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We present an infrared spectroscopy study of charge dynamics in CaCo2As2 single crystal. In this material, the
optical conductivity can be described by two Drude components with different scattering rates (1/τ): a broad incoherent
background and a narrow Drude component. By monitoring the temperature dependence, we find that only the narrow
Drude component is temperature-dependent and determines the transport properties. Especially a Fermi liquid behavior
of carriers is revealed by the T 2 behavior in the dc resistivity ρn and scattering rate 1/τn, indicating a coherent nature of
quasiparticles in the narrow Drude subsystem.
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1. Introduction
Chemical substitution, or doping, is the most common

way to tune the properties of a correlated material. In iron-
based superconductors (FeSCs), superconductivity is induced
by various doping processes into metallic parent compounds.
For example, in BaFe2As2 (122 system), doping with either
electrons[1] or holes[2] suppresses the magnetic order, show-
ing superconductivity with a maximum Tc close to the edges of
the magnetic dome. The resistivity with different doping levels
shows a temperature dependence from T linear to T 2, reveal-
ing a crossover from non-Fermi liquid to Fermi liquid.[3–5]

FeSCs are Fe 3d6 multi-orbital systems. All the Fe 3d
bands (or orbitals) exist near the Fermi level, resulting in
complicated hole- and electron-like Fermi surface sheets,[6,7]

and each Fe 3d band turns out to have different fillings and
bandwidths.[8] In these multi-band systems the electronic cor-
relations are mainly caused by the Hund rule coupling in-
stead of the strong intraband Coulomb interactions as in
cuprates.[9,10] Up to now, FeSCs were thought to be in the in-
termediate correlation regime. Nevertheless, many features,
which are usually observed in some strongly correlated ma-
terials, were also found in FeSCs,[11,12] such as the linear
temperature-dependent resistivity,[3,4] characteristic of a non-
Fermi liquid. The non-Fermi-liquid behavior or linear temper-
ature dependence of the resistivity is often taken as the hall-
mark of a quantum critical regime.[13,14]

It is well known that the electronic correlations in FeSCs
are strongly band-dependent. The coexistence of electrons
with different electronic correlations (coherent part and inco-
herent part) could be reflected in the charge excitation spectra
which can be measured by the optical spectroscopy technique.
In a multi-band environment, the optical conductivity is a sum
of the contribution over the bands, and it happens to be parallel
of resistances. Indeed, this is the case found by many previous
optical studies on FeSCs,[15–19] in which the optical conduc-
tivity can be characterized by two Drude terms with different
scattering rates; and the total Drude weight is a sum of terms
∼ (n/m∗)α , where n is a carrier concentration and m∗ is an
effective mass, and α is the band index. Thus, in the situation
of heavy differentiation of correlation strength, the transport
properties are highly influenced by the bands of the weakly
correlated ones (or more coherent ones).

Optical spectroscopy is a bulk-sensitive and energy-
resolved probe, and it turns out to be a powerful tool to
study charge dynamics of the multi-band system. In this
paper, we report a detailed optical study on high quality
CaCo2As2 single crystals, a counterpart of the 122 parent com-
pound CaFe2As2. We found that the optical conductivity of
CaCo2As2 can be decomposed into a narrow Drude (coherent)
component and a broad incoherent background. Upon cooling,
only the narrow Drude component is temperature-dependent
and determines the transport properties. This subsystem re-
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veals a T 2 behavior in the dc resistivity and scattering rate
disclosing a Fermi-liquid behavior in this material.

2. Experiments
High-quality CaCo2As2 single crystals were grown with

the flux method.[20] The ab-plane reflectivity R(ω) was mea-
sured at a near-normal angle of incidence on a Bruker VER-
TEX 80v FTIR spectrometer. An in situ gold overfilling
technique[21] was used to obtain the absolute reflectivity R(ω)

of the sample. Data from 50 to 15000 cm−1 were col-
lected at 13 different temperatures from 300 K to 10 K on a
freshly cleaved surface on an ARS–Helitran crysostat. Since
a Kramers–Kronig analysis requires a broad spectral range,
R(ω) was extended to the UV range (up to 50000 cm−1) at
room temperature with an AvaSpec-2048×14 fiber optic spec-
trometer.

3. Results and discussion
Figure 1 shows the reflectivity spectra R(ω) for

CaCo2As2 in the far-infrared region at several temperatures.
R(ω) shows a typical metallic response, having relatively
high value and approaching unity at low frequencies. Two
sharp features at ∼ 180 cm−1 and ∼ 260 cm−1 are associated
with the symmetry-allowed ab plane infrared-active phonon
modes,[22–25] which will not be discussed in this paper. The
inset displays the room-temperature R(ω) up to 15000 cm−1

for CaCo2As2. R(ω) shows a plasma edge at ∼ 6000 cm−1.
The plasma edge is larger than the value ∼ 2000 cm−1 in the
typical 122 parent compound BaFe2As2 (red curve). The large
value of the plasma edge generally suggests an increase of car-
rier density, consistent with the expanded electron Fermi pock-
ets with electron doping in 122 system compounds.[7,26]
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Fig. 1. (color online) Temperature-dependent reflectivity of CaCo2As2
in the far infrared region. Inset: 300-K reflectivity over a wide fre-
quency range for CaCo2As2 and BaFe2As2.

The real part of the optical conductivity σ1(ω), which
provides more direct information about the charge dynamics,

has been determined via a Kramers–Kronig analysis of the
reflectivity spectra R(ω).[27] Below the lowest measured fre-
quency, we used a Hagen–Rubens (R = 1−A

√
ω) form for

the low-frequency extrapolation. Above the highest measured
frequency, we assume a constant reflectivity up to 12.5 eV, fol-
lowed by a free-electron (ω−4) response.

Figure 2 displays the optical conductivity σ1(ω) at sev-
eral temperatures between 10 and 300 K in the frequency up
to 4000 cm−1. The low-frequency σ1(ω) has a Drude-like
peak centered at zero frequency, indicating the metallic nature
of the material. This is consistent with the reflectivity anal-
ysis. The width of the Drude peak at half maximum repre-
sents the quasiparticle scattering rate, while the area under the
Drude peak (spectral weight) is proportional to the free carrier
density. As the temperature is reduced, this Drude-like peak
narrows with a concomitant increase of the low-frequency
optical conductivity. The inset of Fig. 2 shows the 300 K
conductivity over a broader spectral range for CaCo2As2 and
BaFe2As2. In contrast to the small Drude peak in BaFe2As2,
the CaCo2As2 has a Drude component with significantly larger
spectral weight, indicating that the carrier density increases in
CaCo2As2, which is also consistent with the reflectivity anal-
ysis. In addition to the Drude-like peak, the optical conductiv-
ity of CaCo2As2 shows a rather flat region with a long tail
extending to ∼ 4000 cm−1 and followed by a temperature-
independent mid-infrared peak around 8000 cm−1 indicative
of strong interband transitions.
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Fig. 2. (color online) The real part of the optical conductivity at differ-
ent temperatures for CaCo2As2 up to 4000 cm−1. Inset: 300-K optical
conductivity over a wide frequency range for CaCo2As2 and BaFe2As2.

The optical conductivity is conveniently parameterized by
a Drude–Lorentz model

σ1(ω) =
2π

Z0

[
∑

j

Ω 2
p, j

ω2τ j +
1
τ j

+∑
k

γkω2S2
k

(Ω 2
k −ω2)2 + γ2

k ω2

]
, (1)

where Z0 is the vacuum impedance. The first term in Eq. (1)
corresponds to the Drude response characterized by a plasma
frequency Ωp, j and a scattering rate 1/τ j. The second term is a
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sum of Lorentz oscillators, each having a resonance frequency
Ωk, a line width γk, and a weight Sk. The Drude term accounts
for the free carrier response, while the Lorentz contributions
represent bound excitations.

In the previous works on pnictides,[15–19] the optical con-
ductivity σ1(ω) can be modeled reasonably by the superposi-
tion of two Drude components and series of Lorentz terms over
a wide frequency range. As shown in Fig. 3(a), we employed
a similar fit for CaCo2As2 at 150 K. It is noted that the low
frequency σ1(ω) is characterized by a coherent narrow Drude
(blue line) with a small scattering rate (1/τn ∼ 314 cm−1) and
an incoherent broad Drude (magenta line) with a large scatter-
ing rate (1/τb ∼ 3474 cm−1), as well as two Lorentzian oscil-
lators at higher frequencies corresponds to the interband ex-
citation in the mid-infrared region. The fitting parameters at
150 K are summarized in Table 1.

Table 1. The Drude–Lorentz fitting results of the optical conductivity at
150 K, where Ωp, j and τ j are the plasma frequency and scattering rate
for the jth Drude component (Dj), and Ωk , Sk , and γ are the oscillator
frequency, strength, and line width of the kth Lorentz mode (Lk). All
units are in cm−1.

Type Ωk 1/τ j,γ Ωp, j,Sk

D1 – 314 14963
D2 – 3474 29853
L1 9620 16190 50720
L2 521703 8450130 1542799

The temperature dependence of the two Drude compo-
nents provides information about the nature of the two differ-
ent types of carriers in this material. As shown in Fig. 2, for
all data at different temperatures, the long flat tail of σ1(ω)

changes very slightly with temperature, meaning that it just
contributes a constant background on the optical conductiv-
ity. The temperature-independent part of σ1(ω) is indicated
by the light-gray shaded area in Fig. 3(a), and it consists of the
broad Drude component σb (magenta hatched area) and two
oscillators that associate with the high-frequency contributions
(orange and dark-yellow hatched area). On the top of the con-
stant background, the remaining temperature-dependent con-
tribution is the narrow Drude component σn(ω)

σn(ω) =
2π

Z0

Ω 2
p,n

ω2τn +
1
τn

. (2)

Upon cooling, the scattering rate 1/τn becomes narrow-
ing, while the plasma frequency Ωp,n is roughly a constant,
indicating that there seems to be no considerable transfer of
spectral weight between both Drude subsystems. As shown
in Table 1, the coherent narrow component σn contains only
about 1/4 of the spectral weight compared to the incoherent
background σb, but it turns out that it is of superior importance
to low-frequency properties and transport properties.

The two Drude terms’ contributions to the total dc resis-
tivity can be considered as a parallel circuit

σtotal(T ) = σn(T )+σb. (3)

In order to reveal the temperature dependence of the sub-
system described by σn, we simply subtract the temperature-
independent part σb by the Drude–Lorentz fits. As shown by
the thin lines through the corresponding data in Fig. 3(b), the
temperature-dependent part of σ1(ω) can be described well
with the single narrow Drude component σn(ω).
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Fig. 3. (color online) (a) The measured σ1(ω) at 150 K (thick black line)
in a wide spectral range for CaCo2As2, fitting with the Drude–Lorentz
model (thin red line). The optical conductivity of CaCo2As2 can be sepa-
rated into temperature-dependent and -independent parts. The temperature-
independent part consists from the incoherent broad Drude term σb (ma-
genta line), and two Lorentzian oscillators at higher frequencies (orange and
dark yellow lines). The sum of the three contributions results in the light
gray shaded area. The unshaded area below the curves is temperature de-
pendent and can be described by a single Drude term σn (blue line). Tem-
perature evolution of σn for CaCo2As2 is shown in panel (b). The thin lines
through the data are fits with a single Drude term.

Figures 4(a) and 4(b) display the temperature dependence
of dc resistivity ρn(T ) = 1/σn(ω → 0) and scattering rate
1/τn. Across all the measured temperature range, ρn and 1/τn

present a T 2-dependent behavior. This T 2 temperature depen-
dence is expected for electron–electron scattering that is sup-
posed to be dominant for correlated electron systems at low
temperatures and subject to Landau’s theory of a Fermi liquid.
The Fermi liquid behavior revealed by the T 2 dependence of
the scattering rate and dc resistivity in CaCo2As2 indicates a
coherent nature of quasiparticles in the narrow Drude subsys-
tem.
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Fig. 4. (color online) The temperature dependence of the fitting pa-
rameters for the Narrow Drude term in CaCo2As2: (a) the reverse dc
conductivity ρ = 1/σ1(ω → 0) and (b) the scattering rate 1/τ , respec-
tively. The red lines in panels (a) and (b) are the T 2 fits.

4. Conclusion
In summary, we have measured the electrodynamics

properties of CaCo2As2 single crystal in a wide frequency
range as a function of temperature. The optical conductivity
of CaCo2As2 can be decomposed into a broad temperature-
independent background and a narrow Drude-type component
which solely determines the transport properties. The narrow
Drude subsystem reveals a T 2 behavior in the dc resistivity
and scattering rate up to room temperature, indicating a Fermi-
liquid behavior in this material.
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