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Solid state oxides exhibit a wide range of functionality due to structure

Property Materials

Metals CrO2, Fe3O4, SrRuO3

Insulators Cr2O3, CoO, Fe2O3, Al2O3

Superconductors Ba(Bi,Pb)O3, YBa2Cu3O7

Piezo- and Ferroelectrics Pb(Zr,Ti)O3, BaTiO3

Magnetic materials CrO2, MnO, MnFe2O4

Pigments TiO2, CoAl2O4, YIn1-xMnxO3

Ionic Conductors (batteries) LixMnO2, CaxZr1-xO2-x

Thermoelectrics NaxCoO2

LiMnO2

Batteries
BaTiO3

Piezoelectrics

YMnO3
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In the lab: synthesis, structural characterization, and property measurement

www.aps.anl.gov

neutrons.ornl.gov

High temperature/pressure synthesis

In house structural characterization 
through X-ray diffraction

Neutron and X-ray experiments at 
national labs

Measurement of physical properties

Rigaku X-ray diffractometer →
Located in Laurita Lab at Bates



Research in the Laurita Group

Focuses on understanding the structure—property relationships of inorganic solid
state materials, particularly those of relevance to energy and electronics-related
technology:

Polar materials for 
piezoelectric applications.

Oxide cathode materials for 
battery applications.

Semiconductors for 
photovoltaic applications. 

MAPbI3
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Polar materials lack a center of inversion and have polarizable structures

Nonpolar Molecule: CH4

Polar Molecule: NH3

Nonpolar Crystal: NaCl

Polar Crystal: GeTe

Polar materials play important roles as dielectrics, piezoelectrics, and ferroelectrics. 
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Piezoelectrics are polar materials that convert mechanical and electrical energy 

Direct piezoelectric effect: 
Mechanical strain (e. g. pressure) 
applied to a piezoelectric material 
produces a voltage

Applications: portable 
sparkers/lighters, portable power 
sources, acoustic transformers, 
microbalances, sensors

Reverse piezoelectric effect: 
Application of a voltage to a 
piezoelectric material produces a 
mechanical strain (e. g. lattice expansion)

Applications: actuators, motors, printers, 
laser mirror alignment, fuel injectors

ΔV

ΔV



Applications of polar materials: Actuators and motors

Actuators and piezoelectric motors act on the piezoelectric principle of 
converting electrical energy to mechanical energy → electrical input results in a 

strain in the material

Ink jet printing Microrobotics

M. Finio, et. al. (2011). 
IEEE International 
Conference on 
Intelligent Robots and 
Systems. 1107-1114. 

https://phys.org/news/
2015-05-inkjet-
kesterite-solar-
cells.html

Time-keeping

http://people.bath.ac.u
k/rjm64/Site/present%
20applications.html



Applications of polar materials: Sensors and transducers

Piezoelectric sensors and transducers act on the piezoelectric principle of 
converting mechanical energy to electrical energy → strain in the material results 

in an electrical output (voltage)

GPS, virtual reality, screen 
rotation

https://commons.wikimedia.
org/w/index.php?curid=7796
484

http://people.bath.ac.uk
/rjm64/Site/present%20
applications.html

http://inhabitat.com/green
-a-go-go-at-londons-first-
eco-disco/

Lighters Energy Generation 



Batteries: daily applications

Apple

Tesla Tesla

Microsoft

Batteries convert between electrical and chemical energy



LiCoO2: emergence of the Li-ion battery
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Mizushima, Jones, Wiseman, and Goodenough Mat. Res. Bull. 15 (1980) 783–789



The components of a charged Li-ion coin cell battery

Ve-

Li+

LiC6 + Li1-xCoO2→ Li1-xC6 +LiCoO2

metal 
casing
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Renewable energy: Photovoltaics and solar energy 

https://commons.wikimedia.org/w/inde
x.php?curid=29290121

https://commons.wikimedia.org/w/index.php?curid
=38904464

https://commons.wikimedia.org/w/index.php?
curid=2068452

Amorphous Si in current solar panels

Large body of research in discovering
new chemistries and determining the
structure-property relationships of
potential photovoltaic materials for
harvesting of solar energy.

Laurita, Fabini, Stoumpos, Kanatzidis, and Seshadri, Chem. Sci. 8 (2017) 5628–5635.

CdTe MAPbI3



Rapid recent increase in efficiencies of hybrid halide photovoltaics 
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Main group halide perovskites: low cost, facile synthesis, abundant elements 

2

X- = Br, I

B2+ = Sn, Pb

A+ = MA, FA, Cs

Methylammonium
[MA]+

CH3NH3
+

Formamidinium
[FA]+

CH(NH2)2
+



Lone-pairs may play an important role in properties 

Can visualize the Sn2+ lone pair in 
CsSnBr3 as a lobe of electron 

density opposite of the direction 
of cation displacement. (Δa=5%)

Fabini*, Laurita*, Bechtel, Stoumpos, Evans, Van der Ven, Kanatzidis, and Seshadri, 
J. Am. Chem. Soc. 138, 11820 (2016) [*equal contributions] 9



Research in the Laurita Group

Polar materials for 
piezoelectric applications.

Oxide cathode materials for 
battery applications.

Semiconductors for 
photovoltaic applications. 

MAPbI3

Focuses on understanding the structure—property relationships of inorganic solid
state materials, particularly those of relevance to energy and electronics-related
technology:


