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Abstract The lattice critical response in REFeAsO (RE =
Pr, Nd and Sm) oxypnictides near the orthorhombic-totetrahedral structural phase transition is studied using ultrahigh-resolution X-ray diffraction in the temperature range 4
to 250 K. The critical exponent of the structural phase transition β is found to decrease with decreasing RE size. The
β values determined to be 0.212, 0.209 and 0.194, respectively, for PrOFeAs, NdOFeAs and SmOFeAs. Temperature
hysteresis is observed for all the REFeAsO, with T being
of the order of 2 to 3 K. The results are discussed in the
frame of Fermi surface nesting induced structural transition
in the pnictides.
Keywords High-temperature superconductivity ·
Pnictides · Structural phase transition · Powder diffraction

1 Introduction
The recent discovery of high-temperature superconductivity (HTS) in the iron pnictides [1] has provided a new
class of materials for the search of the physical mechanism that allows a quantum coherent condensate to avoid
the effects of temperature decoherence. The discovery of
HTS in LaO1−x FeAsFx was soon followed by the discovery of a different class of superconducting iron-based compounds, among which the quaternary systems “1111” [2,
3] (REFeAsO, RE stands for rare earth) and ternary “122”
(AFe2 As2 , A stands for Ba, Ca, Sr, etc.) systems are the
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most investigated. Superconductivity arises in the 1111 systems by the partial fluorine substitution for the oxygen [1],
or by the creation oxygen defects [2]. On the other hand,
substitution of Fe by K, Ni, etc. is found to result in the
superconducting transition in the 122 systems. Interestingly,
in both cases, the bulk superconductivity appears by the suppression of the long-range magnetic ordering of the parent
compounds. But in several cases complete suppression of
the magnetic ordering is not necessary for the appearance of
superconductivity (SC) and we have co-existing magnetism
and superconductivity. The parent compounds, which do not
show the SC, show a structural transition from the room temperature tetragonal to orthorhombic structure [4–8]. In the
1111 system, the structural and magnetic transitions do not
coincide, whereas the structural and magnetic transitions coincide in the 122 systems. There are several reports available
on the structural phase transition in these systems, however,
several open questions still remain. For example, consensus
has not been reached on the order of the phase transition
and its implications. Superconductivity has been induced by
oxygen defects in the fluorite spacers in iron-based oxypnictides Sm[O1 − x]FeAs, Nd[O1 − x]FeAs and Pr[O1 − x]FeAs with the maximum critical temperature being 43, 51.9
and 52 K, respectively [2]. Oxygen defects induce electron
doping of the Fe derived bands crossing the Fermi level and
the electronic/magnetic structure is very sensitive to different atomic substitutions and rare-earth (RE) ions [9–12].
The change of the RE atomic radius induces a change of
the elastic misfit strain between the superconducting Fe layers and the intercalated layers [13, 14], like in cuprates, and
diborides [15–17]. The multi-layer architecture, a common
feature of cuprates, diborides and pnictides, underlines the
relevance of lattice effects for high-temperature superconductivity. The structure of the iron pnictide superconductors
with Q = 1, layers
is made of a superlattice of [FeAs]−Q+δ
∞

1202

J Supercond Nov Magn (2011) 24: 1201–1205
+Q−δ

intercalated by spacers (oxide layers like [LnFy O1−y ]∞
+Q−δ
or [LnFO1−y ]∞
in the “1111” family or metallic atomic
+Q−δ
+2
)
in the “122” family, and therelayers [(A1−x B+1
x 1/2 ]∞
fore they represent practical realizations of a ‘heterostructure at the atomic limit (HsAL)’ that was described to be
the essential material architecture for the emergence of HTS
[18]. All of them contain a characteristic layer of FeAs layers made of a tetrahedral network (with As atoms located at
the apical sites of the tetrahedron) corresponding to the featured planar CuO2 plane in cuprates and honey-comb 2D
lattice of boron in diborides. These results have recently
been applied to design a new heterostructure at the atomic
limit for functional materials [19]. In pnictides, EXAFS and
XANES [20–24] measurements have shown the local lattice
fluctuations like in cuprates [25].
It has been found that the Fe–As bond length hardly
shows any change, suggesting the strongly covalent nature
of this bond, while the Fe–Fe and Fe–Re bond lengths decrease with decreasing rare-earth size. In support of the important role played by the local structure, transmission electron microscopy (TEM) showed in REFeMO (R = La, Nd;
M = As, P) materials complex structural transitions in both
crystalline symmetry and local microstructural features [26].
The crystalline structural order has been studied in pnictides
by high-resolution synchrotron X-ray diffraction measurements on powder samples of REFeAsO (Re = Pr, Nd, Sm)
synthesized by conventional solid-state reaction method [2].
The structural instability due to the proximity to a structural phase transition is accompanied by a magnetic instability as reported in Sm[O1−x Fx ]FeAs by several transport
properties measurements, in NdOFeAs and PrOFeAs by polarized and unpolarized neutron diffraction. In SmOFeAs,
NdOFeAs and PrOFeAs the tetragonal–orthorhombic phase
transition is found on cooling below 135, 136 and 150 K,
respectively [27–29]. This transition precedes magnetic ordering in the parent R-1111 compounds, whereas both transitions occur simultaneously in AFe2 As2 . However, still we
need more experiments on single crystals and powders using
the same experimental setup for a more complete picture on
the issue and the discussion is still open.

beamline X04SA of the SLS facility at Paul Scherrer Institute (PSI), Villigen, Zurich. The angular acceptance of
the beamline is 0.23 mrad vertical by 2.5 mrad horizontal.
In the monochromatic mode, the energy resolution is determined by the Si 111 monochromating crystals to be 0.014%.
A helium cryostat allows us to study a range of temperature
from 4 K to room temperature. High angular and temperature (0.5 K) resolution allows a good estimate of the critical
exponents of order parameters of these systems.
Data analysis was performed with the GSAS suite of Rietveld analysis programs. All systems at room temperature
has a tetragonal structure (T) and their unit cell belongs to
space group P4/nmm [2, 3, 14]. With decreasing temperature, as already noted, these systems show a structural transition, and their unit cell becomes orthorhombic (O) with
space group Cmma. Many high-resolved profiles have been
collected at numerous temperatures between 300 and 4 K
over a shorter angular range (2θ between 1° and 50° with a
wavelength of 0.495926 Å. Ultra-high-resolution X-ray diffraction allows us to better evaluate the structural transition
temperature (Ts ) in different samples. The peak (220)T of
the tetragonal structure splits below Ts , into the (400)O and
(040)O reflections of the Cmma orthorhombic phase. Three
3D color plots of the structural transition for the Pr, Nd and
Sm parent compound samples have been reported in Fig. 1.
Figure 2 shows the evolution of the crystallographic axes
a and b as a function of temperature for the 1111 systems.
We agree with previous studies but compared with those earlier reports, the high angular and temperature (0.5 K) resolution used in the present study allows a better estimate of
the critical exponents of order parameters of these systems.
The structural phase transition temperatures observed in the
present measurements are 150, 145 and 133 K, respectively,
for the PrOFeAs, NdOFeAs and SmOFeAs samples (Fig. 2).

2 Results
Here we report a systematic high-resolution synchrotron Xray diffraction study on the structural phase transition in
1111 pnictides samples using the parent compounds based
on Pr, Nd and Sm. The order parameter, β, describing the
power-law divergence measured for the above three 1111
systems, shows an interesting rare-earth size dependence.
β is found to increase with decreasing rare-earth size.
The samples were contained in a 0.5 mm diameter silica capillaries. The high-resolution synchronous X-ray diffraction measurements were made at the powder diffraction

Fig. 1 3D color plots of the structural transition for the Pr (upper
panel) Nd (center panel) and Sm (bottom panel) parent compounds
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Fig. 2 The lattice constant a (b) as a function of temperature T (K).
The figure shows the characteristic structural phase transition from
tetragonal (P4/nmm) to orthorhombic (Cmma) symmetry
√ of 1111 pnictides. The a and b lattice parameters are divided by 2 at a temperature below the transition, Ts . Error bars are smaller than the size of the
symbols

The order parameter of the structural transition (OP) is
calculated by the formula OP = [(a − b)/(a + b)] · 103
where a and b are the lattice parameters of unit cell.
The critical temperature Ts measured in the warming cycle are 153, 148 and 135 K for systems containing Re = Pr,
Nd and Sm. This result measured in the same experimental
run confirms that for this set of samples the critical temperature Ts decreases by decreasing the ionic radius of the
rare-earth ions in the spacer layers: 113 pm for Pr3+ 112.3
pm for Nd3+ and 109.8 pm for Sm3+ .
Figure 3 shows the comparison of the OP between the
cooling cycle and the heating one. From the figure the
presence of a small hysteresis is evident between the heating and cooling cycle. The magnitude of this hysteresis is
about T = 3 ± 1 K for PrOFeAs and NdOFeAs and while
T 2 ± 1 K for SmOFeAs. It is to be noted that the temperature during the measurements was controlled with an
accuracy much better than 0.5 K.
In Fig. 4 we have plotted the OP as a function of reduced temperature, obtained by dividing the temperature for
the Ts of each samples. We fit the data to a simple powerlaw, (1 − T /Ts )β , in order to obtain the critical exponent β̃.
The β coefficient is 0.212 for PrOFeAs 0.209 for NdOFeAs
and 0.194 for the parent compound containing Sm. These
results show that the critical exponent β decreases with
decreasing size of the rare earth (with increasing atomic
number Z). These values are consistent with that found for
LaOFeAs, which happens to be 0.22(6), a value greater than
any found for pnictides [30, 31]. This confirms the upward
trend of β coefficient increases the size of rare earth. The
values found in this work confirm a substantial difference
in the structural phase transition behavior of 1111 and 122
family of pnictides. In the latter, in fact, the critical exponent of structural transition OP is 0.988(1) for SrFe2 As2 ,
0.112(1) for EuFe2As2 and about 0.125(6) for Ba A-122

Fig. 3 Plot showing comparison of the structural order parameter
OP = (a − b)/(a + b) · 103 in cooling (open dots) and in warming
(fill dots) cycle. Error bars are within data points (1 K). The figure
shows a small hysteresis of 3 K for both systems PrOFeAs (panel a)
and NdOFeAs (panel b) and 2 K for the SmOFeAs (panel c). The inset
shows the (200)T Bragg reflection in the cycle of cooling (black empty
circle) and the splitted (200)T in warming cycle (red filled circle) at the
same transition temperature
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Fig. 4 Plots of the FWHM as a function of reduced temperature T /TS
on warming (red solid line) and cooling (blue solid line) for (a) PrOFeAs, (b) NdOFeAs and SmOFeAs

compound, which are not too far from 1/8, which is the expected value for a 2D-Ising model [32]. In contrast to measurements made by neutron diffraction [27], the splitting of
the peak (200)T can be resolved in two distinct peaks due to
ultra-high 2θ resolution. This allows for better evaluation of
the order parameter exponent β of the structural transition
and for resolving the hysteresis loop. The close dependence
of the β coefficient on rare-earth size emphasizes the important role of another variable, besides doping, to describe
the phase diagram of HTS pnictides like in cuprates and diborides [14].

3 Conclusions
From the comparison of 1111 and 122 families, it is clear
that the two families have different Fermi surface nesting.
The results of the present experiments further reveal that
also the β exponents of structural phase transition are different. In addition, the two families show distinct behavior
of the structural phase transition, with 1111 revealing the
structural phase transition to occur at different temperature
than the one for the spin ordering, unlike the 122 system,
in which the two temperatures coincide suggesting stronger
nesting for the 122. Apart from the above, the present results
clearly show a temperature hysteresis, albeit small, in the
1111 system, while the hysteresis in the 122 is controversial.
In any case, the observed temperature hysteresis and higher
superconducting critical temperature in the 1111 suggests
important role of correlation between the structural transition and the Fermi surface nesting.
Here it is worth discussing the recent STM/STS experiments on the Fe-pnictides showing nanostructures of dimensions about eight times the Fe–Fe distance, aligned along the
crystal a axis [33]. Indeed, the one-dimensional electronic
band structure reveals that the bottom of the band appears
not far from the Fermi level. This is clear evidence for the
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proximity to an electronic topological transition (ETT), similar to the cases of other HTS layered materials, in which
the superconductivity appears while the chemical potential
is tuned near an ETT [34–37]. In the proximity of an ETT a
Feshbach resonance (or shape resonance) of the exchangelike interband pairing is switched on and the quantum condensates become protected by the decoherence effects of
high temperature [38] as well as has been proposed for biological systems [39]. In this scenario, the physical system
is in a state with structural instability with granular [40, 41],
scale-free [42] and multigap superconductivity [43–45]. We
have studied the structural phase transition in the REFeAsO
oxypnictides using high-resolution X-ray powder diffraction. The critical exponent of the structural phase transition
order parameter β is found to show a systematic rare-earth
size dependence with the critical values of about 0.2, expected for a two-dimensional Ising model. Precise control
over the sample temperature permitted us to reveal a temperature hysteresis of about 3 ± 1 K for all the samples.
Comparing the present findings to the 122 system, we have
argued that the two systems have a different character of
structural phase transition, derived by a different Fermi surface nesting. The results are consistent with an important
role of the Fermi surface derived structural phase instability in a multiband superconductor with chemical potential
tuned near an electronic topological transition (ETT).
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