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SPECTROMETERS AND FREQUENCY RANGE IN OUR LAB

Bruker 80v: 30 - 40000
cm-1

Bruker 66v/s: 30 - 30000
cm-1

Bruker 113v: 15 — 8000
cm-1 (thick si-beam
splitter with Si-
bolometer)

Grating type

spectrometer: 6000-

In-situ gold- or aluminum-deposit technique

50000 cm-1



Optical measurement under magnetic field

Bruker 113v spectrometer (10 Tesla split coils from Cryomagnetic Inc.)

SIDE LOADING SAMPLE IN VACUUM
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THz time domain spectroscopy

We are working and developing projects:
» Optical (IR) pump-THz probe o
* Mid-IR pump- THz probe N "




Outline:

Introduction about materials
Optical spectroscopy study on density wave
(DW) order in Na2Ti2Sb20

Two DW orders in Na2Ti2As207?

Coexistence of DW and superconductivity in

Ba2Ti2Fe2As40

Y. Huang et al.,Phys. Rev. B 87, 100507 (R) (2013):
Y. G. Shi et al. PRB 88, 144513 (2013);

Y. Huang et al. PRB 89, 155120 (2014);

H. P. Wang et al. PRB 90, 144508 (2014)



T1,Pn,O-type structure

Big structure

The spacer layer could be: Na2, Ba, La202, Sr2F2, ......
family {

Ti could be other 3d transition metal elements, e.g. Fe, Co,...



Fe,Se, O, Co0,5e,0 ..., ----Orbital selective Mottness

week ending
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Band Narrowing and Mott Localization in Iron Oxychalcogenides La,0,Fe,O(Se, S),
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Synthesis, structure, and magnetic properties of the layered iron oxychalcogenide Na;Fe,Se,O

J.B. He.! D. M. Wang.! H. L. Shi,” H. X. Yang.? J. Q. Li.? and G. F. Chen!>"
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PHYSICAL REVIEW B 86. 014411 (2012)

BaFe,Se,0 as an iron-based Mott insulator with antiferromagnetic order

Fei Han.'? Xiangang Wan,' Bing Shen.'? and Hai-Hu Wen!-"
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FIG. 4. (Color online) Band structure from LDA calculation, and

LDA + U calculation with U = 6.0 eV.

Structure and physical properties of the layered iron oxychalcogenide BaFe,Se,O

Hechang Lei(ZE#11%),! Hyejin Ryu(5-3) #1).2 V. Ivanovski.? J. B. Warren,* A. I. Frenkel,” B. Cekic,?

Wei-Guo Yin(F TL[H).! and C. Petrovic
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NA2TI2PN20 (PN=SB,AS) AND
BA2TI2FE2AS30



The Na2Ti2Sb20 was first synthesized by Adam and Schuster in 1990

A. Adam and H.-U.Z. Schuster, Anorg. Allg. Chem. 584, 150 (1990)

Journal of Solid State Chemistry 153, 275-281 (2000)

Powder Neutron Diffraction Studies of Na,Ti,Sb,0 and
Its Structure—Property Relationships

Tadashi C. Ozawa, et gl.
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J. Phys.: Condens. Matter 22 (2010) 075702 (5pp) doi:10.1088/0953-8984/22/7/075702

Structure and physical properties for a
new layered pnictide-oxide: BaTizAs,O

X F Wang, Y J Yan, J J Ying, Q J Li, M Zhang, N Xu and
X H Chen'
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Superconductivity in BaTi,Sb,O with a d' Square Lattice
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Ba1-xNaxTi2Sb20 (0.0 # x# 0.33): A Layered
Titanium-based Pnictide Oxide Superconductor.

Phuong Doan, Melissa Gooch, Zhongjia Tang, Bernd Lorenz, Angela
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PHYSICAL REVIEW B VOLUME 58, NUMBER 8 15 AUGUST 1998-TI
Electronic instability in inverse-K,NiF  -structure Na,Sb,Ti,O
W. E. Pickett

Department of Physics, University of California—Davis, Davis, California 95616
(Received 4 February 1998)

A square Fermi surface, nearly dispersionless in the 4.
direction, suggests a CDW or SDW that gaps this surface as
the underlying cause of the transition. Without knowledge of

Electronic structure, disconnected Fermi surfaces and antiferromagnetism in the
layered pnictide superconductor Na,Ba;_,Ti;Sb,O

David J. Singh
Materials Science and Technology Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831-6056
(Dated: September 24, 2012)
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Layered pnictide-oxide NasTisPnsO (Pn=As, Sb): a paradigm for spin density waves
Xun-Wang Yan!? and Zhong-Yi Lul*
! Department of Physics, Renmin University of China, Beijing 100872, China and

*School of Physics and Electrical Engineering, Anyang Normal University, Anyang 455002, China
(Dated: October 15, 2012)
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Electron-phonon superconductivity and charge density wave instability in the layered
titanium-based pnictide Ba;_,Na,T1,Sb,0O

) Alaska Subedi
Centre de Physique Théorigque, Ecole Polytechnique, CNRS, 91128 Palaiseau Ceder, France
(Dated: October 2, 2012)

I present the results of first principles calculations of the phonon dispersions and electron-phonon
coupling for BaTiz;Sb;O. The phonon dispersions show a weak lattice instability near the zone
corners that leads to a CDW phase. The calculations of the electron-phonon coupling reveal strong
coupling, especially to the in-plane Ti modes. The total coupling is large enough to readily explain
the superconductivity in this compound. As the Fermi surfaces are disconnected with different
orbital character weights, this compound is likely to host a multiband superconductivity. The role
of spin fluctuations in suppressing the superconducting 7% is also discussed.



A site-selective antiferromagnetic ground state in layered pnictide-oxide

BaTi2A520

Xiang-Long Yu,22 Da-Yong Liu,* Ya-Min Quan,! Ting Jia,® Hai-Qing Lin,3 and Liang-Jian Zou® ®)
U Key Laboratory of Materials Physics, Institute of Solid State Physics, Chinese Academy of Sciences,
P. 0. Box 1129, Hefei 2320031, China

2) University of Chinese Academy of Sciences, Beijing 100000, China

) Beijing Computational Science Research Center, Beijing 100084, China

The electronic and magnetic properties of BaTis AssO have been investigated using both the first-principles
and analytical methods. The full-potential linearized augmented plane-wave calculations show that the most
stable state is a site-selective antiferromagnetic (AFM) metal with a 2 x 1 x 1 magnetic unit cell containing
two nonmagnetic Ti atoms and two other Ti atoms with antiparallel moments. Further analysis to Fermi
surface and spin susceptibility shows that the site-selective AFM ground state is driven by the Fermi surface
nesting and the Coulomb correlation. Meanwhile, the charge density distribution remains uniform, suggesting
that the phase transition at 200 K in experiment is a spin-density-wave (SDW) transition.

FIG. 2. (Color online) Fermi surfaces and spin susceptibil-

ity of BaTizAs;O in NM state within the GGA sheme: (a) arxlvl402 4723

hole-type Fermi surface sheets, (b) electron-type Fermi sur-
face sheets and (c) the real part of x° with arbitrary unit.



We grew single crystals of Na2Ti2Pn20 (Pn=Sb, As) by flux method
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SW (10 K)/SW (300 K)
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experimental data
Drude-Lorentz fit

experimental data
Drude-Lorentz fit
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®,~20000 cm™* (2.5 eV) at 300 K
®,~4300 cm™ (0.53 eV) at 10 K

Over 95% of free carrier
spectral weight was
gapped away.



Simple Incipient Mott
metal Mott insulator

Ke><p/"<bz:md =1 K’exp/Kba\nd << Kexp/Kband =0
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Q M Si, Nature Physics 2009
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Experiment:
®,~20000 cm™ (2.5 eV) at 300 K

Band structure calculation:
w,~3 eV (W. Pickett, PRB 98)

Kexp/Kbang~0-7, weak
correlation effect



SUMMARY OF NA2T12SB20

« The optical study revealed dramatic spectral change
across the phase transition at 114 K and formation of
a density-wave energy gap at low T.

« The opening of the gap removes most part of the free
carrier spectral weight and causes a substantial
reduction of the carrier scattering rate.

* The ratio of 2A/kgT.~14, suggesting that the transition
temperature is significantly lower than the mean-field
transition temperature.

« Aweak correlation effect in the titanium oxypnictides.

Y. Huang et al.,Phys. Rev. B 87, 100507 (R) (2013)



Na2Ti2As20 single crystal
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Na2Ti2As20
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Several remarks:

1. 2D insulator driven by DW phase
transition—a rare case! DFT calculations on
Na2Ti2As20 indeed predicted an insulating
ground state, but the calculations did not
consider two steps phase transitions. A more
realistic approach to the ground state Is to
consider first a metastable intermediate DW
state (which might be CDW), then examine
further possible instability (CDW or SDW) on
the basis of this intermediate state.



2.  Although the optical measurement revealed

formation of twoO energy gaps at different
temperatures, the measurement could not
determine where the FSs are gapped. Momentum
resolved experimental probe, such as ARPES,
should be used to determine the gapped regions
and corresponding wave vectors.



3. Optical measurement can not tell whether
the phase transitions are CDW or SDW, since both
orders have the same coherent factor. Other
techniques which are capable to probe magnetic
order should be used to resolve the issue

A recent NMR measurement by Kitagawa et al. on BaTi2Sb20
polycrystalline sample revealed an absence of internal field at the
Sb site, which therefore favored an CDW origin. It is consistent with
DFT calculations on BaTi2Sb20.

But for Na2Ti2As20, an SDW was predicted by DFT.

Y. Huang et al. PRB 89, 155120 (2014)
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Ba,Ti,Fe,As,0:JA New Superconductor Containing Fe,As, Layers and
1,0 Sheets

Yun-Lei Sun,’ Hao Jiang,-i- Hui-Fei Zhai,’ Jin-Ke Bao,-i_ Wen-He Jiao,-i- Qian Tao,” Chen-Yi Shen,"
Yue-Wu Zeng,§ Zhu-An Xu,”" and Guang-Han Cao™® """

J. Am. Chem. Soc. 2012, 134, 12893-12896
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Self-doping effect and possible antiferromagnetism at titanium-layers in the iron-based
superconductor BasTisFesAs,O

*

Hao Jiang,! Yun-Lei Sun,! Jianhui Dai,2 Guang-Han Cao,m* and Chao Cao? T

! Department of Physics, State Key Lab of Silicon Materials,
and Center for Correlated Matter, Zhejiang University, Hangzhou 310027, China
?Condensed Matter Physics Group, Department of Physics,
Hangzhou Normal University, Hangzhou 310036, China
(Dated: July 31, 2012)

20 N ~ = Fe-1
_FeFé:
7 _Ti-r‘,g
—Ti—eg
1.0
——
> i
2
F00 i T =L — iy <ol —
=1 1]
[
[]
o i
[aa)
-1.0
i |
0 AN >
I XP M [ Z




09 |

0.8 |

0.7]

0.6

e

o) me 00 T 00
&ho o
- =

= 7

R

! 4 2 1
® (10" em )

3

1000

2000
OJ{cnfl)

3000

4000

6000

8K
K
S0K
150
300

4000

7
o {Q'Icm'l)

2000

0

JVOK

0

2
o (10*em™)

3

2000
ﬁ)(cnfl)

0 1000

3000




DW state

--------- Drude components

Q) (cm'l)
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