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Floating zone, arc-melting furnaces, numerous tube and box furnaces 

Single crystal growth 

and characterizations 

Bi-2223 crystal NaxCoO2 

Pressure furnace 



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-

50000 cm-1 
In-situ gold- or aluminum-deposit technique  

Si-BMS 



Optical measurement under magnetic field                   

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

Liquid 

He 



Pump-probe experiment 

based on femtosecond laser 



THz time domain spectroscopy 

We are working and developing projects: 

• Optical (IR) pump-THz probe 

• Mid-IR pump- THz probe 

• …… 



Introduction about materials 

Optical spectroscopy study on density wave 

(DW) order in Na2Ti2Sb2O 

Two DW orders in  Na2Ti2As2O？ 

Coexistence of DW and superconductivity in 

Ba2Ti2Fe2As4O 

 

Outline: 

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) 



Ti2Pn2O-type structure 

The spacer layer could be: Na2, Ba, La2O2, Sr2F2, …… 

 

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

Big structure 

family 



Fe2Se2O， Co2Se2O …, ----Orbital selective Mottness 

(Ti,As)        (Fe,Se) 

 

Na2 layer       La2O2 







LA2CO2SE2O3: 反铁磁基态, TN=220K 

J. Am. Chem. Soc. 132, 7069 (2010). 

Unfortunately, very difficult 

to dope charge carriers! 

Co2Se2O layer 



NA2TI2PN2O (PN=SB,AS) AND 

BA2TI2FE2AS3O 



et al. 

Small structure distortion, 

No magnetic order observed! 
Quarter filled system 

The Na2Ti2Sb2O was first synthesized by Adam and Schuster in 1990  









FS nesting Bicollinear magnetic structure S+- pairing 





arXiv:1402.4723 



We grew single crystals of Na2Ti2Pn2O (Pn=Sb, As) by flux method 
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Y. G. Shi et al. PRB 

88, 144513 (2013) 

Anisotropic 

resistivity 

measured by 

Montegomery 

method 
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 Substantial reduction of 

both free carrier spectral 

weight and scattering rate; 

 Formation of density wave 

energy gap! 

Much larger than the mean field value of BCS 

theory.  Strong fluctuation effect due to 2D? 

Na2Ti2Sb2O 

Ba0.6K0.4Fe2As2 



Gapped feature in spectral weight analysis 



p20000 cm-1 (2.5 eV) at 300 K 

p4300 cm-1 (0.53 eV) at 10 K 

or 

Over 95% of free carrier 

spectral weight was 

gapped away. 



Q M Si, Nature Physics 2009 

Band structure calculation: 

p3 eV (W. Pickett, PRB 98) 

 

Kexp/Kband~0.7, weak 

correlation effect 

Experiment:  

p20000 cm-1 (2.5 eV) at 300 K 



SUMMARY OF NA2TI2SB2O 

• 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 2/kBTs~14, suggesting that the transition 

temperature is significantly lower than the mean-field 

transition temperature. 

 

• A weak correlation effect in the titanium oxypnictides. 

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



Na2Ti2As2O single crystal 

Anisotropic resistivity measured 

by Montegomery method 
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Y. G. Shi et al. PRB 88, 144513 (2013) 



 Formation of partial 

density wave energy 

gap below 320 K; 

 Still metallic below 

320 K; 

 Substantial reduction 

of both free carrier 

spectral weight and 

scattering rate; 

 

Na2Ti2As2O 



 Another density wave 

gap structure forms 

below 40 K, resulting 

in an insulating ground 

state 

 

for small gap near 220 cm-1 



 Substantial reduction of both free carrier spectral 

weight and scattering rate; 

 



1. 2D insulator driven by DW phase 

transition—a rare case! DFT calculations on 

Na2Ti2As2O 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.  

Several remarks: 



2. Although the optical measurement revealed 

formation of two 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 BaTi2Sb2O 

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 BaTi2Sb2O.  

 

But for Na2Ti2As2O, an SDW was predicted by DFT. 

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









DW state 



SC state 

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

(Editor’s suggestion） 



Thank you! 


