
 

 

TEMPORAL DYNAMICS OF OPTICAL PROPERTIES  

IN SINGLE NANOASSEMBLIES   

«SEMICONDUCTOR QUANTUM DOT CdSe/ZnS – ORGANIC DYE» 

E. I. Zenkevich
1
, L. А. Sakevich

1
, C. von Borczyskowski

2 

1
National Technical University of Belarus, Minsk, Belarus 

2
Center for Nanostructured Materials and Analytics, Chemnitz Germany 

E-mail: zenkev@tut.by 

A better understanding of the effects of organic ligand binding on the pho-

toluminescence (PL) of single semiconductor CdSe/ZnS quantum dots (QD) 

is critical to interpreting existing ligand binding data derived from solution 

photoluminescence measurements. In this respect, single molecule/single 

nanoassembly experiments is a tool to precisely identify the interaction of ex-

actly one QD with one dye molecule leading to a microscopic understanding 

of the formation (including ligand dynamics) and related mechanisms of PL 

quenching dynamics for “QD-Dye” nanoassemblies. Here, we report experi-

mental results being obtained for single CdSe/ZnS QDs passivated by 

perylene-bisimide molecules (PBI) in samples prepared by spin coating a 

5·10
–11 

M solution of the QD-dye mixture onto a Si/SiO2 (100 nm thick SiO2) 

surface at ambient conditions. Spectral and kinetic parameters for QD alone 

and “QD-Dye” nanoassemblies have been obtained using a home built laser 

scanning confocal microscope described earlier [1]. The corresponding struc-

tures are shown in fig. 1. 

 

 

 

 

 

 

 
Fig. 1. Structures of perylene bisimide (PBI), long-chain amines (AM) and schematic 

presentation of mutual arrangements of dye molecules with respect to the QD surface for  

“QD-perylene diimide” nanoassemblies 

With respect to “QD-PBI” nanoassemblies, we would like to show how 

the spectral detection of single objects may give information about distinct 

nanoassembly geometries and conformational mobility of PBI molecules at-

tached to the QD surface. Fig. 2 shows spectra of single PBI and CdSe/ZnS 

QD obtained via confocal microscopy for spin-coated samples [2]. The spec-

tra can be divided into three classes: QD PL (part A), PP fluorescence (part 

C), and the sum of the two spectra (part B). Upon constant laser excitation 
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(exc= 465 nm) all types of spectra show typical single quantum object finger-

prints, that is luminescence intermittency (blinking) and spectral fluctuations 

(shown at the bottom). The experimental luminescence decay times averaged 

over 500 ms are shown as a function of observation time on the right side of 

each spectrum. In case of PBI a nearly mono-exponential decay varying be-

tween 4 and 6 ns is detected for different single molecules, while the decay 

time for QDs is fluctuating between 50 ns and 5 ns (experimental lower limit 

in time resolution). The observation of the sum of the two spectra shown in 

the middle has been assigned to the formation of “QD-PBI” nanoassemblies.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2.  Emission spectra of single CdSe/ZnS QD and PBI molecule  

From fig. 2 it is seen that at t  57 s PP fluorescence is bleached while the 

QD remains emitting because of higher photostability in comparison with an 

organic dye. In addition, the PL band of this quantum dot is blue shifted dur-

ing observation time which might be caused by photooxidation of the QD 

core and is enhanced by the attached dye molecule. While the fluorescence of 

single PP molecules decays almost mono-exponentially, the PL of single QD 

decays clearly multi-exponential. In addition, single molecule data provide 

more specific information on the structure and stability of the QD-PBI nano-

assemblies. Thus, single functionalized molecules can be considered as ex-

tremely sensitive probes for studying the complex interface physics and exci-

ton relaxation processes in QDs. 
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