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Schedule 
Course: Thursday, 12-14, “Victor Mercea” Amphitheater 
Lab: 
 1-st year students: Tuesday, 14-16,   room 233  - C. Craciun 
 2-nd year students: Tuesday, 16-18, room 233 – C. Craciun 

Syllabus FMR2203 
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Assignment 
3.5 p – written test 
4.0 p – practical test 
1.5 p – research paper analysis (optional) 
  - oral presentation 
1.0 p – Bonus 
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Computational Chemistry (Quantum chemical calculations) 

 - a branch of theoretical chemistry (molecular physics) 

 - the overlap area between computer science and chemical-physics 

  

major goals  

 - to create efficient mathematical approximations and computer programs  

  to calculate the properties of molecules (such as total energy, 
 dipole and quadrupole moment, vibrational frequencies, reactivity and 
 other diverse spectroscopic quantitities and cross sections for collision 
 of  molecules with different atomic or subatomic projectiles)  

 - to apply these programs to concrete physico-chemical systems  
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 Understanding, explaining, predicting (bio)molecular properties 
 Get information that is complementary information to experimental data 
 Research in the (bio)molecular field 
 Secure a job  

 -> pharmaceutical companies 

Biotin (vitamin B7 or H) - a water-soluble vitamin involved in the  metabolism of amino acids 
and carbohydrates 
Streptavidin –  tetramer protein   
        - used in biotechnolog  for the purification or detection of various biomolecules 
 
Biotin - streptavidin - one of the strongest non-covalent interactions known in nature 
   - shape complementary, extensive H-bonding interactions 
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Hydrogen bonding by QM electronic structure methods 
Biomolecules on surfaces 
Calculation of NMR spectra: the influence of the method and basis set 
TD-DFT for absorption spectra of dyes 
Scaling vibrational wave-numbers 
Basis set effects on molecular properties 
DFT and HF for guest-host interactions 
Reactivity indices from QC calculations 
QC calculations on molecules in an external electric field 
Ionic liquids modeled by QC methods 
Anticancer drugs: is DFT helpful? 
QM/MM approach for biomolecular systems 
Weak (non-covalent) intermolecular interactions 
DFT applied for biomaterials 
pKa calculations and pH dependent molecular structures 
Computational recipes for large molecules: the ONIOM method 
Adsorbed molecules on metallic surfaces 
Calculation of ESR spectra for paramagnetic compounds 
 
 
… (your choice) 
  

Research paper projects 

What to follow? 
 
Subject 
Aim 
Computational Methodology 
Usefulness of the theoretical data 
Main results 
Conclusions 
Comments 
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2. What shall we learn? 
 
 - the theory behind "molecular modeling" 
 - to use some molecular visualization packages 
 - to use program packages designed for molecular electronic structure theory 
 - to do calculations at different levels of theory and to interpret the results 
 - to make correlations between the experimental and theoretical data  

3. Contents of this course 
 Hartree-Fock Theory 
 Basis sets 
 Electron Correlation Methods 
 Basis set superposition error 
 Density Functional Theory 
 Geometry optimizations 
 Calculation of vibrational spectra 
 Calculation of NMR and ESR spectra 
 Calculation of UV-VIS spectra 

4. Can we do research? 
 pure theoretical studies 
 coupled experimental and theoretical investigation on the structure and 
 properties of molecular systems 

1. Why computing molecules? 
electronic structure calculations 

• electronic structure theory can be used as a very useful tool in the experimental 
research, providing new insights into physico-chemical problems. 
• useful results for those involved in experimental research. 
• interpret the properties of the novel developed materials  
• modelling the biochemical compounds 
• modelling the intermolecular interactions 
•… 
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Vasile Chiș 
Modeling non-covalent interactions and molecular 

excited states by DFT methods 

DFT as a “computational spectroscopy” tool 
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DFT:   8790 
DFT+NMR: 2126 


