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Alexandrov and Bratkovsky Reply: In our Letter [1] we
proposed a theory of ferromagnetism and colossal mag-
netoresistance (CMR) based on the idea of a current car-
rier density collapse due to pairing of polaronic carriers in
doped ferromagnetic semiconductors. Nagaev [2] has ne-
glected the fact that the theory is largely independent of
the type of electron-phonon interaction and of a particular
orbital state of holes.

Nevertheless, the Comment raises a key question about
the essential interactions in oxides. Here we show that
the radical claims [2,3] that (i) small polarons do not ex-
ist in manganites and (ii) there is no convincing proof
that they exist in any other semiconducting materials are
wrong. The problem stems from an incorrect estimate of
the polaron binding energy ESP (polaron shift) in [2,3].
Instead, one should use the exact expression for ESP (see,
e.g., Ref. [4]) with the experimental dielectric constants.
For the Fröhlich interaction,
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where the dielectric constants, k21 � e21
` 2 e

21
0 , are

known from experiment, and the size of the integration
region [the Brillouin zone (BZ)] is determined by the
lattice constants a, b, c (Table I). Nagaev’s formula for
ESP is numerically wrong because of an inaccurate lower
limit in the integral (which underestimates ESP by a factor
of 2) and inaccurate data for the dielectric constants.

The actual value for ESP is of the order of 1 eV (Table I),
much larger than Nagaev’s estimate, �0.15 eV. Note that
the data in the table represent the lower boundary for the
ESP , since the long-wave approximation for the matrix
element, Eq. (1), underestimates the contribution of the
short-wave optical phonons. Also, short-wave acoustic

TABLE I. Polaron shift ESP due to Fröhlich interaction. The
data are from Ref. [9]. The value e` � 5 for WO3 is an
estimate.

a 3 b 3 c ESP

System e` e0 �Å� (eV)

BaTiO3 5.1–5.3 1499 3.9922 3 4.032 0.842
La2CuO4 5.0 30 3.82 3 6 a 0.647
LaMnO3 3.9 b 16 b 3.863 0.884

La222xSr112x · · · · · · · · · · · ·
2Mn2O7 4.9 b 38 b 3.862 3 3.9 a 0.807
SrTiO3 5.2 310 3.9053 0.852
WO3 5 100–300 7.31 3 7.54 3 7.7 0.445
CdO 5.4 21.9 4.73 0.522
EuS 5.0 11.1 5.9683 0.324
EuSe 5.0 9.4 6.19363 0.266
MgO 2.964 9.816 4.21473 0.982
NaCl 2.44 5.90 5.6433 0.749
NiO 5.4 12 4.183 0.429
TiO2 6–7.2 89–173 4.592 3 2.96 0.643

aDistance between CuO2 or MnO2 planes. bReference [10].
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and/or Jahn-Teller phonons are not included. The large
value of the polaron shift is compatible with the small-
polaron theory [5].

Irrespective of any theoretical arguments, the existence
of polarons in CMR materials is unambiguously confirmed
experimentally, including very low mobility, activated dc
and ac transport in the paramagnetic phase, and the gi-
ant isotope effect (for references, see [1]). Contrary to
Nagaev’s claim, the theory [1] well describes the optical
properties of manganites, in particular the giant spectral
weight transfer with temperature and magnetic field [6].

We conclude that all of the objections [2] against the
(bi)polaron theory of CMR originate from complete dis-
regard of abundant experimental data and a wrong esti-
mate of the polaron binding energy. The theory suggests
that by replacing the magnetic ions (Mn) with nonmag-
netic ions (Cu), one can transform a doped charge-transfer
insulator into a high-temperature superconductor owing to
the Bose-Einstein condensation of bipolarons [4], as was
observed experimentally [7]. Theories of CMR and/or
high-temperature superconductivity based on the double-
exchange interaction, and/or magnetic fluctuations alone
do not take into account the much stronger Fröhlich inter-
action (Table I) [8].
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