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Create a Dancing Hall for Pairing Superconducting 
Quasiparticles
In BCS-style s-wave superconductors, Cooper pairs are often likened to dancing couples who 
circle each other. Clarifying the effect of extra Fe for paring quasiparticle with high resolution 
powder X-ray diffraction can enable to resolve the origin of superconductivity in Fe-pinictides.

C uprates and Fe-based high Tc superconductors 
turn superconducting when their parent com-

pounds are properly doped. The similarity of these 
superconductors, in which superconductivity emerges 
with the suppression of competing phases, has cre-
ated the possibility for a unified picture of high tem-
perature superconductivity. Iron-based superconduc-
tors have either FeAs or FeSe layers, just as the CuO2 
layers are the crucial ingredients for superconduc-
tivity. It is generally believed that the quasi-2D char-
acteristics of these active layers and the proximity to 

magnetically ordered states induce superconductivity 
via unconventional pairing in these high Tc materials. 
However, the parent compounds of the Fe-pnictide 
superconductors are metallic with spin-density wave 
antiferromagnetic order and with complex underly-
ing electronic structure. This fact, in contrast to the 
Mott insulators in the cuprates, establishes an import-
ant difference between cuprates and pnictides.

Earlier studies of FeSe superconductor considered this 
material to be Se deficient so that the exact super-
conducting stoichiometry was Fe1.01Se. Superconduc-
tivity in FeSe was found to be closely associated with 
a structural transition, which accompanies a strongly 
enhanced spin fluctuation near Tc. More spectro-
scopic studies suggested modification of the d-or-
bital-induced pseudogap might be the cause for the 
structural distortion, which is essential for supercon-
ductivity. Later studies indicate that there exists a par-
ent compound, which in contrast to having excess Fe 
is actually Fe deficient and is a Mott insulator. These 
observed facts might strongly indicate superconduc-
tivity emerges as Fe vacancy becomes disordered.

To understand the origin of Fe vacancy to supercon-
ductivity in Fe-pnictide superconductors, Maw-Kuen 

Fig. 1: Evolution of the temperature-dependent X-ray powder diffraction pattern of (a) K1.9Fe4.2Se5. Refined lattice parameters of 
K1.9Fe4.2Se5 is displayed in (b). The disordered phase shows that the c axis is compressed, and ab plane is expanded. (c) shows the 
schematic of mix structure, which includes both ordered and disordered phases. [Reproduced from Ref. 1]
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Wu (Academia Sinica), Hwo-Shuenn Sheu (NSRRC), 
Jey-Jau Lee (NSRRC) and their teams investigated the 
effect of annealing conditions to superconductivity 
better.1 With high-resolution X-ray diffraction (XRD) 
techniques and in situ high-temperature dependent 
measurements at TPS 09A, TLS 01C2 and TLS 17A1, 
authors investigated a detailed systematic study on a 
series of samples with stoichiometry K2-xFe4+ySe5 with 
varied annealing temperatures. The XRD pattern and 
relevant magnetic susceptibility of three K2-xFe4+xSe5 
samples with x ranging from 0.1 to 0.2 were mea-
sured. With reducing K content, no diamagnetic 
signal was observed in K1.8Fe4.2Se5, so superconductiv-
ity might originate from this extra KzFe2Se2 phase. In 
addition, diamagnetic signal in K1.9Fe4.2Se5 disappears 
for an annealing and quenching process at 650 °C, 
but has high volume superconducting signal. Because 
the X-ray diffraction patterns for both samples are al-
most the same, that implies there are more subtleties 
regarding the correlation between crystal structure 
and superconductivity in this system. 

To solve the puzzle of the effect of possible Fe vacan-
cy, detailed XRD diffraction pattern with temperature 
dependent condition was conducted for the first time 
in excess-Fe K1.9Fe4.2Se5. A transition from the Fe va-
cancy order to disorder state occurred at 275 °C from 
the measured temperature dependent X-ray power 
diffraction pattern. Below the transition temperature, 
the material exhibits clearly the Fe vacancy order of 
I4/m symmetry with √5 × √5 superlattice; and above 
the order temperature, the crystal symmetry seems 
to fit well to I4/mmm symmetry. The data for sam-
ples were found to best fit with two different sets of 
parameters, one with Fe vacancy ordered and the 
other disordered Fe vacancy, under the same I4/m 
symmetry. Based on the above observations, one 
might expect even in the stoichiometry 245 sample 
to observe that Fe atoms occupied the empty 4d site 
if the sample has been treated at high-enough tem-
perature so that Fe atoms could hop around, which 

maintains the crystal lattice (size) and plays a key role 
for the emergence of superconductivity. Based on 
experimental observations, authors can further con-
firm that superconductivity in K2-xFe4+ySe5 is not due to 
the impurity phase K0.5Fe2Se2, but can also attribute to 
the random occupation of Fe atom in the lattice. This 
discovery suggests that a subtler high-temperature 
structural distortion might be closely related to the 
appearance of superconductivity.

In summary, Wu demonstrated a first time detailed 
X-ray diffraction experiment over a wide range of 
temperature, he showed that the superconducting 
K2-xFe4+ySe5 samples with excess Fe atoms exhibit the 
same structure with I4/m symmetry throughout the 
whole temperature range. The experimental result 
reveals that the presence of impurity phase associ-
ated with the I4/mmm symmetry, actually were the 
signatures of the original empty Fe-4d sites occupied 
by the excess Fe atoms. The occupation of the Fe-4d 
site and an eventual more random distribution of the 
Fe atom are critical to the emergence of supercon-
ductivity. The finding provides further evidence that 
the random occupation of the original vacant site is 
the key to superconductivity in Fe-pnictide supercon-
ductors. (Reported by Cheng-Maw Cheng).

This report features the work of Maw-Kuen Wu, Hwo-
Shuenn Sheu, Jey-Jau Lee and their collaborators pub-
lished in Proc. Natl. Acad. Sci. USA 116, 1104 (2019).

TPS 09A  Temporally Coherent X-ray Diffraction
TLS 01C2  SWLS – X-ray Powder Diffraction
TLS 17A1  W200 – X-ray Powder Diffraction
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