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1. Outline of research results in 2009 

 In our research we use single-molecule spectroscopy to study nanoscale 

structure and optical/electrical properties of organic and polymeric materials.  

(1) Relationship between structure and optical/electrical properties of -conjugated 

polymers 

In this ongoing research project we concentrated on the physical control of the 

conjugated polymer structure (conformation). In contrast with previous approaches 

where we controlled the conformation by solvent quality of by chemical composition of 

the polymer side-chains, this time we chose to limit the range of possible conformations 

by using physical restriction imposed by a periodic template. The template is a 

phase-separated non-conjugated block-copolymer thin film consisting of a regular array 

of vertical columns a few nm in diameter. In the first phase of this research we 

concentrated on exploring methods to incorporate a single conjugated polymer chain 

into such column. The most promising method appears to be a post-doping process 

where a chemical force (concentration gradient) at an interface formed by the 

free-standing block-copolymer film is used to incorporate water-soluble PPV derivative, 

MPS-PPV, into the film columns. Restrictions on the PPV conformation due to the 

column are expected to significantly affect the conjugated polymer photophysical 

properties and increase its emission quantum efficiency in solid state.  

   In a related research, super-resolution microscopy was used to study nanoscale 

light-emission domains in single chains of the conjugated polymer MEH-PPV. 

 

(2) Microscopy and single molecule study of the process of electroluminescence in 

organic light-emitting devices 

We found previously that in non-conjugated polymer-based organic light-emitting 

devices doped with organometallic phosphorescent complexes the charge recombination 

and electroluminescence (EL) processes occur in discrete sites with a diameter of a few 

hundreds of nanometers. These high-efficiency sites are randomly distributed in the 

device and show strong driving-voltage-dependent emission fluctuations on timescales 

of tens of seconds. The origin of the sites lies in favorable local conformation of the 

host polymer that enables efficient charge injection and/or transport. The emission 

dynamics is likely caused by conformational changes due to high local current densities. 

To investigate further this phenomenon we extended the study to devices which use 

conjugated polymers as the charge transporting/light emitting layer. We compared 



devices with two different cathode structures, a low electron injection efficiency Al 

cathode and high-efficiency LiF/Al cathode. The conjugated polymers were 

commercially available derivatives of the PPV family, MEH-PPV and a polymer with 

commercial name Super Yellow. We found that the phenomena observed on the 

non-conjugated polymer devices are not unique to dye-doped systems and that the same 

trends can be found in the conjugated systems as well. These are, namely, 

driving-voltage dependent nanoscale spatial and temporal heterogeneities in the devices. 

The appearance and magnitude of these heterogeneities are directly related to the 

electron-injection efficiency from the cathode, but also to the chemical composition of 

the PPV compound.  

  

(3) Microscopic study on the inner structure of individual light-harvesting complexes  

of photosynthetic bacteria  

In this ongoing research we measured and analyzed absorption anisotropy (linear 

dichroism, LD) of individual chlorosomes, the light-harvesting complexes of green 

photosynthetic bacteria, using two newly developed microscopic methods, 

single-molecule fluorescence-monitored three-dimensional LD and single-molecule 

absorption LD. The results show that the inner structure of each chlorosome is affected 

(to a varying extent) by local structural disorder along the chlorosome long axis, and 

that excitonic disorder is not manifested in the LD observables. Using a simple 

structural model, the LD observed on single chlorosomes provided limits for the angles 

at which excitonic transition dipole moments of the bacteriochlorophyll aggregates can 

be oriented within the chlorosome.   

 

(4) Study on nanoscale dynamics in polymer thin films near glass transition 

Dynamics of polymers and glasses near glass transition temperature Tg is an important 

yet little understood phenomenon. Here, we used a single-molecule approach to get 

insight into the nanoscale nature of the glass transition. We explored the potential of the 

phenomenon of fluorescence blinking of a cyanine dye molecule embedded in a 

polymer film as a probe of the nanoscale structural dynamics. We found that the ratio of 

blinking molecules depends linearly on temperature and reflects the increase of free 

volume associated with each dye molecule. At the same time, the rate of the blinking is 

insensitive to temperature because the cyanine dye conformational change which is 

associated with the blinking occurs at rates that are orders of magnitude faster than the 

rates of the relaxation of the surrounding polymer main chains (alpha relaxations). The 

blinking of single cyanine dyes can thus serve as an alternative probe to measure 

temperature changes of local free volume in polymers. 
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