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Synthesis and properties of 12442-family superconductor1)
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We report a synthesis of two members of recently discovered high-temperature superconductors of 12442
family, with formula MCa2Fe4As4F2 (M=Rb,K) and transition temperatures of 32.7 and 34.6 K, respectively.
Quality of the samples was assessed using X-ray powder diffraction, superconducting transitions were identi-
fied through transport and magnetic experiments. The temperature dependence of the upper critical field and
vortex activation energy was investigated under magnetic fields up to 19T. Two distinct thermally activated
flux flow regimes were observed in both systems. Field dependences of activation energy U0(H) indicate a
change in the properties of vortex matter in these regimes and distinctly different dissipation mechanisms,
reminiscent of cuprate HTSC.
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Iron-based superconductors (IBSCs) remain a dy-

namic field of research, particularly due to the dis-

covery of new stoichiometric self-doped classes such as

1144 and 12442. This study presents a comprehensive

examination of the synthesis pathways for novel iron-

based superconductors within the 12442 class, alongside

their characterization and an in-depth analysis of vortex

states within the framework of thermally activated flux

flow (TAFF) theory. Our findings reveal that the activa-

tion energy for the KCa2Fe4As4F2 and RbCa2Fe4As4F2

systems exhibits two distinct TAFF regimes, each char-

acterized by unique field dependencies: a power-law be-

havior at higher temperatures and a logarithmic de-

pendence at lower temperatures. This behavior indi-

cates a dimensional crossover from three-dimensional

to two-dimensional vortex liquid, reminiscent of high-

temperature superconducting cuprates.

Experimental details. Transport measurements

were conducted using Cryogenic CFMS-16 and 21 T

systems, in magnetic fields up to 19 T. Magnetic ac-

susceptibility characterization was carried out with

MPMS XL-7 SQUID magnetometer. Current-voltage

characteristics (IVCs) were obtained in a helium cryo-

stat in the temperature range 2–40 K with variable

temperature insert, ensuring temperature stabilization

within ± 0.01 K, and using a custom-made low noise

variable gain amplifier. For crystal structure and phase

composition analysis by X-ray diffraction (XRD) we

used a Rigaku MiniFlex 600 with Cu–Kα radiation in
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the 10–90 2θ angle region. The XRD patterns were an-

alyzed employing the PDF-4+ database, Jana2006 soft-

ware, and the Rietveld method for determining cell pa-

rameters.

Synthesis. Bulk samples of KCa2Fe4As4F2 and

RbCa2Fe4As4F2 were synthesized using cryogenic me-

chanical grinding and solid-state reaction method. The

initial reagents including K, Rb, Ca, As pieces, FeF3

powder, and the powder of pre-synthesized FeAs were

mixed in a stoichiometric ratio 3:6:2:2:10. The cell pa-

rameters, determined by XRD are: a = 3.8656(4),

c = 30.997(4) Å with R = 5.76% (here, R is a com-

monly used measure of agreement between the ampli-

tudes of the structure factors calculated from a crys-

tallographic model and those from the original X-ray

diffraction data) for the KCa2Fe4As4F2 sample and

a = 3.86978(18), c = 31.6396(14) Å (R = 7.67%), for

the RbCa2Fe4As4F2 sample. Our XRD data is in a good

agreement with the data reported in literature [1–3].

Results and discussion. The superconducting critical

temperature values at zero magnetic field were found to

be Tc = 32.7K for RbCa2Fe4As4F2 and Tc = 34.6K for

KCa2Fe4As4F2. From resistive measurements in mag-

netic fields up to 19 T we obtained the temperature de-

pendence of the upper critical field, Hc2(T ) (Fig. 1a, c).

Using the single-band Werthamer–Helfand–Hohenberg

(WHH) theory [4] in the dirty limit, we estimated the

zero-field values of Hc2(0) to be 97 and 129 T, for

RbCa2Fe4As4F2 and KCa2Fe4As4F2 respectively.

A notable broadening of the superconducting tran-

sition suggests that there are significant thermal fluc-

tuations in the system. The behavior of the vortex sys-

tem, as described by the TAFF model [5], shows two
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Fig. 1. (Color online) (a), (b) – Resistive transitions in dif-
ferent magnetic fields (inset shows the Hc2(T ) behavior)
and Arrhenius plot (inset shows activation energy U0(H)

field dependence) for RbCa2Fe4As4F2. Hexagons indicate
crossover temperature from high (indicated by h) and low
(indicated by l) temperature TAFF regions. (c), (d) – Re-
sistive transitions in different magnetic fields (inset shows
the Hc2(T ) behavior) and Arrhenius plot (inset shows acti-
vation energy U0(H) field dependence) for KCa2Fe4As4F2.
Hexagons indicate the crossover temperature

linear regions in the ln ρ vs. 1/T plot, each with differ-

ent slopes. Furthermore, the field-dependent activation

energy U0(H), calculated from the Arrhenius plot, re-

vealed two distinct dependencies on magnetic field: one

following a power law and the other showing a logarith-

mic behavior (Figs. 1b, d). The presence of logarithmic

behavior is commonly associated with low dimensional-

ity in the vortex system and has been observed in var-

ious two-dimensional (2D) [6, 7] and quasi-2D systems

[8]. We believe that the behavior of the activation en-

ergy is influenced by the appearance of edge dislocations

or the emergence of vortex-antivortex pairs, similar to

highly anisotropic cuprates.

There are two basic pinning mechanisms in type-

II superconductors. The first is the pinning due to the

randomly distributed spatial variations in the transi-

tion temperature Tc, commonly referred to as “δTc pin-

ning”. The second pinning mechanism relates to spatial

fluctuation of the charge-carrier mean free path, and is

known as “δl pinning”. These two pinning mechanisms

demonstrate distinct dependencies of critical current on

temperature in the single vortex-pinning regime. The

temperature dependencies of the critical current den-

sity, Jc(T ), for the two studied systems exhibit similar

shape and are more accurately characterized by the δTc

pinning model.

Conclusion. We presented a systematic synthesis of

bulk samples of the 12442 phase using a combination of

cryogenic mechanical grinding and solid-state reaction

methods. The synthesis methods described in the liter-

ature yield satisfactory results only for compounds con-

taining calcium in the MCa2Fe4As4F2 system. In con-

trast, compounds involving rare earth metals (such as

Sm and Dy) could not be successfully synthesized using

similar methods. The obtained superconductor critical

parameters were consistent with those from other stud-

ies. The temperature-dependent vortex activation en-

ergy revealed two distinct thermally activated flux flow

regimes in both systems. The field dependencies of the

activation energy U0(H) suggest a shift in the charac-

teristics of vortex matter in these regimes, indicating a

dimensional crossover from 3D to 2D vortex liquid, rem-

iniscent of copper-based high temperature superconduc-

tors.
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