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Efficient coupling of the electronic transitions in organic or inorganic 

nanostructures to the photon modes of a microresonators is one of the main 

challenges in microcavity optics. Dielectric microspheres can act as three-

dimensional microcavities providing high Q-factors and a small mode volume 

which both lead to a strong optical feedback within the cavity. The optical 

resonances of these cavities, also called Whispering Gallery Modes (WGMs) 

are caused by total internal reflection of light at the surface inside the sphere. 

WGMs resonators offer great promise for the investigation of the fundamen-

tals of light-matter interaction and also in the development of wide range of 

applications such as low-threshold laser sources, dynamical filtering devices 

and sensors.  

Especially attractive for the development of the novel functional optoelec-

tronic materials is the assembly of J-aggregates in two-dimensional ultrathin 

films where external irradiation can lead to the formation of an exciton which 

is capable of spreading in all directions in this monolayer at a high speed, co-

herently and with extremely low energy loss. Recent efforts in this direction 

had been focused on the use of Langmuir-Blodgett (LB) thin film growth or, 

as an alternative, on the development of layer-by-layer (LbL) deposition tech-

nique. However, despite the fact that WGMs resonators usually show higher 

quality factor (Q-factor) than planar cavities, the integration of nanometer-

thick film of J-aggregates with spherical microcavities and demonstration of 

WGMs with high Q-factor remained a challenge till very recently. 

The results presented in this work demonstrate the feasibility of the devel-

opment of high-Q optical resonator consisting of the microsphere and fast-

emitting composite shell. Using micro-PL microscopy we studied an optical 

spectra of the individual microcavities and demonstrated efficient coupling of 

J-aggregate emission and Whispering Gallery Modes of the microcavities. We 

used fluorescence lifetime imaging spectroscopy to study modification of 

spontaneous emission rate upon dye aggregation and in J-aggregates attached 

to the microcavity. We also demonstrated directional emission from WGM 

cavity and attributed it to the photonic jets generated in the microsphere. The-

se results show that whispering gallery resonators with dye nano-aggregates 

can be used as micro-organic light-emitting and sensing devices.  

5


