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1. PHD PROJECT DESCRIPTION (4000 characters max., including the aims and work plan) 
Project title: Synthesis and spectral studies of fluorescent difluoroborates 
1.1. Project goals 
The goal of the project is to synthesize new class of fluorescent dyes and test them in order to 
gain information how much the change of the substituent1,2 is able to influence the position of 
the absorption and fluorescence maximum. In the next step the structure of the charge transfer 
exhibiting molecules3 is going to be modified as to obtain compounds capable for two-photon 
absorption.4 Selected molecules will be studied in detail experimentally and with the use of 
theoretical methods and their potential for two-photon excited microscopy purposes will be 
judged and then optimized. 
1.2. Outline 
The project begins with the synthesis of the substrates that will be CH or NH acids. With those in 
hand the next step is to convert their molecules directly into the highly light absorbing 
compounds. After first experimental results the idea of the research will be judger in the light of 
its optimal performance. Thus, the following decisions will be made in the light of next steps in 
the synthesis: a) the use of the proper substituent to make the reaction yield higher, b) choosing 
the best molecular fragment in the light of its rigidity that should be a warrant of the radiative 
energy dissipation and c) the use of the proper substituents as to obtain compounds carrying 
bulky groups which, then could be used for controlling the intermolecular interactions in solid 
state. 
1.3. Work plan 

The list below shows main point towards reaching the project goals. 
1. The synthesis of dyes. 
2. Their purification and structure confirmation. 
3. Studies of their physicochemical properties including 

a. absorption, 
b. luminescence, 
c. sensitivity to the polarity of the medium (solvent), 
d. two-photon absorption studies of the chosen compounds. 

4. Optimization of the molecular structure based on previous results. 
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1.5. Required initial knowledge and skills of the PhD candidate 
A candidate should be familiar with: 

a) organic synthesis and compounds separation/purification 
b) methods to study the photophysical properties of molecules 
c) drawing conclusions based on systematic changes implemented in molecules 
d) being familiar with the current research tools related to database search, office 

software and more specialized one related to physicochemical characterisation of 
organic compounds 

1.6. Expected development of the PhD candidate’s knowledge and skills 
It is expected that PhD student will gain the following skills: 
a) synthesis of new fluorescent dyes and methods form their purification 
b) ability to tune the properties in systematic way based on the Hammett substituents 

constants 
c) ability to design structure of fluorophores in order to obtain compounds capable for 

sensing 
d) ability to tune the structure of the two-photon absorption active compounds 

  


