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Overview

• Background
• Methods
• Applications



Some examples

• Flourine oxides (CPL,287,1998)

• CF3OH (CPL,277,1997)

• Hydrofluorcarbons (CPL,403,2005)
• HSO radical(I.J.Q.C.,80,2000)
• POP (furans and their precursors)



Persistent Organic 
Pollutants

• POPs are organic compounds that 
are resistant to environmental 
degradation through chemical, 
biological, and photolytic 
processes.

• High Toxicity
• Bioaccumulation
• Diabetes
• Persistence on environment



POPs

• Some examples :
   Aldrin     Dioxins    Furans       

Chlordane
   PCB          DDT        Heptachlor
   Dieldrin     Endrin     Mirex           HCB
• From :
- Pesticides
- Combustion ( forestal, waste, 

hospital)



Experimental data

• Dangerous
• Problems with incomplete Cl 

combustion
• Sample impurity
• Lack of vibrational frequencies
• Variety of compounds
• Uncertainty in entalphy in phase 

transition



Density Functional Theory

• Hohenberg & Kohn ,Phys. Rev. 136 B 
864 (1964)

    n(r)  V(r)  Electronic Properties

•  Solve by Kohn & Sham ,Phys. Rev. 
140 A 1133 (1965)



Our work

• Six functionals
  -  B3LYP, B3PW91, Mpw1pw91, B98
   - PBE, PBE0

• 2 basis sets
   - 6-311++G(3df,3pd)
   - 6-311++G(3d2f,3pd)



Isodemic Reactions

• An isodesmic reaction is a 
chemical reaction in which the 
number and type of chemical bonds 
and lone pairs are conserved in each 
side of the reaction.

• We obtain enthalpies theoretically, 
heat of reaction,so together with 
experimental heat of formation 
deduce interesed spieces.



Chlorobenzenes



Chlorobenzenes



Chlorophenols



Chlorophenols

Molecule
Avg./3df* PBEPBE/3d2f* Exptal 1 Exptal 2 This work Delta PBE

3mcp 30,7 30,9 32,7 31 1,1 1,0
4mcp 30,3 30,4 30,6 28,8 0,6 0,7
23dcp 36,4 36,5 35 1,5 1,5
24dcp 37,5 37,7 37,4 35,5 1,0 1,2
25dcp 38,5 38,3 37,9 37 1,0 0,8
26dcp 36,7 36,4 35 34,1 2,1 1,9
34dcp 34,7 34,3 35,9 33,9 0,3 0,6
35dcp 37,0 36,5 35,4 33,9 2,3 1,9
penta 45,5 47,0 48,8 3,1 1,8



Furans



Hepta/Octa Cl PCDF

Wang et al, Theochem,275,2005

Saito,Fuwa, Chemosphere,40,2000
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Conclusion

• DFT is an appropiate tool in 
atmospheric thermochemistry

• Isodesmic reactions are suitable 

• Non empirical PBE is the best 

• Extensive basis set



Our team

• Prof. Dr. Oscar Ventura (Uruguay), 
leader

• Dr.  María Paula Badenes (Argentina)
• Dr.  Martina Kieninger (Uruguay)

 

        Thank you, enjoy 
Santiago !!!
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