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Abstract 

 

• SHG  from single ferroelectric BaTiO3  nanoparticles  

• a diameter range  - 70 nm down to 22 nm 

• a far-field optical microscope coupled to an infrared 
femtosecond laser 

 

opens up the possibilities  

• of using them as bright coherent biomarkers 

• to investigate ferroelectricity at the nanoscale 

 



Introduction 

• Ferroelectric 

▫ Dipole moment 

▫ Ordering of dipole moments 
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Particle Synthesis and Colloidal Suspension 

The transmission electron microscope image 

Nanoparticle Powder 
Surfactants 

aminopropyltriethoxysilane (APTES) 

A dried powder → functionalized the surface with primary amine using 
APTES to obtain a stable colloidal suspension in an ethanol/water 
solution.  
 
Size distribution measurement with dynamic light scattering (DLS) 
method gave a peak centered at 32 nm 



Optical Transmission Microscope 
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the beam is focused to 3.2 μm in diameter by 
an objective onto the sample plane 



Measured SHG and AFM image 
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 Relation of BaTiO
3
 nanoparticle diameters and the logarithm of the SHG power 

𝐼~𝑉2   
 
𝑉~𝑑3   →   𝐼~ 𝑑6 

6th power law 



SHG power dependency 



 The measurement of the polarization-dependent SHG 



Conclusion 

 

• The authors conclude that the 22 nm particles of noncentrosymmetric BaTiO3 is exceptional in properties judging by SHG 
effects and the deviations from the “normal” behavior of larger particles can be attributed to peculiar core-shell structure of 
the particle. 

  

• The authors also conclude that their data on 22 nm particle indicate the presence of either tetragonal core-shell cubic 
structure or surface disorder in the nanoparticle. 

 

• They are going to perform some more calculation in order to prove their conclusion. 

 

• They claim that their method is outstanding in investigation of ferroelectricity and biomarker response in extremely small 
nanoparticles. 



http://en.wikipedia.org/wiki/Gaussian_beam 

Gaussian beam 

http://en.wikipedia.org/wiki/Gaussian_beam

