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Research Catalyzed by CCDM

— Collaboration with Dan Strongin Group on Birnessite manganese oxide 
on Si for water oxidation: growth of TiO2 buffer layer

— LaNiO2: A near optimal material for Oxygen Evolution Catalysis



Atomic Layer-by-Layer (ALL) Laser MBE

(A) Laser ablation from separate oxide targets, for example from SrO 
and TiO2 targets to grow SrTiO3 films.
(B) With the help of RHEED monitoring, the film is grown one atomic 
layer at a time.



Metal Insulator Transition in LaNiO3

• Bulk LaNiO3 is metallic at all temperature.
• LaNiO3 film becomes insulating when the thickness is reduced 

to a few unit cells.

Torrance et.al., PRB 45, 14 (1992)

Scherwitzl et al., PRL 106, 246403 (2011)



Growth of Ultrathin LaNiO3



Metal Insulator Transition in Ultrathin LaNiO3

• First-principles calculations predicts that LaNiO3 is metallic even 
when it is 1 unit cell in thickness.

• Experimentally, LaNiO3 film becomes insulating at 1.5 unit cells.



XAS spectra at O K-Edge: Pre-Peak

• The intensity of the prepeak decreases as the film thickness is 
reduced, substantially lower in 1.5 and 2 u.c. films, consistent 
with substantially higher resistivity in these films. 

• A shoulder develops in the O-K pre-peak as the LaNiO3 film 
thickness decreases, becoming pronounced at 2 unit cells.



Oxygen Vacancies: XAS spectra at O K-Edge

• The shoulder in the O-K pre-peak becomes more pronounced as 
oxygen deficiency in the film increases.

• The film becomes more insulating as oxygen deficiency in the film 
increases.



Orbital Polarization: XAS spectra at Ni L2-edge

• Orbital polarization in LaNiO3 due to compressive strain and small 
dimensionality: over 40%

• Abrupt change in polarization magnitude from 2 u.c. to 2.5 u.c.



LaNiO3 on LaAlO3 is metallic even when it is 1 unit 
cell in thickness. Reduced dimensionality and strain 
is not enough to drive it insulating.

Oxygen vacancy in films less than 2 unit cells in 
thickness pushes the film to become insulating.

2D LaNiO3 will be studied for oxygen evolution 
reaction.  

MIT in LaNiO3 by ALL-Laser MBE


