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RBaCo2O6-δ: Crystal structure

・LaCoO3:   spin state transition between high spin and low spin        
(cf. spin crossover complexes)

・La1-xSrxCoO3: carrier doping → Ferromagnetic metallic state 
(cf. Manganites)

・RBaCo2O6-δ Double perovskites

① A-site ordering:
R-O and Ba-O layers are regularly 
ordered along c axis.
② Oxygen nonstoichiometry:
vacancy in RO plane

⇒ octahedron and pyramid

Two Keys:

Co3+:Pyramid Co3+:Octahedron

Intermediate Spin (IS)

Low Spin (LS)
or

High Spin (HS)

Spin configuration in Co-ions

Co3+ → 3d 6
・ RBaCo2O6-δ

δ～0.5 → Co３＋

Possible spin state in Co3+???

Cf. spin crossover system Intrinsic Jahn-Teller distortion

IS (S=1)LS (S=0)

t2g

eg

HS (S=2)

or

Electric properties of RBaCo2O6-δ

T-dependence of resistivity…
Metal-Insulator transition around 

TMI=360 K （above room temperature）

T. Arima et al

Octahedral site :
Co-O distance as well as the unit cell 

volume increases above TMI.

C. Frontera et al, Phys. Rev. B, 65(2002)180405

spin configuration in CoO6

LS (Low T) → HS (High T)

Spin-driven Mott transition?

・Search for novel photoinduced phase transition 

of RBaCo2O6-δ (R=Sm,Gd and Tb)
1. Simple Mott transition (No charge/orbital ordering)

2. High TMI →Large PIPT at room temperature

・Optical study of the photoexcitated state 
1. Ultrafast dynamics of the excited state on the fs time scale

2. Temperature dependence of the time evolution 

time

Objective

Pump Light 1.58 eV

Probe Light 0.14 eV～1.4 eV (using OPA,DFG)

pulse width：～100 fs

Time resolved pump&probe spectroscopy 

DFG

pump

probe

Regenerated Ti : 
sapphire laser system
(100 fs, 800nm, 1kHz)

OPA

Variable 
delay stage

Detector
(reference)

Detector
(signal)

 τd

Boxcar
IntegratorTrigger

A/D PC

sample

R-dependence of σ（ω）

Reflectivity spectra just after photoirradiation

Calculated optical conductivity

Spectral weight (Neff) vs. gap

ΔNeff(T) = Neff(T)－Neff(300K)

Ba
O

R

R=Tb , 300KY.Moritomo et al ,
Phys.Rev B 61 R13325(2000)
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Ｋramers-Kronig analysis, 
assuming that the 

photoexcited state is decaying 
in proportion as ∝ e-z

Pump

Small Large
Electronic correlation (U/t)Photoinduced change vs. U/W

Sm is nearly located to the phase boundary
⇒ The metallic state easily comes up by the photoirradiation! 

n

U/W

Gd

Sm

Insulator

Metallic

On site Coulmb: U
(Comparable)

W：Sm >Gd >Tb

Tb

Summary

Pump & probe spectroscopy in 
RBaCO2O5.5 (R=Sm, Gd and Tb)

・Clear PIPT was observed at room 
temperature.

・The quantity of the transferred spectral 
weight by the photoillumination is 
proportional to W.

⇒Strong correlation between PIPT and U/W
Distance from the phase boundary

Photoexcitation

0.340.30 0.23Optical Gap (eV)

1050670510Activation Energy (K)

228.77229.25230.95Unit Cell Volume (Å3)

1.0631.0781.098Ionic Radius of R (Å)

TbGdSmR ions

Photoinduced Gigantic and Ultrafast
Spectral Weight Transfer in RBaCo2O6-δ

(R=Tb, Gd and Sm)


