
This is the accepted manuscript made available via CHORUS. The article has been
published as:

Unravelling the mechanism of the semiconducting-like
behavior and its relation to superconductivity in

(CaFe_{1−x}Pt_{x}As)_{10}Pt_{3}As_{8}
Run Yang, Yaomin Dai, Jia Yu, Qiangtao Sui, Yongqing Cai, Zhian Ren, Jungseek Hwang,

Hong Xiao, Xingjiang Zhou, Xianggang Qiu, and Christopher C. Homes
Phys. Rev. B 99, 144520 — Published 23 April 2019

DOI: 10.1103/PhysRevB.99.144520

http://dx.doi.org/10.1103/PhysRevB.99.144520


Unravelling the mechanism of the semiconducting-like behavior and its relation to
superconductivity in (CaFe1−xPtxAs)10Pt3As8

Run Yang,1, 2, 3 Yaomin Dai,4 Jia Yu,1, 3 Qiangtao Sui,1, 3 Yongqing Cai,1, 3 Zhian Ren,1, 3, 5 Jungseek

Hwang,2, 6 Hong Xiao,7 Xingjiang Zhou,1, 3, 5 Xianggang Qiu,1, 3, 5, ∗ and Christopher C. Homes2, †

1Beijing National Laboratory for Condensed Matter Physics,
Institute of Physics, Chinese Academy of Sciences, Beijing 100190, China

2Condensed Matter Physics and Materials Science Division,
Brookhaven National Laboratory, Upton, New York 11973, USA

3School of Physical Sciences, University of Chinese Academy of Sciences, Beijing 100049, China
4Center for Superconducting Physics and Materials,

National Laboratory of Solid State Microstructures and Department of Physics, Nanjing University, Nanjing 210093, China
5Collaborative Innovation Center of Quantum Matter, Beijing 100084, China

6Department of Physics, Sungkyunkwan University, Suwon, Gyeonggi-do 16419, Korea
7Center for High Pressure Science and Technology Advanced Research, Beijing 100094, China

(Dated: April 3, 2019; version 6)

The temperature-dependence of the in-plane optical properties of (CaFe1−xPtxAs)10Pt3As8 have
been investigated for the undoped (x = 0) parent compound, and the optimally-doped (x = 0.1)
superconducting material (Tc ' 12 K) over a wide frequency range. The optical conductivity
has been described using two free-carrier (Drude) components, in combination with oscillators to
describe interband transitions. At room temperature, the parent compound may be described by a
strong, broad Drude term, as well as a narrow, weaker Drude component. Below the structural and
magnetic transitions at ' 96 and 83 K, respectively, strength is transferred from the free-carrier
components into a bound excitation at ' 1000 cm−1, and the material exhibits semiconducting-like
behavior. In the optimally-doped sample, at room temperature the optical properties are again
described by narrow and broad Drude responses comparable to the parent compound; however,
below T ∗ ' 100 K, strength from the narrow Drude is transferred into a newly-emergent low-energy
peak at ' 120 cm−1, which arises from a localization process, resulting in semiconducting-like
behavior. Interestingly, below Tc, this peak also contributes to the superfluid weight, indicating
that some localized electrons condense into Cooper pairs; this observation may provide insight into
the pairing mechanism in iron-based superconductors.

PACS numbers: 72.15.-v, 74.70.-b, 78.30.-j

I. INTRODUCTION

The discovery of iron-based superconductors has
prompted in an intensive investigation of this class of
materials in the hope of discovering new compounds
with high superconducting critical temperatures (Tc’s)
[1–3]. In both iron-based superconductors (FeSCs) and
cuprates, a variety of unusual normal-state phenomena
are observed that are believed to have an important con-
nection to the superconductivity (SC) [4, 5]. In the
optimally-doped cuprates the resistivity often shows a
peculiar non-saturating linear temperature dependence
that at high temperature may violate the Mott-Ioffe-
Regel limit [6], leading it to be described as a marginal
Fermi liquid [7]. A pseudogap develops in underdoped
regime well above the critical temperature (Tc) [8], which
has been interpreted as evidence for preformed Cooper
pairs without global phase coherence [9–11]; on the other
hand, competing orders, such as charge-ordered states,
have also been proposed as the origin of this feature [12].
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In FeSCs, one of the most interesting phenomena in the
normal state is the emergence of nematicity, or rotational
symmetry breaking of the electronic states [13]; however,
its origin and relation to the superconductivity in these
materials is still uncertain [5].

The (CaFe1−xPtxAs)10Pt3As8 (Ca 10-3-8) materials
exhibit some rather interesting properties. The unit cell
of the undoped parent compound is shown in Fig. 1(a);
the conducting Fe–As layers are separated by Ca atoms
and insulating Pt3As8 layers, resulting in an inter-layer
distance as large as 10.6 Å. Transport measurements
indicate this material is highly two dimensional (2D)
[14]. The phase diagram [Fig. 4(a) of Ref. 15] indi-
cates that the parent compound is an antiferromagnetic
(AFM) semiconductor; the resistivity and other experi-
mental probes [16–19] indicate that this material under-
goes structural and magnetic transitions at Ts ' 96 K
and TN ' 83 K, respectively. Through the application
of pressure, or by doping Pt on the Fe site (electron dop-
ing), the AFM order is suppressed, and superconductiv-
ity emerges with a maximum Tc ' 12 K in the optimally-
doped material [20]. However, the semiconducting-like
behavior still remains (resistivity increases upon cooling)
above the AFM and SC dome [14, 15], which is reminis-
cent of the pseudogap-like behavior in cuprates [9]. In-
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Figure 1. (a) The triclinic unit cell of (CaFe1−xPtxAs)10-
Pt3As8 showing the Fe–As layers separated by Ca and Pt3As8
sheets. (b) The in-plane resistivity of the x = 0 (undoped)
sample showing a semiconducting-like response at low temper-
ature. Inset: dρab/dT showing local minima at Ts and TN .
(c) The resistivity for the x = 0.1 (optimally-doped) sample,
again showing a semiconducting response at low temperature
just above Tc. The circles denoting σ1(ω → 0) ≡ σdc are in
good agreement with the transport data.

vestigating the origin of such distinct behavior and how
it evolves into a superconductor may provide insight into
the pairing mechanism in iron-based superconductors.

In this work the temperature dependence of the in-
plane optical properties of (CaFe1−xPtxAs)10Pt3As8 for
undoped (x = 0) and optimally-doped (x = 0.1) samples
is investigated. The real part of the optical conductiv-

ity is particularly useful as it yields information about
the free-carrier response and interband transitions; in the
zero-frequency limit, the dc conductivity is recovered, al-
lowing comparisons to be made with transport data. The
optical properties suggest that the semiconducting-like
behavior in the parent compound likely originates from
AFM order that leads to a reconstruction of the Fermi
surface and a decrease in the carrier concentration. In the
optimally-doped sample, torque magnetometry indicates
superconducting fluctuations well above Tc, suggesting
that this material may not be homogeneous. Along with
the semiconducting-like behavior, at low temperature we
observe the emergence of a peak in the optical conduc-
tivity in the far-infrared region, which is attributed to
localization driven by either scattering from impurities
or AFM spin fluctuations. Interestingly, below Tc, this
peak also contributes to the superfluid weight, indicating
that there is likely a relationship between magnetism and
superconductivity.

II. EXPERIMENT

High-quality single crystals of (CaFe1−xPtxAs)10-
Pt3As8 with good cleavage planes (001) were synthesized
using self-flux method [21]. The temperature dependence
of the in-plane resistivity for the undoped and optimally-
doped materials is shown in Figs. 1(b) and 1(c), respec-
tively. At room temperature, the resistivity of both mate-
rials is comparable. In the undoped material, ρab exhibits
relatively little temperature dependence until ' 150 K,
below which it exhibits a semiconducting response, in-
creasing gradually, with inflection points at TN ' 83 and
Ts ' 96 K, shown in the inset of Fig. 1(b). The re-
sistivity of the doped material initially decreases as the
temperature is reduced and then undergoes a slight up-
turn resulting in a broad minimum at about 100 K; below
Tc ' 12 K the resistivity abruptly drops to zero. The re-
flectance from freshly-cleaved surfaces has been measured
over a wide temperature (∼ 5 to 300 K) and frequency
range (∼ 2 meV to about 5 eV) at a near-normal angle
of incidence for light polarized in the a-b planes using an
in situ evaporation technique [22]. The complex optical
properties have been determined from a Kramers-Kronig
analysis of the reflectivity. The reflectivity is shown in
Supplementary Figs. S1(a) and S1(b); the details of the
Kramers-Kronig analysis are described in the Supplemen-
tary Material [23]. Magnetic torque measurements have
also been performed on the optimally-doped material.

III. RESULTS AND DISCUSSION

The temperature dependence of the real part of the
in-plane optical conductivity [σ1(ω)] is shown in the in-
frared region for the undoped and doped compounds
in Figs. 2(a) and 2(b), respectively; the conductivity is
shown over a much broader frequency range in the in-
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Figure 2. The temperature dependence of the real part of the
optical conductivity in the a-b planes of (CaFe1−xPtxAs)10-
Pt3As8 for (a) x = 0, and (b) x = 0.1; the insets show the
optical conductivity at several temperatures over a wide fre-
quency range.

sets. Several sharp features in the conductivity are ob-
served at ' 150 and 250 cm−1, which are attributed to
infrared-active lattice vibrations. The extrapolated val-
ues for the dc resistivity [σ1(ω → 0) ≡ σdc, circles in
Figs. 1(b) and 1(c)] are essentially identical to the resis-
tivity, indicating the excellent agreement between optics
and transport measurements.

The FeSCs are multiband materials; a minimal descrip-
tion consists of two electronic subsystems using the so-
called two-Drude model [24] with the complex dielectric
function ε̃ = ε1 + iε2,

ε̃(ω) = ε∞−
2∑

j=1

ω2
p,D;j

ω2 + iω/τD,j
+
∑
k

Ω2
k

ω2
k − ω2 − iωγk

, (1)

where ε∞ is the real part at high frequency. In the first
sum ω2

p,D;j = 4πnje
2/m∗j and 1/τD,j are the square of

the plasma frequency and scattering rate for the delo-
calized (Drude) carriers in the jth band, respectively,

and nj and m∗j are the carrier concentration and effec-
tive mass. In the second summation, ωk, γk and Ωk

are the position, width, and strength of the kth vibra-
tion or bound excitation. The complex conductivity is
σ̃(ω) = σ1 + iσ2 = −2πiω[ε̃(ω) − ε∞]/Z0 (in units of
Ω−1cm−1); Z0 ' 377 Ω is the impedance of free space.
The model is fit to the real and imaginary parts of the
optical conductivity simultaneously using a non-linear
least-squares technique.

A. Parent compound (x = 0)

At room temperature the optical conductivity in
Fig. 2(a) has a metallic character, with a Drude-like free
carrier response superimposed on a flat, nearly incoher-
ent background. The results of the two-Drude model fit
at 150 K is shown in Fig. 3(a); the conductivity may be
described by a free-carrier response consisting of a nar-
row Drude term that reflects the coherent response, and a
much stronger, broad Drude component that corresponds
to a nearly incoherent background; several Lorentzian os-
cillators are included to describe the bound excitations
(interband transitions) at higher energies [Fig. 2(a)]. As
the temperature is lowered, the low-frequency conduc-
tivity is suppressed and a broad peak develops in the
mid-infrared region. The results of the model fit at 10 K
are shown in Fig. 3(b); while the broad Drude has been
reduced slightly in strength, the narrow Drude is strongly
suppressed and a strong peak centered at ' 1000 cm−1

has emerged.
The temperature dependencies of the scattering rates

and the plasma frequencies of the narrow and broad
Drude terms are shown in Figs. 3(c) and 3(d), respec-
tively. As the temperature is reduced, the scattering rate
for the broad Drude term shows a weak temperature de-
pendence; however, for T . Ts, TN , it undergoes a dra-
matic reduction from about ' 1600 to ' 1000 cm−1. In
contrast, the scattering rate for the narrow Drude term
has a strong temperature dependence, decreasing from
' 660 cm−1 at room temperature to ' 180 cm−1 at
100 K, below which it decreases rapidly to ' 80 cm−1

at low temperature. The temperature dependence of the
plasma frequencies tells a similar story. As the tempera-
ture is reduced, the plasma frequency of the broad Drude
term is essentially constant; however, for T . Ts, TN it
undergoes a dramatic reduction, losing roughly 50% of
its strength (∝ ω2

p,D;i). At the same time, a broad peak
of roughly equal strength appears in the mid-infrared re-
gion; as the temperature is further reduced, the strength
of both features remains unchanged. The narrow Drude
initially shows little temperature dependence, but below
about 200 K it begins to decrease uniformly with temper-
ature, showing only a slight discontinuity at the struc-
tural and magnetic transitions, ultimately losing over
90% of its original strength at low temperature. Even
though the coherent component is losing strength with
decreasing temperature, the commensurate decrease in
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Figure 3. The Drude-Lorentz model fits to σ1(ω) of the Ca 10-3-8 undoped parent compound at (a) 150 K and (b) 10 K,
decomposed into the narrow (D1) and broad (D2) Drude components, as well as several bound excitations; the peak that
emerges below Ts ' 96 K, TN ' 83 K (dashed lines) has been fit using a Lorentzian line shape. (c) The temperature dependence
of the scattering rates for the narrow and broad Drude components. (d) The plasma frequency for the narrow and broad Drude
components, the oscillator strength of the mid-infrared peak, and the total of all three contributions.

the scattering rate results in a slight decrease in the re-
sistivity [Fig. 1(b)], until ' 150 K, below which the resis-
tivity begins to increase.

These trends may also be observed in the behavior of
the spectral weight. The spectral weight is defined here
as

W (T ) =
Z0

π2

∫ ωb

ωa

σ1(ω, T ) dω, (2)

over the ωa−ωb interval. As the temperature is lowered,
spectral weight is transferred from high to low frequency
as the scattering rates decrease, shown in Fig. 4(a). This
trend is gradually reversed below ' 150 K with spectral
weight now transferred from below 600 cm−1 to a broad
peak centered at ∼ 1000 cm−1.

The f -sum rule requires that the sum of the squares of
the plasma frequencies, ω2

p,tot = ω2
p,D1 + ω2

p,D2 + Ω2
peak,

should remain constant. This is indeed the case, as shown
in Fig. 3(d), so it may be inferred that below Ts and TN ,
strength is transferred from both the coherent and in-
coherent bands into the mid-infrared excitation. This

type of behavior is widely observed in most parent com-
pounds of the FeSCs [25, 26] and is attributed to the for-
mation of a spin-density-wave-like (SDW) gap [27] and
subsequent reconstruction of the Fermi surface [28] re-
sulting in low-energy interband transitions that lie in the
infrared region. Interestingly, the coherent component
begins to lose strength well above the structural and mag-
netic transitions [Figs.3(d) and 4(a)]. The parent mate-
rial is highly 2D [29], the interlayer magnetic coupling is
very weak, and is easily destroyed by doping [20]. Before
three dimensional (3D) long-range AFM order can be
established, intralayer 2D short-range AFM fluctuations
are present [30, 31]. As a result, the semiconducting-like
behavior above TN may be regarded as the precursor to
AFM order.

B. Optimally-doped compound (x = 0.1)

In the optimally-doped sample, shown in Fig. 2(b),
the optical conductivity exhibits metallic behavior above
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∼ 100 K, although its temperature dependence is rather
weak, with spectral weight being gradually transferred
from high to low frequency. Below 100 K, the spectral
weight below 100 cm−1 is gradually suppressed while the
spectral weight below 600 cm−1 remains constant, sug-
gesting that the missing weight is being transferred to the
100− 600 cm−1 region [Fig. 4(b)], with the formation of
a new absorption peak at ' 120 cm−1. At the same
time, the low-frequency conductivity is also decreasing,
corresponding to the semiconducting-like response be-
low 100 K [Figs. 1(c) and 2(b)]. Upon entry into the
superconducting state, the optical conductivity in the
low-energy region is almost completely suppressed, with
σ1(ω) ' 0 below ∼ 20 cm−1, signalling the opening of a
nodeless superconducting energy gap [32].

1. Normal state

The results of the fits using the two-Drude model to the
conductivity of the optimally-doped sample at 150 and
15 K are summarized in Figs. 5(a) and 5(b), respectively.
As observed in the parent compound, at room temper-
ature the conductivity may be described by narrow and
broad Drude terms; several Lorentzian oscillators are in-
cluded to describe the bound excitations (interband tran-
sitions) at higher energies [Fig. 2(b)]. Below 100 K, the

decrease in intensity of the narrow Drude component is
accompanied by the formation of a peak at ' 120 cm−1

[Fig. 5(b)], which has been fit using a Lorentzian line
shape. The temperature dependencies of the scatter-
ing rates and plasma frequencies are shown in Figs. 5(c)
and 5(d), respectively. By tracking the strengths of the
plasma frequencies of the Drude terms, we note that be-
low T ∗ ' 100 K the plasma frequency of the narrow
Drude is suppressed while the strength of the new peak
is gradually enhanced [Fig. 5(d)]; the broad Drude term
displays little temperature dependence above or below
T ∗. The conservation of spectral weight again requires
that ω2

p,tot = ω2
p,D1 + ω2

p,D2 + Ω2
peak should remain con-

stant, which is indeed the case in Fig. 5(d). Thus, be-
low T ∗, some of the coherent response (narrow Drude)
is transferred to the new peak in the optical conductiv-
ity, resulting in a reduced σdc and semiconducting-like
behavior.

The evolution of the low-energy peak may also be
described using a simple classical generalization of the
Drude (CGD) formula in which the faction of the carriers
velocity that is retained after a collision [33]. While many
collisions may be considered, in the single-scattering ap-
proximation the complex conductivity is written as

σ̃(ω) =

(
2π

Z0

)
ω2
pτ

(1− iωτ)

[
1 +

c

(1− iωτ)

]
, (3)

where c is the persistence of velocity that is retained for a
single collision. This model has the interesting attribute
that for c = 0 a simple Drude is recovered, while for
c = −1 the carriers are completely localized in the form
of a Lorentzian oscillator with a peak at ωτ = 1, width
2/τ , and an oscillator strength that is identical to the
plasma frequency (Supplemental Material). The real and
imaginary parts of the optical conductivity have been fit
between 15 and 125 K using the two-Drude model with
the provision that the narrow Drude component is re-
placed by the expression in Eq. (3). At 125 K, the fit
is identical to that of the two-Drude model, returning
c = 0 (pure Drude). Fits below 100 K reveal an increas-
ingly negative value for c = −0.26, -0.49, -0.41, -0.51, and
−0.61 ± 0.05 at 100, 75, 50, 30, and 15 K, respectively.
Interestingly, the plasma frequency for the narrow Drude
is now roughly constant, with ωp,D1 ' 5200± 500 cm−1,
which is essentially identical to the values returned from
the two-Drude model at and above 125 K [Fig. 5(d)];
this indicates that the response of both the localized and
free carriers is now incorporated into a single plasma fre-
quency. The scattering rate is also slightly lower at low
temperatures than the values obtained using the two-
Drude model [Fig. 5(c)]. The values for the broad Drude
term are unchanged. While the overall quality of the fits
is indistinguishable from the two-Drude model, it is re-
markable that the introduction of a single new parameter
to the narrow Drude band allows both the position and
strength of the low-energy peak to be described quite
well, indicating that this peak likely arises from carrier
localization due to scattering. In addition, the value
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Figure 5. The Drude-Lorentz model fits to σ1(ω) of the optimally-doped Ca 10-3-8 at (a) 150 K and (b) 15 K, decomposed
into the narrow (D1) and broad (D2) Drude components, as well as several bound excitations; the peak that emerges at low
temperature has been fit using a Lorentzian line shape. (c) The temperature dependence of the scattering rates for the narrow
and broad Drude components for the two-Drude model, as well as that of the classical generalized Drude model (CGD) below
T ∗ ' 100 K. (d) The plasma frequency for the narrow and broad Drude components, the oscillator strength of the emergent
peak, and the total of all three contributions; in the CGD model ωp,CGD(T ≤ T ∗) ' ωp,D1(T > T ∗).

of c ' −0.6 at 15 K is consistent with the results of
the two-Drude with a Lorentzian that indicate that the
spectral weight of the narrow Drude component is split
more or less equally between free and localized carriers
at low temperature. These results are in good agreement
with recent angle-resolved photoemission spectroscopy
(ARPES) measurements, which show a clear decrease in
the size of the hole pockets below T ∗ (Supplementary
Fig. S2).

2. Superconducting state

Although there is semiconducting-like response in the
normal state, below Tc ' 12 K, the resistivity drops
to zero; such a semiconducting-like to superconducting
transition is unusual in iron-based superconductors. A
clear signature of superconducting transition is observed
in the reflectivity [Supplementary Fig. S1(b)]. In the

real part of the optical conductivity, the spectral weight
below ' 20 cm−1 is totally suppressed, indicating the
opening of a nodeless superconducting energy gap. The
Mattis-Bardeen formalism is used to describe the gap-
ping of the spectrum of excitations in the superconduct-
ing state [34, 35]. The real part of the optical conductiv-
ity is shown just above Tc by the dotted line in Fig. 6(a);
this curve is described by narrow (ωp,D1 ' 3580 cm−1,
1/τD1 ' 220 cm−1) and broad (ωp,D2 ' 10 150 cm−1,
1/τD2 ' 1500 cm−1) Drude components, as well as a
low-energy bound excitation (ω0 ' 120 cm−1, γ0 '
285 cm−1, and Ω0 ' 3660 cm−1). The data below Tc
at ' 5 K is shown by the solid line; despite the presence
of multiple bands and a weak shoulder at ' 30 cm−1,
we have chosen to simplify the analysis and model the
data with a single superconducting energy scale for both
bands, 2∆1 = 2∆2 ' 20 ± 4 cm−1 (' 2.5 ± 0.4 meV).
Note that 1/τD1 > 2∆1,2, and 1/τD2 � 2∆1,2, placing
this material in the dirty limit [36]. The gapped spec-
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except in the region of peak. (b) The superfluid weight (solid
black line) obtained from the imaginary part of ωσ2(ω) (see
Ref. 37 for details). The red and blue dashed lines are ob-
tained from the FGT sum rule [Eq. (5)].

trum of excitations for the two Drude bands, as well as
the contribution from the emergent peak, are shown by
the dashed lines in Fig. 6(a). The linear combination
of all three contributions reproduces the data quite well,
except in the region of the peak. It should be noted that
the normal-state values are not refined to fit the data
below Tc. The 5 K data may be more accurately repro-
duced by decreasing the intensity of the peak by about
20%, suggesting that some of the spectral weight of this
feature has collapsed into the condensate. The gap ra-
tio 2∆1,2/kBTc ' 2.4 falls below the BCS value of 3.5,
placing this material in the BCS weak-coupling limit

The formation of superconducting energy gap(s) below
Tc results in the loss of low-frequency spectral weight that
collapses into the superfluid condensate; the strength of
the condensate may be estimated in one of two ways. The
complex conductivity for the superfluid response may be

expressed as [38, 39]

σ̃s(ω) = σs1 + iσs2(ω) =
π2

Z0
ω2
psδ(0) +

i2πω2
ps

Z0ω
, (4)

where ω2
ps = 4πnse

2/m∗ represents the superconduct-
ing plasma frequency, ns is the superconducting carrier
density, and m∗ is an effective mass. Thus, from the
imaginary part 2πω2

ps ' Z0ωσs2(ω). Alternatively, the
difference between the low-frequency optical conductiv-
ity just above and below Tc, the so-called “missing area”,
can be analyzed using the Ferrel-Glover-Tinkham (FGT)
sum rule [40, 41]:

Z0

π2

∫ ω

0+
[σ1(ω′, T & Tc)− σ1(ω′, T � Tc)]dω

′ = ω2
ps, (5)

where the cutoff frequency ω is chosen so that the integral
converges smoothly. Both methods yield similar values of
ωps ' 2 110± 200 cm−1, shown in Fig. 6(b), resulting in

a penetration depth of λ0 = 7 500± 600 Å, in agreement
with previous µSR measurements [42].

While about half of the spectral weight of the nar-
row Drude component has been transferred to the far-
infrared absorption peak [Fig. 5(d)], as Fig. 6(a) indi-
cates, this peak is also suppressed below Tc. A key ques-
tion is: What becomes of these localized electrons? To
address this question, we have applied the FGT sum
rule by taking the difference in the optical conductiv-
ity between 15 and 5 K, and 100 and 5 K. From the
results shown in Fig. 6(b), we notice that the super-
fluid stiffness calculated with respect to 15 and 5 K con-
verge at ω ' 400 cm−1 (∼ 50 meV). However, between
100 and 5 K the integral converges much more quickly
(ω . 200 cm−1), a very unusual situation. If only the
Drude components condense into the superfluid, the re-
sults calculated between 15 and 5 K would converge more
quickly, because the Drude component is narrower at low
temperature [Figs. 5(c) and 5(d)]. Such anomalous be-
havior suggests that there is an extra component in the
100− 400 cm−1 region that contributes to the superfluid
below Tc. This implies that the newly-formed peak below
100 K contributes to the superfluid condensate. Under-
standing the origin of this peak may provide insight into
the unconventional pairing in this material.

In order to further understand the relation between
the semiconducting-like behavior and superconductivity,
we performed a magnetic torque measurement on the
optimally-doped sample (details are provided in the Sup-
plementary Material). In Fig. 7(a), we observe that, be-
low T ∗, the torque τ0 starts to deviate from the high-
temperature T -linear behavior and |χc − χab| increases
with decreasing H [Fig. 7(b)]. Both types of behav-
ior indicate a non-linear susceptibility [43]. Approach-
ing Tc, this non-linearity appears to diverge in the zero-
field limit, suggesting that this behavior may be related
to superconducting fluctuations [44]. Inelastic neutron
scattering and nuclear magnetic resonance have both ob-
served evidence for preformed Cooper pairs in Ca 10-3-
8 [42], and the minimum in the temperature-dependent
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Figure 7. (a) The temperature-dependent out-of-plane torque
τ0 = 1

2
µ0(χc−χab)H2 for the optimally-doped Ca 10-3-8 with

fixed magnetic field (9 T); χc and χab are magnetic suscep-
tibilities along the c and a axis, respectively. The dashed
line is linear fit to the high-temperature data. (b) The field-
dependent |χc − χab| at different temperatures.

Seebeck coefficient of Pt-doped material can be under-
stood in terms of either preformed pairs or the phonon
drag effect [14]. A difficulty with the notion of pre-
formed pairs is that they are typically observed in strong-
coupling systems, in which the coherence length is com-
parable with the inter-particle distance [44]; however,
optimally-doped Ca 10-3-8 is in the BCS weak-coupling
limit. Furthermore, in cuprates and FeSe, superconduct-
ing fluctuations always result in a decrease in the resis-
tance [45]; the semiconducting-like behavior is anoma-
lous.

C. Localization and magnetism

The substitution of Pt for Fe into the Fe–As planes
of (CaFe1−xPtxAs)10Pt3As8 induces superconductivity;
however, it also results in the introduction of disorder
sites that can lead to strong scattering and the local-
ization of free-carriers. In systems that display acti-
vated behavior, the interplay between localization and
superconductivity is of considerable interest [46, 47]. In
YBa2(Cu1−xZnx)4O8, the substitution of Zn for Cu led
to the dramatic reduction of Tc and the appearance of
a peak in the optical conductivity at ' 120 cm−1 that

was attributed to quasiparticle localization [48]. In the
cuprates, non-magnetic Zn is thought to act as a mag-
netic impurity. A low-energy peak in in the optical con-
ductivity was also observed when the magnetic impuri-
ties Mn and Cr were substituted for Fe in BaFe2As2 [49].
However, in (CaFe1−xPtxAs)10Pt3As8, the Pt4+ atoms
in the Fe–As layers are nonmagnetic and a low-energy
peak has never been observed in iron-based supercon-
ductors with nonmagnetic impurities [50]. We note that
the semiconducting-like behavior is not distinct to Pt-
doped Ca 10-3-8; under pressure, the stoichiometric par-
ent compound also shows semiconducting-like behavior,
right up to the point at which it becomes a supercon-
ductor. The similarity between the phase diagrams of
Pt-doped Ca10-3-8, and Ca 10-3-8 under pressure, in-
dicates the intrinsic nature of the semiconducting-like
behavior. Moreover, the low-energy peak observed in
Pt-doped Ca 10-3-8, has also been seen in La-doped
Ca8.5La1.5(Pt3As8)(Fe2As2)5 (out-of-plan doping) [51],
and in stoichiometric (CaFeAs)10Pt4As8 [52]. The 2D
nature of these materials will greatly increase the impor-
tance of spin fluctuations, suggesting that they may be
playing a prominent role in the in-plane transport prop-
erties. It is therefore likely that the localization peak
observed in this work arises from strong scattering due
to AFM fluctuations rather than impurity scattering.

Although AFM order competes with superconductiv-
ity, spin fluctuations have been proposed as a possible
pairing mechanism in the high-temperature superconduc-
tors [53]. The torque magnetometry results [Fig. 7(a)]
indicate that the onset for superconducting fluctua-
tions occur well above Tc. This type of behavior has
been observed in many high-temperature superconduc-
tors [54, 55], and it has been suggested that these fluc-
tuations may be attributed to the inhomogeneous nature
(either structural or electronic) of these materials [56].
Thus, it may be the case that the putative normal-state
is an effective medium in which the superconducting re-
gions are embedded in a poorly-conducting matrix with
either strong spin fluctuations or magnetic order (i.e.,
incommensurate SDW); below Tc, phase coherence is
established across the different superconducting regions
and a bulk superconducting transition is observed. The
global onset of superconductivity would naturally sup-
press the magnetic fluctuations (order) and the scatter-
ing attributed to it, leading to a reduction in the size of
the localization peak. The carriers that are no longer lo-
calized due to strong scattering would then be allowed to
collapse into the condensate, a result that is consistent
with the observed transfer of spectral weight from the
peak into the condensate below Tc.

IV. SUMMARY

To conclude, the temperature dependence of the in-
plane optical properties of (CaFe1−xPtxAs)10Pt3As8 has
been examined for the undoped (x = 0) parent compound
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with Ts ' 96 K and TN ' 83 K, and the optimally-doped
(x = 0.1) superconducting material, Tc ' 12 K. At room
temperature, the optical conductivity of both materials
may be described by the two-Drude model. In the par-
ent compound, below Ts and TN the broad Drude com-
ponent narrows and decreases dramatically in strength,
behavior which is also observed in the narrow Drude com-
ponent. The missing spectral weight is transferred to
a broad peak at ' 1000 cm−1, which is attributed to
a low-energy interband transition that originates from
the Fermi surface reconstruction driven by the structural
and magnetic transitions. The semiconducting-like be-
havior originates from short-range magnetic fluctuations
that could be regarded as the precursor to AFM order.
In the optimally-doped material, the broad Drude term
shows little temperature dependence, but the scattering
rate in the narrow Drude component has a weak temper-
ature dependence. Below T ∗ ' 100 K, the narrow Drude
loses strength at the same time a localization peak at
' 120 cm−1 emerges. A classical generalization of the
Drude model reproduces the position and strength of the
low-energy peak, indicating that it originates via a lo-
calization process. Torque magnetometry detects a dia-

magnetic signal well above Tc, which is attributed to SC
fluctuations. Below Tc magnetic fluctuations (order) are
suppressed, resulting in a decrease in localization, allow-
ing spectral weight from this peak to be transferred into
the superconducting condensate. These results indicate
an intimate relationship between magnetism and super-
conductivity in this material.
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