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Wide-gap semiconductor ZnO is characterized with high binding energy of 

Wannier-Mott excitons (60 meV) and promising luminescence efficiency. ZnO 

nanoparticles (NPs) are widely applied in the fields of optoelectronic devices [1]. 

ZnO NPs have shown a high potential for the biolabeling application [2] that 

require the NPs size reduction (at least less than 100 nm) within maintaining the 

same level of the second harmonic generation (SHG) efficiency.  

In this work we report on the nonlinear optical (NLO) properties and SHG 

efficiency of ultra-small NPs. ZnO NPs with the efficient luminescent and 

quadratic NLO responses were prepared by a hydrolytic route. The resulted ZnO 

NPs were characterized with optical and IR spectroscopies. Core stabilization, at 

the early stages of hydrolysis, limits the further growth. The average size of NPs 

was estimated to be within 2.0–2.8 nm with absorption measurements. The PL 

emission and UV-Vis absorption increase with the content of NPs. The PL bands 

were analysed and the respective band area was addressed to the oxygen vacancies. 

The NLO characterization of ZnO NPs was provided by the self-action effect 

monitoring within the picosecond laser pulses at 1064 nm. It was shown the ZnO 

NPs isolated from solvents of different nature have a diverse efficiency of the 

absorptive and refractive NLO responses. The correlation between the Im(χ
(3)

) 

magnitude and the oxygen deficiency in ZnO was shown. The SHG in the ZnO 

NPs was studied under the femtosecond-laser excitation at 800 nm. The SHG 

efficiency is comparable for ZnO NPs of ~2 and ~150 nm. For biolabeling 

applications, this effect is quite important, if one apply the SHG response 

techniques with small ZnO NPs. 
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