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New multifunctional materials are of great interest as the development of the element base for emerging technologies. Among them, nonlinear optical materials are considered for applications in optical information systems and optical communication. We study nanocomposites based on ionic liquid crystals of metal alkanoates, which contain nanoparticles (NPs) of various types (MANC — metal alkanoate nanocomposites) [1]. Recently, we have developed a method for the synthesis of core/shell hybrid NPs inside a cadmium octanoate matrix [2, 3]. We study their optical linear and nonlinear properties. The absorption spectra on MANC - hybrid core(Ag) / shell(semiconductor) NPs exhibit two distinct absorption bands. The narrow absorption band in the near ultraviolet region of the spectrum corresponds to the excitation of localized excitons in the semiconductor shells of the NPs. The wide band is in the visible wavelength range and is associated with the excitation of localized plasmons in the metallic cores of the NPs.


Nonlinear optical properties have been investigated by two methods: z-scan technique [4] and two-wave mixing. A nanosecond laser has been used as a laser source in both cases with the following parameters: second harmonic generation of a solid-state Nd3+ laser with Q-swithing, the pulse duration was ~ 10 ns, intensity in the laser beam was ~  10-70 MW/cm2. In our research, we prove that the optical nonlinearity in MANC — hybrid NPs is caused by formation of localized exciton-phonon bound states in hybrid NPs. These bound states can be excited in the core/shell NPs due to the very close spatial distance between the light-induced localized excitons and plasmons. We carry out a comparative analysis of nonlinear optical coefficients in the MANC — hybrid NPs with our previously results obtained for MANC with homogeneous NPs [5-6]. A rigorous analysis of inducing nonlinearity connected with exciton-plasmon bound states can be made on the basis of quantum-mechanical calculations.


Our results show that MANCs containing different types of NPs are promising both for applications in nonlinear optical devices and for research in the field of nanoscience for studying a new type of nonlinearity.
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