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The far-infrared optical reflectivity of an optimally doped Baj_zKzFeaAss (z = 0.4) single crystal is measured

from room temperature down to 4 K. We study the temperature dependence of the in-plane infrared-active phonon

at 251 cm 1.

This phonon exhibits a symmetric line shape in the optical conductivity, suggesting that the coupling

between the phonon and the electronic background is weak. Upon cooling down, the frequency of this phonon continu-

ously increases, following the conventional temperature dependence expected in the absence of a structural or magnetic

transition. The intensity of this phonon is temperature independent within the measurement accuracy. These observa-

tions indicate that the structural and magnetic phase transition might be completely suppressed by chemical doping in

the optimally doped Bag.gKg.4Fea Asa compound.
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1. Introduction

Since the

with a transition temperature up to 26 K in

discovery of superconductivity

LaFeAsO;_,F,,[1 six systems of iron-based super-
LaFeAsO,_,F,,
which has a ZrCuSiAs-type layered structure, is

conductors have been reported.

categorized as the 1111 system; Ba;_,K,FeyAsy?
and Ba(Fe;_,Co,)2As5 derived from BaFeyAs,
represent the 122 system; LiFeAs[ and NaFeAs!®
the 111 FeSelfl and
Fe(Sel,zTex)o_ggm are representative of the 11

are classified as system;
and materials with more complex lay-
ered structures like (Sr3ScoOs)FesAsy®  and
(SryV20g)FegAsy 1 are categorized as the 32522 and
the 21311 systems, respectively. Among these six

system;

systems of iron-pnictides, the Bal22 system is one of
the most extensively studied. Unlike the cuprates,
the parent compound of this system, BaFeyAss, is a

poor Pauli-paramagnetic metal with a structural and
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magnetic phase transition at 140 K.['% The supercon-
ductivity arises with the suppression of the structural
and magnetic phase transition, which can be achieved
by doping or pressure. The Ba atoms can be partially
substituted with K atoms, resulting in hole-doped

(2]

materials'®! with a maximum 7T, ~ 38 K, while the

substitution of Fe atoms with Co or Ni atoms pro-

[3:11] with a maximum

duces electron doped materials
T. =~ 25 K. In the parent compound BaFesAss, the
structural and magnetic phase transition is accom-
panied by an infrared phonon anomaly, which might
be associated with the orbital ordering in the Fe—-As
layers.!'?! In this sense, investigations into the temper-
ature dependence of the infrared phonon in optimally
doped Bal22 materials is highly desired. The Fourier
transform infrared (FTIR) spectrometer is a standard
tool used to probe the infrared phonons.'3:14! In this
paper, we study the evolution of the in-plane infrared-
active phonon mode at about 251 cm~! with temper-
ature in optimally doped Baj_,K, FesAsy (z = 0.4)
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single crystals. We find that, with the decreasing tem-
perature, this phonon frequency hardens whereas its
intensity (spectral weight) remains a constant. These
observations suggest that the structural and magnetic
phase transition might be completely suppressed by
the chemical substitution in Bag ¢Kg4FeaAss.

2. Experiments

High quality Bag ¢Kg.4FeaAsg single crystals were
grown by using the FeAs flux method.['®) The resis-
tivity of the crystal exhibited a very sharp super-
conducting transition at 7, = 39.1 K with a width
AT, ~ 0.5 K. Near normal incidence reflectivity from
20 cm ! to 12000 cm ! was measured by using Bruker
IFS113 and IFS66v spectrometers at 19 different tem-
peratures ranging from room temperature down to
4 K. The in situ gold overfilling technique'®! was
used to obtain the absolute reflectivity of the sam-
ple. The sample was cleaved prior to each temperature
run. In order to calculate the optical conductivity via
the Kramers—Kronig relations, the data were extended
to the visible and UV range (10000-55000 cm~! ) at
room temperature with an AvaSpec-2048 x 14 model
fiber optic spectrometer.

3. Results and discussion

Figure 1 shows the optical reflectivity of optimally
doped Baj_, K, FeaAss (z = 0.4) single crystal at dif-
ferent temperatures in the infrared frequency range.
In the normal state, the material exhibits a metal-
lic response, which is characterized by a very high
reflectivity at low frequencies and a tendency to ap-
proach unity at zero frequency. At 4 K, the low fre-
quency reflectivity increases and reaches a flat unity

response below 160 cm™!.

This behavior is associ-
ated with a fully open superconducting gap.[!”-18) The
weak feature observed at ~251 cm™! (shown by the
arrow) is the in-plane infrared-active phonon mode.
Bag gKo.4FeaAsy has the tetragonal I4/mmm space
group, the same as the parent BaFesAs, above Tx.
Two E, modes are expected in the ab-plane response.
In BaFeyAsy, both modes (at ~94 and 253 cm™!)
are observed.['?l Nevertheless, in the optimally doped
Bag Ko 4FegAsy, the one at ~94 cm™! has a very
small intensity and does not show a clear feature in
the reflectivity spectrum. This might be due to the
increase of the electronic screening with more carri-

ers doped into the material. Nevertheless, it is the

highest frequency phonon renormalized when the ma-
terial undergoes the magenetic and structural phase

transition.[!2l
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Fig. 1. (colour online) Infrared reflectivity of optimally
doped Baj_;K;FeaAss (z = 0.4) at selected tempera-
tures.

The real part of optical conductivity is derived
from the reflectivity via the Kramers—Kronig analysis
and is shown in the main panel of Fig. 2 as dashed
lines. A prominent in-plane infrared-active phonon
mode at 251 em ™! is observed at 300 K (short dashed
line). At 4 K (dashed line), this phonon mode shifts
to 259 ecm ™!, but does not show any obvious change
in its intensity. This phonon sits on a high conductiv-
ity background due to the Drude-like behavior of the
conducting carriers.

8
7t —--4K ‘E 400
- 100K -~
g 6r 200 K S 200
e[ - 300 K 3 S
0 5 £, pleais v
G © 240 250 2607 270 280
) 4t A Wavenumber /cm ™!
=] e T
= T T T e
37 o
& 2F
1%/’
0 1 1 1 1 1 1
200 220 240 260 280 300 320 340
Wavenumber/cm ™!
Fig. 2. (colour online) Optical conductivity of

Bai_;KsFeaAsy (z = 0.4) at different temperatures in
the frequency range from 200 cm—! to 340 cm~!. The thin
solid lines through the data are corresponding fits with the
Drude-Lorentz model. An in-plane infrared-active phonon
mode can be seen at about 250 cm~!, which can be repro-
duced by a Lorentz oscillator. The inset shows the optical
conductivity of the phonon at several selected tempera-
tures, the background has been subtracted from the total
optical conductivity.

In order to quantitatively study the evolution of
this phonon mode with temperature, we fit the opti-
cal conductivity to a Drude—Lorentz model, which is
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written as
2
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(1)
where Zy is the vacuum impedance. The first term
in Eq. (1) corresponds to a sum of free-carrier Drude
responses each characterized by a plasma frequency
2, 1 and a scattering rate 7, ! The second term is a
sum of Lorentz oscillators each characterized by a res-
onance frequency (2, a line width <, and a plasma
frequency Sk.

The thin solid lines in Fig. 2 are fittings of the
data to Eq. (1). The data are adjusted in the whole
measured range up to 10000 cm™!, and we utilize
two Drude peaks, one Lorentzian for the phonon and
the other for the mid-infrared absorption. To better
observe the phonon behavior, we subtract from our
data the Drude and the mid-infrared contributions to
o1(w). The result is shown in the inset of Fig. 2. This
panel shows the measured optical conductivity for the
phonon alone. We can see that the phonon peak shifts
to upper frequencies at lower temperatures and that
the line shapes are symmetric. In a solid, if a lattice
mode couples to the spins or to the electronic back-
ground, it exhibits an asymmetric Fano line shape.['?!
However, we note that the phonon mode line shape
in the optical conductivity is symmetric and can be
well described by a Lorentz oscillator, which indicates
a very weak coupling between the phonon mode and
the electronic background. To pursue our analysis on
this phonon, we will utilize the phonon parameters ob-
tained from the fittings. These parameters are listed
in Table 1 for 300 K and 4 K, where {2y represents
the resonant frequency of the phonon. The intensity
of the phonon is proportional to S2.

Table 1. Fitting parameters of the phonon mode at
300 K and 4 K.

Temperature/K 2p/cm™1 v/cm~1 S/em~1
300 251.3 4.9 320.4
4 258.9 4.6 364.5

In Fig. 3(a), the resonant frequency of the phonon
is displayed as a function of temperature. With de-
creasing temperature, the frequency of the phonon
continuously increases. If no structural or magnetic
phase transition occurs in a solid, the frequency of
the lattice vibration mode as a function of tempera-

ture 2(T) is given by[2’]

Q(T) = 2(0) eXp[—?ryG /0 ' a(T’)dT’}, 2)

where £2(0) represents the frequency of the phonon
at zero temperature, vy, is the Griineisen parame-
ter, and « is the coefficient of linear thermal expan-
sion. The temperature dependence of the phonon
mode frequency given by the above expression closely
approximates to a quadratic behavior. In the par-
ent compound BaFe;Asy, the phonon mode at ~
253 cm~! shows a clear frequency renormaliztion at
the structural and magnetic transition.['2) However, in
Bag Ko.4FeaAso, we find that the temperature depen-
dence of the phonon frequency can be fit to a quadratic
behavior very well from room temperature down to
4 K, as shown by the dashed line in Fig. 3(a). This
fact excludes the presence of a structural or magnetic

transition in the optimally doped Bag Ko 4FeoAss.
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Fig. 3. (colour online) Panel (a) shows the phonon mode
frequency as a function of temperature, the dashed line
represents the temperature dependence of phonon fre-
quency in the absence of structural or magnetic transition.
Panel (b) shows the intensities of the phonon at different
temperatures.

The solid triangles in Fig. 3(b) denote the inten-
sity of the phonon as a function of temperature. The
intensity of the infrared-active phonon mode is pro-
portional to ), p2, where p; represents the net dipole
moment. If the bonding or the coordination does not
change in the unit cell of a material, i.e. no struc-
tural phase transition happens, the intensity of the
phonon mode is expected to remain a constant. Here,
we note that the intensity of the 251 cm~! phonon
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in BaggKg4FesAsy remains a constant from room
temperature to 4 K. This is quite different from the
253 cm ™! phonon mode in BaFeyAs,, which doubles

(12] Therefore, the phonon ef-

in intensity below Ty.
fects present at the structural and magnetic transition
in the parent compound are absent in the optimally
doped Bag ¢Kg.4Fes Ass, indicating that the structural
and magnetic phase transition might be completely

suppressed by the chemical doping.

4. Conclusion

The infrared optical conductivity of optimally
doped Bay_,K,FesAsy (x = 0.4) single crystal is de-
termined at 19 different temperatures from accurate
reflectivity measurements. An in-plane infrared-active
phonon at 251 cm™! is observed at all temperatures.
The symmetric line shape of this phonon in the op-
tical conductivity implies a very weak coupling be-
tween the phonon and the electronic background. We
fit the phonon to a Lorentz oscillator to quantitatively
study its evolution with temperature. As the tempera-
ture decreases, the phonon frequency increases contin-
uously, following an almost quadratic temperature de-
pendence, while its intensity remains a constant from
room temperature down to 4 K. These observations
suggest that the structural and magnetic phase transi-
tion is absent in the optimally doped Bag ¢Kq.4FeaAss
compound and might be completely suppressed by the
chemical doping.
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