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Magnetoresistance, electrical transport, and magnetic properties associated with a two-step Verwey-type
transition in BaGdFe2O5+w �−0.015�w�0.181� are studied as a function of temperature and oxygen nonsto-
ichiometry �w�. A disproportionation of Fe2.5+ into Fe2.5−� and Fe2.5+� upon cooling through the transition
temperature Tp and charge ordering into Fe2+ and Fe3+ at TV are manifested in electrical-conductivity and
Seebeck-coefficient data. Above TV, electrical conductivity shows an activated hopping behavior with activa-
tion energy of �0.13 eV. Seebeck measurements identify holes as charge carriers below TV. Above TV, both
holes and valence-mixing electrons need to be considered, although the Seebeck coefficient remains positive up
to room temperature. This suggests that the activation energy for electrons is higher than that for holes, and the
actual value is close to that obtained from conductivity data. Increasing w increases electrical conductivity and
decreases Seebeck coefficient in the charge-ordered state. In the valence-mixed state, increasing w increases
Seebeck coefficient, but conductivity increases only up to w�0.1, from which the decay of the valence mixing
takes over and conductivity begins to approach values extrapolated from the charge-ordered state. Magnetore-
sistance peaks with negative ratio up to �2% are observed, corresponding to a small magnetic-susceptibility
change at TV.
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I. INTRODUCTION

Whereas in colossal-magnetoresistance manganese oxides
charge ordering occurs on the background of either ferro-
magnetic �FM� or antiferromagnetic �AFM� interactions,1–4

double-cell perovskites BaRFe2O5 �R=a rare-earth element�
order iron charges within an overall AFM arrangement.5 Un-
paralleled by any similar transition, this charge ordering phe-
nomenon proceeds in two steps, in two separate transitions.
The first step upon cooling below a temperature Tp is char-
acterized by separation of Fe2.5+ into intermediate charges
Fe2.5−� and Fe2.5+�.6 This separation takes place in the struc-
tural frame of the slight orthorhombic distortion associated
with an AFM order, in which the iron spins are aligned along
the shortest bond.6 The second step which accomplishes the
full charge separation into equal amounts of the Fe2+ and
Fe3+ species,5 takes place at a lower temperature TV. This
second transition proceeds in parallel with the Verwey tran-
sition in magnetite,7 exhibiting abrupt changes in entropy,
electrical conductivity and volume.6 Although a long-range
ordering of the fully separated valence and spin states of iron
has been structurally characterized by neutron powder
diffraction,6,8 no such order could be detected8 in the tem-
perature range of the intermediate valence states Fe2.5−� and
Fe2.5+� between the two phase transitions.

Such double-cell perovskites are subject to a considerable
oxygen nonstoichiometry of the BaRFe2O5+w type, where the
vacant oxygen site, located in the R layer, is partially filled

by the added oxygen atoms w. The nonstoichiometry has a
dramatic effect on the concentration of valence-mixed spe-
cies, removing them faster than the nominal concentration of
divalent Fe would predict.5 Upon increasing w, the interme-
diate states, Fe2.5−� and Fe2.5+�, become soon no longer ob-
servable as the weaker first step of the charge separation is
eliminated, and the structure adopts a long-range tetragonal
symmetry imposed by disordered arrangement of the added
oxygens. This overrides the magnetostrictive orthorhombic
distortion of the ideal structure with w=0.8 The remaining
single-step transition is rather robust as a first-order transi-
tion and disappears only at nonstoichiometry levels as high
as w=0.25.9,10

Ferromagnetic magnetite has been reported to exhibit ge-
neric magnetoresistance which changes from positive above
TV to negative below.11,12 A negative magnetoresistance ef-
fect was observed for a nearly stoichiometric composition of
BaSmFe2O5.0.

13 In this work, the effect of the oxygen nons-
toichiometry on electrical conductivity, magnetic susceptibil-
ity, thermoelectric power, and magnetoresistance �MR� are
studied on single-phase and well-characterized samples.

II. EXPERIMENT

Syntheses. BaGdFe2O5+w was synthesized by a wet-
chemical technique via citrate-based nanoprecursor. The de-
tails of the procedure are described in Ref. 9, here just in
brief: Standardized starting materials, gadolinium oxide
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��99.9%, Molycorp�, iron lumps �99.95%, Koch-Light, dis-
solved in a diluted high-purity nitric acid�, and BaCO3 �0.1%
Sr, Merck, dried at 300 °C� were dissolved in the said order
in melted high-purity citric acid monohydrate. The clear
orange-brown melt was dehydrated into a porous solid at
180 °C, milled and incinerated at 450 °C. The obtained
amorphous powder was calcined at 900 °C for 20 h in the
atmosphere of Ar and H2 in a volume ratio of 100:1 saturated
by water vapor to pH2O=0.0215 bar. The single-phase
brown-colored calcinate product was milled in a vibration
agate mill, cold pressed at 160 bars and sintered into a full-
density master-sample at 1010 °C in the atmosphere of Ar
and H2 premixed in the volume ratio of 17.7�1�:1 and satu-
rated to have pH2O=0.024 88 bar. The oxygen content was
controlled by a quenching technique that is described in de-
tail in Ref. 6, together with the details of the cerimetric de-
termination of the oxygen content. The latter has reproduc-
ibility better than ±0.003. It should be kept in mind,
however, that this value represents an overall average oxygen
content and that a certain distribution of oxygen contents
occurs in the equilibrated and quenched samples, with half
width of some w=0.010.9

Magnetic and magnetotransport properties. Temperature
dependences of magnetic susceptibilities of all samples were
measured upon warming and cooling in constant fields of
0.01 and 50 kOe. For the least nonstoichiometric sample,
magnetization was measured as a function of the applied
field and temperature across the range of the Verwey-type
transition.

For magnetotransport measurements the compact samples
were cut under a protective layer of ethyleneglycole into par-
allelepipeds with a cross section of 2–3 mm2. Measurements
were performed under an applied field of −7 to +7 T �field-
scanning mode�, in a direction perpendicular to the current
flow, within temperature range of 150–300 K �temperature-
scanning mode�, with a Quantum Design PPMS-9 instru-
ment.

Electrical transport properties. A standard four-probe
technique was used, with gold electrode pads vacuum-
deposited directly on the sample surface. The spacing be-
tween the electrodes was controlled by a 0.05-mm-thin Au
mask, to which gold leads were attached using an Ag paste.

Seebeck measurements. Seebeck coefficient was evaluated
from measurements of the thermoelectric effect. Copper
plates were attached to the two opposite largest faces of par-
allelepipeds of dimensions 0.3�1.5�2.0 mm3 with the help
of Ag paste. One of the plates was heated resistively so that
a temperature difference of �T�2.0 K was maintained be-
tween the ends of the sample, measured by thermocouples.
The overall temperature was varied from 290 to 210 K,
while the thermovoltage between the plates was measured
using a nanovoltmeter device �HP 34420A�. For each tem-
perature, several thermovoltage readings were collected by
adjusting the power of the resistive heater. The Seebeck co-
efficient was obtained from the slope of the voltage versus
�T.

III. RESULTS AND DISCUSSION

A. Characterization

The master BaGdFe2O5+w sample was single-phase ac-
cording to synchrotron powder x-ray diffraction. The non-

stoichiometry w was controlled in a range adjacent to the
ideal mixed-valence composition having w=0, and this in-
cluded also a sample with a slight excess of divalent iron,
w=−0.015, according to a cerimetric titration. Upon further
reduction, metallic iron is detected in such samples by x-ray
powder diffraction and is manifested also by ferromagnetic
properties. Having shown very weak magnetic properties of
such a type, but without the direct proof by conventional
x-ray powder diffraction, this sample is assumed to contain
traces of metallic Fe. Since the next more oxidized sample
with w=−0.001 did not show the ferromagnetic behavior, it
is assumed that the w=−0.001 sample is within the lower
homogeneity limit with respect to the oxygen nonstoichiom-
etry �w�0.000�.

B. Electrical conductivity under ambient field

The characteristic abrupt change in electrical conductivity
at TV in BaGdFe2O5+w is shown in Fig. 1 as a function of
oxygen nonstoichiometry. The magnitude of this change de-
creases in parallel with the demise of this discontinuous tran-
sition, as quantified for example by diminishing �S or �V at
TV.9 Upon increasing w, electrical conductivity of
BaGdFe2O5+w approaches a value that is lower than that of
the stoichiometric �w=0� valence-mixed phase �above TV�,
but higher than that of the stoichiometric charge-ordered
phase �below TV�. The isothermal variations as a function of
nonstoichiometry in the two regions are profoundly different:
From the charge-ordered state with w=0, electrical conduc-
tivity increases monotonously with increasing w �the left
face of the three-dimensional �3D� plot in Fig. 1�, as ex-
pected for increased doping of the localized Fe2+ and Fe3+

stoichiometric states present when w=0. From the valence-
mixed state having w=0 �the right face of the 3D plot in
Fig. 1�, electrical conductivity passes through a maximum

FIG. 1. �Color online� Temperature and composition depen-
dence of electrical conductivities of BaGdFe2O5+w samples �w
=−0.015,0.010,0.061,0.096,0.113,0.181� around Verwey-type
transition under ambient magnetic field. Axes correspond to linear-
ity for a small-polaron hopping model, see text.
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around w=0.100 before it eventually descends towards the
level of the heavily doped phase. At the maximum, the con-
centration of the valence-mixed atoms �according to Möss-
bauer data5� is approximately one half the level at w=0.

For the two compositions that are closest to the ideal sto-
ichiometric situation �w=−0.015 and 0.010; the front face of
Fig. 1�, a two-step change in electrical conductivity is clearly
seen in Fig. 1, related to the two-step course of the Verwey-
type transition: A kink corresponding to the partial charge
ordering is followed by the more conspicuous abrupt change
of the Verwey transition proper at lower temperature. Only
the latter transition is clearly discontinuous, showing also a
hysteresis. Transition temperatures are listed in Table I as
idealized onsets of electrical conductivity change upon cool-
ing, determined as intersections of the high-temperature
trend with the tangent drawn at the inflexion point of the
transient curve.

As illustrated by Mössbauer spectroscopy,5 there is a va-
riety of valence and spin states of iron that may produce
carriers contributing to electrical conductivity of
BaGdFe2O5+w. In addition to the charge-ordered, or partially
charge-ordered, or valence-mixed iron states, there remains a
small amount of the nonmixed regular integer-valence states
of high-spin Fe2+ and high-spin Fe3+, even at the stoichio-
metric composition with w=0. The oxygen loading �w� sup-
plies high-spin Fe3+ at the expense of all the other states.
Nevertheless, some general features can be extracted. The
temperature-dependence curves of electrical conductivity
show an activated behavior that changes character when TV
is crossed, but remains in principle the same as a function
of w.

Below TV, the electrical transport approaches a variable-
range hopping mechanism, given that a reasonable linearity
against T−1/4 is observed towards the lowest temperature lim-
its. Such behavior is often observed for localized electron
states.

In the fully valence-mixed range, an Arrhenius-type acti-
vation gives a reasonable linear fit, which further slightly
improves with the application of a diffusion-assisted hopping
model:

� = � eNc

asp
3 �� exp	−

E�

kBT

 , �1�

where the mobility � is given by:

� = ehpasp
2 	

kBT
. �2�

In Eqs. �1� and �2� hp is the hopping probability, Nc the
number of carriers per single-perovskite cell, asp the average
edge of such a cell, e the electron charge, kB the Boltzmann
constant, E� the activation energy, and 	 the hopping fre-
quency. Assuming that the hopping occurs between neigh-
boring iron sites, asp is approximated as the edge of the av-
erage single-perovskite cubic unit cell of the phase,
calculated from the room-temperature unit-cell parameters.
Assuming further that the hopping probability is hp=1/5 �in-
stead of the usual 1/6 for the octahedral site�, E� and 	Nc are
extracted as two parameters of the least-squares fitting to the
experimental data.

Energy E� has a minimum for compositions about w
=0.12 that corresponds to the maximum in conductivity
shown in Fig. 1 �the right face of the cube�. Around this level
of oxygen nonstoichiometry, the concentration of the
valence-mixed state is still high enough to make a significant
contribution to conductivity, while the ratio between the for-
mally di- and tri-valent iron ions becomes increasingly favor-
able for percolations of the valence-mixed Fe2.5+ pairs via
random fluctuations between alternative neighbors Fe2+ and
Fe3+.5 In fact, this maximum in conductivity �and minimum
in activation energy� corresponds to the maximum in product
of the concentration of the valence-mixed state and the
amount of available choices of di- and tri-valent iron pairs as
a function of w �Eq. �5� and Fig. 16 in Ref. 5�.

The electrical conductivity data do not provide infomation
on the sign and the concentration of charge carriers. An es-
timate of changes in the concentration of carriers Nc as a
function of w can be done for the valence-mixed region, but
only under assumption that the hopping frequency 	 is con-
stant. As shown in Fig. 2, the 	Nc curve roughly correlates to
the deterioration of valence mixing as a function of w. How-
ever, this merely reflects the fact that the increase in electri-

TABLE I. Transition temperatures TV and Tp upon cooling, as
extracted from conductivity data for BaGdFe2O5+w in Fig. 1.

w Tp �K� TV �K�

−0.015 313.2 270.2

0.010 311.9 270.0

0.019 304.2 265.5

0.061 249.6

0.096 239.5

0.113 234.6

0.181 226.2

FIG. 2. �Color online� Parameters of the small-polaron hopping
model of electrical conductivity in valence-mixed BaGdFe2O5+w.
Top: Activation energy for �E�� conductivity �full symbols� Bot-
tom: The product of hopping frequency and amount of charge car-
riers �	Nc, full symbols�. For comparison, the relative decrease in
the concentration of the Mössbauer Fe2.5+ component �xFe2.5+� �Ref.
14� is plotted in open symbols.
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cal conductivity above TV is directly or indirectly caused by
the valence mixing.

C. Seebeck effect measurements

In order to obtain the sign and the properties of carriers,
measurements of thermoelectric effect have been performed
with respect to temperature and w, the latter in the vicinity of
w=0 where the manifestation of the two-step Verwey transi-
tion is the strongest. Seebeck coefficient data �S� are dis-
played in Fig. 3. Although the data at lower temperatures and
higher values of S were increasingly difficult to measure, the
general features in Fig. 3 lead to several important conclu-
sions: �i� The positive sign of S throughout seems to indicate
that the charge carriers are holes, or that at least holes give a
large contribution. �ii� The concentration of charge carriers
increases �S decreases� with increasing temperature, showing
that we are in general beyond the T1/2 dependence typical of
variable-range hopping and rather in the region of activated
hopping. �iii� Heating the sample through the transition af-
fects the number of carriers in a similar rather abrupt manner
as the electrical resistance �note that according to a powder
x-ray diffraction study9 the Verwey transition proper pro-
ceeds over an interval of some 15–20 K�. �iv� The effect of
oxygen nonstoichiometry �w� on S is inverted across the TV.

1. Valence-mixed state

The dominance of holes as carriers seems to contradict
the understanding of the valence mixing as electron sharing
between the Fe sites. One would imagine that the very same
electrons act as charge carriers. However, one could infer
that the electron which is shared between two Fe atoms is not
delocalized over the lattice, because a transfer to a nearby
lattice site in the ab plane would require a spin-flip due to the
antiferromagnetic coupling of the lattice. Through activation
such a transfer may be possible, though.

As the oxygen content is increased, the number of holes
should increase. This leads to a problem: if the Seebeck co-
efficient depends only on the hole concentration, then the
increase in S upon increasing w is just opposite to what is
expected. We will therefore assume that both holes and elec-

trons contribute to the Seebeck coefficient, i.e., that we are
dealing with a bipolar case. As the Seebeck coefficient was
measured in zero-current mode and the carrier mobilities can
hence be neglected, we may employ the following
expression:15

S =
nSn + pSp

n + p
, �3�

where n and p represent concentrations of electrons and
holes, and Sn and Sp are the Seebeck coefficients for elec-
trons and holes. Both carriers would be thermally activated
at relatively low teperatures, with activation energies En
and Ep:

Sn = −
En

eT
�4�

and

Sp =
Ep

eT
. �5�

The Seebeck coefficient and conductivity data suggest
that the source of the conducting electrons is the valence
mixing. The number of the valence-mixing electrons per Fe
is equal to one half of the mole fraction of Fe2.5+, which can
be registered by Mössbauer spectroscopy and follows a
probability-based equation derived in Ref. 5:

xFe2.5+ = 2�0.5 − w��1 − �0.5 − w�4�
0.5 − w

0.5 + w
. �6�

The number of thermally activated electrons per Fe atom is
then

n =
xFe2.5+

2
exp�− En/kBT� . �7�

Since Fe2+ would not be easily accommodated at the rather
compressed octahedral sites formed by the added oxygen w,
only pentacoordinated Fe3+ is considered to act as holes,
hence

p = �0.5 −
xFe2.5+

2
�exp�− Ep/kBT� , �8�

where 0.5−xFe2.5+ /2 is the mole fraction of pentacoordinated
Fe3+; obtained by subtracting the fraction of pentacoordi-
nated iron that went into valence mixing from the constant
concentration 0.5 that would be present if the valence mixing
did not take place.

The Seebeck coefficent data above TV are fitted with Eq.
�3� and Ep, En as parameters �Fig. 4�. These activation ener-
gies are plotted in Fig. 5 as a function of w and compared
with the activation energy for conductivity, showing a rea-
sonably good agreement.

The following conclusions can now be drawn: Even when
the number of electrons exceeds the number of holes for low
w values, the Seebeck coefficient is dominated by the holes,
due to the fact that the activation energy for the electrons is
approximately five times larger. This in turn seems to follow
from the fact that the electrons are practically localized be-

FIG. 3. �Color online� Temperature dependence of Seebeck co-
efficient for BaGdFe2O5+w.
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tween two Fe atoms along the c axis and can only be moved
with a costly spin-flip process. The holes, which act as p type
impurities are readily activated. Upon increasing tempera-
ture, negative Seebeck coefficients would eventually be ex-
pected, as more and more electrons become activated. This is
also apparent from extrapolaton of data in Fig. 3.

The data in Fig. 2 suggest that the concentration of charge
carriers as a function of w follows closely the number of
mixing electrons given by the Mössbauer data �see also Eq.
�6��. This means that the contribution of holes to electric
conductivity is small, which in turn must be due to the fact
that the mobility of the electrons, once they are activated, is
much larger than that of the holes. This would make the
electrons to dominate in the measured conductivity. The ther-
moelectric power being an essentially zero-current measure-
ment does not depend on the carrier mobilities and thus the
holes should dominate the Seebeck coefficient value. The
huge decrease in conductivity when temperature is lowered
below TV can now be explained: when the electrons are com-
pletely localized, holes remain as charge carriers, and the
overall conductivity decreases because of their low mobility.
The fact that the hole contribution to conductivity is two-
orders of magnitudes smaller than the electron contribution
also justifies the use of a single-carrier model for the con-
ductivity data.

2. Charge-ordered state

Below TV, the structure is charge ordered, and the
valence-mixing electrons become completely localized. The
Seebeck coefficient decreases with increasing w, suggesting
a pure hole conductor in which holes originate from the oxy-
gen nonstoichiometry and are carried by the same species as
above TV: pentacoordinate Fe3+ defects in the ideal charge-
ordered structure. These defects are formed via oxidation by
the added oxygens w.

The Seebeck data were difficult to measure at low tem-
peratures below TV and temperature dependences could not
be obtained for all samples. This prevented us from system-
atic fitting of the entire Seebeck data with Eq. �5� common
for holes above and below TV and Eq. �4� for electrons above
TV.

Data for samples with w=0.010 and 0.052 �Fig. 3� sug-
gest that there would be a good agreement for such a joint
model for the Seebeck coefficients below and above TV: the
fitted values for Ep when inserted in Eq. �5� yield positive
Seebeck values of the correct magnitude ��200 �V/K� and
trend with respect to w.

D. Magnetic susceptibility

All samples exhibit strong paramagnetism due to the pres-
ence of Gd3+ moments. Upon this background, magnetiza-
tion changes of iron atoms at the Verwey transition appear
weak. However, under strong fields it is possible to observe
an increase in susceptibility right above TV. As illustrated in
Fig. 6, the magnitude of this jump decreases rapidly with
increasing oxygen nonstoichiometry. Since powder neutron-
diffraction data6,8,16 show only a negligible change in the
magnitude of the ordered AFM moment across TV in
BaRFe2O5+w, the observed susceptibility jump �at TV� sug-
gests that the exchange interactions are weaker in the valence
mixed phase. The size of the magnetization jump as a func-

FIG. 4. �Color online� Seebeck coefficients for BaGdFe2O5+w

fitted using Eq. �3� in the region T�TV.

FIG. 5. �Color online� Activation energies of electrons �filled
circles� and holes �open circles� in BaGdFe2O5+w, as obtained from
fitting the T�TV Seebeck data with Eq. �3�. For comparison acti-
vation energies obtained from conductivity data �Fig. 2� are plotted
�filled squares�.

FIG. 6. �Color online� Temperature and composition depen-
dence of the inverse magnetic susceptibility of BaGdFe2O5+w �w
=−0.015,0.010,0.061,0.096,0.113,0.181�, in the temperature
range covering TV, under a magnetic field of 50 kOe.
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tion of the field, evaluated in Fig. 7, illustrates a linear de-
pendence without any tendency to approach saturation. A
careful analysis of the field-dependent data shows that TV
decreases by �1 K per 50 kOe.

E. Magnetoresistivity

The resistivity versus temperature behavior under applied
fields up to 7 T revealed MR effects. However, due to hys-
teresis, resistivity at a given temperature changes consider-
ably when it is remeasured under various external fields. As
a result, MR peaks observed in the temperature scans may
even exhibit positive values, i.e., such scans merely serve to
indicate the position of the peak. In order to get reliable
magnetoresistance data, field scans at constant temperatures
were performed. In Fig. 8, the general trend in MR ratios
obtained from such field scans is illustrated.

Figure 9 shows that both the premonitory transition �when
present� and the main transition give rise to �negative� MR
peaks. The MR peaks reach a maximum around w=0 and
decay as oxygen nonstoichiometry is increased �Fig. 10�.

Since both the magnetization jump and the MR ratio at TV
are nearly linear functions of the external field H �Figs. 7 and

8 respectively�, we have also plotted the maximum MR ratio
at TV, as obtained from Fig. 10, versus the magnetization
jump ��M /M� for several samples. The result is presented in
Fig. 11. The MR peak ratios have been scaled by a factor of
5/7, as the maximum field values for the MR and for the
magnetization measurements were 7 and 5 T, respectively.
This confirms that MR associated with the Verwey-type tran-
sition in BaGdFe2O5+w is a consequence of the susceptibility
change at TV. Any such change at Tp was probably too small
to be registered.

IV. CONCLUSIONS

Studies on the electric transport properties in
BaGdFe2O5+w revealed an increase in resistivity �up to two
orders of magnitude� upon cooling the samples below the
charge-ordering transition at TV. Analysis of the Seebeck
data showed that above TV the charge carries consist of both
positive holes and electrons. Due to their lower activation
energy, holes dominate in the Seebeck coefficent, despite
their concentration being lower than that of electrons. At the
same time, the valence-mixing electrons control conductivity
above TV, owing to their larger mobility. The concentration

FIG. 7. �Color online� Change in specific magnetization of
BaGdFe2O5.010 upon warming through TV as a function of the ex-
ternal field.

FIG. 8. Fitted surface of MR ratios at TV versus external mag-
netic field and nonstoichiometry parameter w in BaGdFe2O5+w.

FIG. 9. �Color online� The negative MR ratios versus tempera-
ture for BaGdFe2O5+w, obtained from field scans at constant
temperatures.

FIG. 10. �Color online� MR peak heights at TV �background
levels of �0.5% subtracted� for BaGdFe2O5+w.

LINDÉN et al. PHYSICAL REVIEW B 73, 064415 �2006�

064415-6



of holes and electrons determined from the conductivity and
the Seebeck coefficient data roughly corresponds to the con-
centration of excess oxygen w �manifested as holes� and the
number of mixed-valence pairs Fe2.5+ �manifested as elec-

trons�, as obtained from the chemical analyses and Möss-
bauer spectroscopy data, respectively. The overall low con-
ductivity of the phase and the dominance of holes as
activated charge carriers indicate that the Fe2+ and Fe3+ va-
lence mixing above TV is not a completely delocalized phe-
nomenon. Below TV, the valence-mixing electrons localize
completely and electric conductivity is mainly carried by the
holes. Accordingly, Seebeck coefficient decreases with in-
creasing w. The MR effect of about 2% is registered at the
main charge-ordering transition �TV� in stoichiometric
BaGdFe2O5and a proportionally smaller effect occurs at Tp
of the incipient �premonitory� charge ordering. Both decrease
in parallel with the removal of the valence-mixed iron states,
as oxygen nonstoichiometry is increased.
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FIG. 11. �Color online� MR peak heights for BaGdFe2O5+w at
TV versus change in specific magnetization at TV in external field of
5 T �background levels of �0.5% subtracted; the MR peak heights
rescaled by 5/7, see text�.
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