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The effects of pressure up to �20 kbar on the structural phase transition of SrFe2As2 and lightly Sn-doped
BaFe2As2 as well as on the superconducting transition temperature and upper critical field of
�Ba0.55K0.45�Fe2As2 single crystals have been studied. All the transition temperatures decrease with pressure in
an almost linear fashion. Under pressure, the upper critical-field curve Hc2�T� for �Ba0.55K0.45�Fe2As2 shifts
down in temperature to follow the zero-field Tc with very little change in slope. Composite P-T phase diagrams
for three parent compounds AFe2As2 �A=Ba,Sr,Ca� are constructed and appear to be remarkably similar: �i�
having a structural �antiferromagnetic� phase-transition line with a negative slope and �ii� showing signs of the
emerging superconducting state at intermediate pressures.
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I. INTRODUCTION

The recent reports of the discovery of elevated tempera-
ture superconductivity in LaFeAs�O1−xFx� �Ref. 1� followed
by an almost twofold increase in the superconducting transi-
tion temperature by application of pressure2 or by substitu-
tion of heavier rare earths3 have brought a lot of attention to
materials with structures containing Fe-As layers. Within a
few months, superconductivity below Tc=38 K was discov-
ered in the structurally related, nonoxide material, K-doped
BaFe2As2 �Ref. 4�, and single crystals of the parent, nonsu-
perconducting compound BaFe2As2, as well as supercon-
ducting �Ba0.55K0.45�Fe2As2 were synthesized.5,6 Although
the parent compound appears to be sensitive to small, �1%,
of Sn doping5–7 �light doping of Sn is an unintended conse-
quence of the crystal-growth process� a small amount of Sn
do not seem to be detrimental for superconductivity in the
K-doped compound.4,5 Single crystals of pure and K-doped
SrFe2As2 have also been synthesized.8,9 SrFe2As2 bears simi-
larity to BaFe2As2 in having structural �antiferromagnetic�
phase transition at �200 K and exhibiting superconductivity
at elevated temperatures upon K doping.

Pressure was shown to have a remarkable effect on low-
temperature behavior of CaFe2As2.10 The structural �antifer-
romagnetic� transition is rapidly suppressed under pressure
and is observed up to P�3.5 kbar; at �5.5 kbar a new
transition, marked by a decrease in resistivity, is detected
at �104 K, increasing to above 300 K by 19 kbar. At
low temperatures, pressure-induced superconductivity �Tc
�12 K is observed between approximately 2.3 and 8.6
kbar�. Similarly, superconducting domes were reported for
BaFe2As2 and SrFe2As2 under pressure11 but with no data on
the effects of pressure on the structural/antiferromagnetic
transition. In order to compare the P-T phase diagrams of
BaFe2As2 and SrFe2As2 with the one for CaFe2As2,10 and to
probe the assumed similarities between doping and pressure
in these compounds, in this work we study the effect of
hydrostatic pressure on parent, lightly Sn-doped BaFe2As2,

superconducting �Ba0.55K0.45�Fe2As2, as well as parent
SrFe2As2 single crystals.

II. EXPERIMENTAL DETAILS

Single crystals of BaFe2As2, �Ba0.55K0.45�Fe2As2, and
SrFe2As2 were grown out of a Sn flux using conventional
high-temperature solution growth techniques.12 The details
of the growth as well as thermodynamic and transport prop-
erties of these crystals are described in Refs. 5 and 8. At
ambient pressure the structural phase transition in BaFe2As2
is marked by a rapid increase in in-plane resistivity, whereas
in SrFe2As2 in-plane resistivity abruptly decreases below
such transition. The pressure dependencies of the structural
phase-transition temperature T0, the superconducting phase-
transition temperature Tc, and the upper critical-field Hc2
were determined from the temperature-dependent in-plane
resistance. Pressure was generated in a Teflon cup filled with
either a 60:40 mixture of n pentane and light mineral oil or
Fluorinert FC-75 inserted in a 22-mm-outer-diameter, non-
magnetic, piston-cylinder-type, Be-Cu pressure cell with a
core made of NiCrAl �40 KhNYu-VI� alloy. The pressure at
room temperature was monitored by a manganin, resistive
pressure gauge. At low temperatures the pressure value was
determined from the superconducting transition temperature
of pure lead.13 Low-temperature pressure values will be used
throughout most of the text as the pressure remains almost
constant in similar geometry cells on cooling below
�100 K.14 The data for the pressure dependent room-
temperature resistance and structural �antiferromagnetic�
transition in SrFe2As2 use either room-temperature values of
pressure or an interpolation of pressures for intermediate
temperatures. The temperature and magnetic-field environ-
ment for the pressure cell was provided by a Quantum De-
sign Physical Property Measurement System �PPMS-9� in-
strument. An additional Cernox sensor, attached to the body
of the cell, served to determine the temperature of the sample
for these measurements. The cooling rate was below 0.5
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K/min, the temperature lag between the Cernox on the body
of the cell, and the system thermometer was �0.5 K at high
temperatures and 0.1 K or less, below �70 K.

III. RESULTS

Figure 1�a� shows the temperature-dependent resistance
of BaFe2As2 at different pressures. Above �10 kbar the
��T� curves shift down with pressure, qualitatively similar to
high-temperature �above the phase transitions� resistance of
CaFe2As2.10 Although the feature in resistivity corresponding
to the structural phase transition is somewhat broad, its pres-
sure dependence can be monitored by following the pressure
evolution of the minima in the derivative dR /dT �Fig. 1�b��.
It is worth noting that although the resistive anomaly appears
to be associated with a single transition �a conclusion sup-
ported by ambient pressure data5�, at least two minima can
be seen in dR /dT �marked with up-�Ta� and down-�Tb� ar-

rows in Fig. 1�b��. Both minima shift to lower temperatures
�inset in Fig. 1�a�� under pressure with similar pressure de-
rivatives dTa /dP=−1.04�0.04 K /kbar, dTb /dP=−0.89
�0.05 K /kbar, giving further support to the assumption that
this anomaly is associated with a single transition and that
the fine structure in dR /dT is an artifact. Using a linear ex-
trapolation of these data, the structural phase transition can
be expected to be suppressed by �80 kbar. This is most
likely an upper limit, given the possibility of superlinear sup-
pression at higher pressures.

For superconducting �Ba0.55K0.45�Fe2As2, the normal-state
resistivity decreases under pressure �again, similarly to
CaFe2As2 �Ref. 10�� through �15 kbar as shown in Fig.
2�a�. The normal-state resistance values for the next pressure,
20.4 kbar, jump upwards, however this jump seems to be
extrinsic since the normal state R�T� retains a positive offset
when we back off the pressure to 12.9 kbar. It seems reason-
able to assume that this resistance jump after the fourth pres-
sure run was caused by some change in the geometric factor
of the sample, such as development of a small crack. Indeed,
the normalized resistivity ��T� /��300 K� does not change
significantly with pressure. Based on this, it is worth noting
that �Fig. 2�a�, inset� the 20.4 kbar run yields data consistent
with the first four pressure runs’ normal-state resistance val-
ues if they are scaled with the last, 12.9 kbar, curve, as
shown in Fig. 2�a�. It should be emphasized that this jump in
the normal-state resistance has no bearing on the supercon-
ducting transition temperature behavior under pressure.

The superconducting transition temperature decreases un-
der pressure with some �reversible� broadening of the resis-
tive transition �Fig. 2�b��. For different criteria in the deter-
mination of Tc, the pressure derivatives are dTc

onset /dP
=−0.15�0.01 K /kbar and dTc

offset /dP=−0.21�0.01
K /kbar �Fig. 2�b��. The upper critical field in
�Ba0.55K0.45�Fe2As2 is expected to be extremely high, on the
order of 1,000 kOe.5,15,16 Our measurements, up to 90 kOe,
can probe only a small section of the Hc2�T� curve, close to
zero-field Tc. The P=0 Hc2�T� data are similar to that in Ref.
5. Under pressure, the Hc2�T� appear to shift �Fig. 3�, follow-
ing the shift of Tc0 without changes in the slope or curvature.

The temperature-dependent resistance of SrFe2As2 at dif-
ferent pressures is shown in Fig. 4. Applied pressure notice-
ably lowers the high-temperature �tetragonal phase� resis-
tance, as has been the case for CaFe2As2, BaFe2As2, and
�Ba0.55K0.45�Fe2As2. The sharp resistance anomaly associated
with the tetragonal to orthorhombic, structural phase-
transition temperature8 is suppressed under pressure. These
results are similar to those presented in Ref. 17 on polycrys-
talline and Bridgeman-grown single crystalline SrFe2As2.
The low-temperature part of the R�T� curves has an addi-
tional feature �Fig. 4, lower right inset�. This feature T� is
marked by a sharp—but continuous—decrease in resistance,
is seen in P=0 data with some ambiguity, but is unambigu-
ously present at all elevated pressures. It should be noted,
though, that this transition does not give any clear indication
of producing zero resistance. This feature is only slightly
field dependent; for P=18.9 kbar data T� shifts down by
�4 K ��15%� at 90 kOe magnetic field �H�c�. Figure 5
summarizes the pressure dependencies of the two transition
temperatures for SrFe2As2. The decrease in the structural

(b)

(a)

FIG. 1. �Color online� �a� Pressure dependence of in-plane re-
sistance of BaFe2As2. �For BaFe2As2 sample �300 K�P=0�
�1 m� cm.� Inset: pressure dependent transition temperatures, de-
termined as shown in panel �b�, the lines are from linear fits. �b�
Derivatives dR /dT at different pressures in the transition region.
Arrows show two definitions of the transition temperature �Ref. 5�.
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�antiferromagnetic� transition temperature under pressure is
somewhat nonlinear as well, by 20 kbar the transition tem-
perature is �86% of its P=0 value, and a gross extrapolation
of its pressure dependence suggests that the structural tran-
sition may be suppressed by �80 kbar. T� depends on pres-
sure nonmonotonically and apparently just starts to increase
near the limit of the present measurements.

IV. DISCUSSION AND SUMMARY

Of three parent AFe2As2 �A=Ba, Sr, and Ca� compounds,
the pressure-temperature phase diagram of CaFe2As2 is at

this point studied in the greatest detail. At room temperature
and ambient pressure the material has a tetragonal structure
and is not magnetically ordered.18 On cooling, at ambient
pressure, a structural, tetragonal to orthorhombic, first order,
phase transition, coincident with a transition to long-range
antiferromagnetically ordered phase occurs at �170 K.18,19

On application of very moderate ��3 kbar� pressure, super-
conductivity below �12 K, as evidenced by zero resistivity
and enhanced diamagnetic signal,10,20 is observed. On further
increase in pressure, the superconducting transition tempera-

(b)

(a)

FIG. 2. �Color online� �a� Temperature-dependent in-plane resis-
tance of �Ba0.55K0.45�Fe2As2 under pressure �pressure values in the
legend are in the order of runs�. �For �Ba0.55K0.45�Fe2As2 sample
�300 K�P=0��0.9 m� cm.� Dashed line–20.4 kbar data scaled in a
way that brings the last, 12.9 kbar, data between 8.9 and 15.6 kbar
runs. Inset: normalized temperature-dependent resistivity as a func-
tion of pressure. �b� Resistive superconducting transition in
�Ba0.55K0.45�Fe2As2 �pressure values in the legend are in the order
of runs�. Inset: superconducting transition temperatures �defined as
onset and offset of resistive transition� as a function of pressure.
The lines are from linear fits �Ref. 5�.

FIG. 3. �Color online� Upper critical fields Hc2�T� measured up
to 90 kOe at zero and maximum pressures as defined from onset
�filled symbols� and offset �open symbols� of resistive transitions.
The lines are guides to the eye.

FIG. 4. �Color online� Temperature-dependent in-plane resis-
tance of SrFe2As2 measured at P=0, 3.1, 6.4, 12.1, 15.7, and 18.9
kbar �pressure values at low temperatures�. Arrow indicates the di-
rection of the pressure increase. Upper left inset: enlarged region of
the R�T� curves near the structural �antiferromagnetic� phase tran-
sition. Arrow indicates the direction of the pressure increase. Lower
right inset: enlarged low-temperature part of the R�T� curves in the
region of the T� �see text�. Lower left inset: low-temperature part of
the R�T� curves taken at P=18.9 kbar for H=0 and 90 kOe. Verti-
cal arrows mark T�.
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ture slightly increases, then decreases, and vanishes above
�9 kbar. Starting from P�5 kbar, a new, high-temper-
ature, highly hysteretic, feature in resistivity with its critical
temperature rapidly rising under pressure is observed.10 Re-
cent neutron-diffraction studies under pressure21 revealed
that this latter transition is from the high-temperature tetrag-
onal phase to a low-temperature “collapsed” tetragonal phase
with a dramatically smaller unit-cell volume and a loss of the
lower pressure magnetic order. In the same study a low-
temperature, almost vertical in P-T coordinates, phase
boundary between the orthorhombic antiferromagnetic and
collapsed tetragonal phases was suggested. A composite P-T
phase diagram based on Refs. 10, 18, 19, and 21 is shown in
Fig. 6�a�. Our data on BaFe2As2 and SrFe2As2 can be used to
create similar phase diagrams and for critical comparison.

Following the discovery of superconductivity under pres-
sure in CeFe2As2,10 pressure-induced superconductivity
above �25 kbar was reported in BaFe2As2 and SrFe2As2
based on magnetic-susceptibility measurements.11 Figure
6�b� presents a composite P-T phase diagram for BaFe2As2
that combines results of Ref. 11 and the present work �the
crystals were grown in similar way in both cases�. On a
schematic level, this phase diagram is very similar to the one
for CeFe2As2 �Fig. 6�a��. At this time we are unaware of
structural or electrical transport data for pressures above
�20 kbar, but such data, when available, will �i� shed light
on how well this similarity between the P-T phase diagrams
of CaAFe2As2 and BaAFe2As2 persists to higher pressures
and �ii� reveal how clearly the superconductivity inferred by
Ref. 11 manifests itself in resistivity data.

So as to compare the effects of pressure to chemical sub-
stitution, the Tc�P�� data for �Ba0.55K0.45�Fe2As2 are added to
the P-T phase diagram �Fig. 6�b��. These data are plotted as

FIG. 5. �Color online� Pressure dependence of the structural
�antiferromagnetic� phase transition �top panel� and T� low-
temperature anomaly �bottom panel�. Pressure values interpolation
consistent with Ref. 14 were used for the top panel and low-
temperature values of pressure for T��P�. Two criteria, onset and
maximum of the dR /dT derivatives, were used for the structural
�antiferromagnetic� transition.

(b)

(a)

(c)

FIG. 6. �Color online� Schematic P-T phase diagrams for �a�
CaFe2As2, �b� BaFe2As2, and �c� CaFe2As2. Data in panel �a� are
from Ref. 10. Panel �b� combines data from this work ���, Ref. 11
���, and shifted by 40 kbar data for �Ba0.55K0.45�Fe2As2 ��� from
this work. Panel �c� presents data from this work �� ,��, Ref. 11
���, and Ref. 17 �+,��.
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a function of P�= P+40 kbar, shifted along the x axis so that
the ambient pressure Tc for �Ba0.55K0.45�Fe2As2 is close to
the Tc value for pure BaFe2As2 under pressure on the side of
the superconducting dome that has the same sign of dTc /dP.
This comparison plot shows that the Tc of the pure sample is
much more sensitive to pressure than that of the doped
sample. This suggests that pressure and doping are not
strictly equivalent, and a parameter more complex than pres-
sure is needed if one attempts to a scaling of superconduct-
ing transition temperatures in pure and doped BaFe2As2.

In a similar manner, the results of the current work and
the data from Refs. 11 and 17 for SrFe2As2 are summarized
in the phase diagram shown in Fig. 6�c�. The structural �an-
tiferromagnetic� phase-transition temperature decreases with
pressure in agreement with the literature data.17 On the other
hand, the low-temperature part of the P-T phase diagram for
this material appears to be more complex or subtle than those
for the two other parent compounds in the AFe2As2 �A=Ba,
Sr,Ca� family. Several points are worth noting. �i� The
pressure-induced superconductivity inferred for this
material11 based on the observation of jump magnetic sus-
ceptibility is �shown as red asterisks� appeared to “turn on”
at lower pressures in an abrupt manner. �ii� The low-
temperature resistance feature at T�, a clear loss of resistivity,
found in this work �and shown as blue stars� is virtually
identical to that observed in Ref. 17 for two pressures near
25 and 30 kbar �shown as magenta crosses�. �iii� Both of
these features are broad, and, unlike the case of CaFe2As2,10

the R=0 state was never observed. �iv� This T� feature ap-
pears to be robust with respect to three different techniques
of the samples preparation. �v� Placing the data from this
work and from Refs. 11 and 17 on the same P-T diagram
gives �Fig. 6�c�� rise to a domelike feature that extends down
to as low as P=0 or at least P=3.1 kbar.

These data bring up the question whether the low-
temperature T� feature observed in SrFe2As2 under pressure
is superconductivity, and if it is, whether the superconductiv-
ity is bulk. It is clear that further detailed, thermodynamic
and transport measurements are needed to address the nature
of the T� feature and to confirm or refute the existence of a
superconducting dome �bulk or otherwise� in SrFe2As2.
Given our data though, this study can be done at pressures as
low as 3 or 6 kbar, rather than 20 kbar, allowing many more
techniques and methods of generating pressure as possibili-
ties. By analogy, a similar concern exists for BaFe2As2 as
well. It is also worth noting that in CaFe2As2 there are low-
and high-pressure features �even at P=0�10,18 that are similar
to the low-temperature sharp resistance decrease at T� seen at
all pressures in SrFe2As2. The primary difference in
CaFe2As2 is that a full superconducting transition �R=0� was
found for intermediate pressures.

To summarize, tetragonal to orthorhombic, structural �an-
tiferromagnetic� phase transition is suppressed by pressure
both in lightly Sn-doped BaFe2As2 and in SrFe2As2 with
similar initial pressure derivatives dTs /dP�−1 K /kbar that
is approximately two times faster than in nonsuperconduct-
ing SmFeAs�O0.95F0.05� �Ref. 22� and an order of magnitude
slower than in CaFe2As2.10 A moderate pressure of
�80 kbar, or less, is expected to suppress the structural
phase transitions completely in both materials.

For superconducting RFeAs�O1−xFx� a variety of pressure
dependencies have been reported: initial increase in Tc, fol-
lowed by a maximum and almost decrease with pressure was
reported for LaFeAs�O0.89F0.11�,2,23 nonlinear Tc increase
�LaFeAs�O0.95F0.05� �Ref. 2� and SmFeAs�O0.87F0.13� �Ref.
22�� or decrease �CeFeAs�O0.88F0.12� �Ref. 23��, as well as
close-to-linear pressure dependencies of different signs and
values �RFeAs�O1−xFx� �Refs. 22 and 24��. The negative,
rather large, pressure derivative of Tc observed in
�Ba0.55K0.45�Fe2As2 is well within the range of the available
data for oxygen-containing RFeAs�O1−xFx�. If compared
with the literature data for pure BaFe2As2 �Ref. 11� it appears
to be no simple, universal chemical/physical pressure scaling
for pure and doped BaFe2As2.

Composite P-T phase diagrams for three parent com-
pounds, AFe2As2 �A=Ba, Sr, and Ca�, appear to be remark-
ably similar in having structural �antiferromagnetic� phase-
transition line with a negative slope and in either having
clear or possible emergence of a superconducting state.

The results above suggest several extensions: �i� exten-
sion of electrical transport and x-ray/neutron-scattering mea-
surements to 50–100 kbar range in search for a tetragonal to
“collapsed” tetragonal structural phase-transition line in
AFe2As2 �A=Ba and Sr�; �ii� low temperature, thermody-
namic, and transport measurements in SrFe2As2 under pres-
sure to understand the nature of the T� anomaly and to con-
firm or refute the existence of pressure-induced supercon-
ductivity in this material; �iii� detailed study of pressure de-
pendencies in K-doped materials with several values of K
concentrations, if these samples can be reproducibly grown
in single-crystal form; and �iv� high-field studies in Hc2�T�
under pressure.
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