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Overview

* Background
* Methods
* Applications



Some examples

Flourine oxides (CPL,287,1998)
CF,OH (CPL,277,1997)

Hydrofluorcarbons (CPL,403,2005)
HSO radical(l.].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
From :

Pesticides

Combustion ( forestal, waste,
hospital)

HCB



Experimental data

Dangerous

Problems with incomplete Ci
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)

V;aff — VH =+ VXC = VYext



Our work

 Six functionals
- B3LYP, B3PW91, Mpwlpw91l, B98
- PBE, PBEO

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



lIsodemic Reactions

* An isodesmic reaction is a
chemical reaction in which the
hnumber 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

CsHe + nCHxClyx — CsH;Cle + C1 species

NIST- Pedley Cox & Yan Leon ef Zhu & Dorofeeva &

Species TRC*  efak Pilchners ef ap ak Bozzellr Yungman? This worke
MCB 520+13 42 6 49442 5
12DCB 297 302421 297+186 34020 341439 174 26 9+2 5
13DCB 255 257421 255+21 24620 247+39 116 194445
14DCB 222 225815 222+13 248+20 247439 119 193245
123TrCE 9.0 82+18 192+25 19546 4 58 79464
124ThrCE 0.2 49416 91425 94+64 -115 -0.3+6 4
135TrCE 69 26+14 06+25 06+6 4 -16.7 -7.346 4
1234TCE  -96 6.2+29 65+88 273 -9.0+6.1
1235TCE  -20.1 -34+29 -3 14885 -32 6 -16.346 1
1245TCE 234 -4 8+29 434889 -330 -18.8+109
PCEB -29.0 -59+3.2 41£114 -47.2 -25.6£5.1
HCEB -339 35594 360496 4535 26138 -o9.8 -31.4+4 5
MAD! 126 12.0 138 25

Max. Error 29 4 313 259 6.1

aifrom ref 22 Bifrom ref 30 cifrom ref 32 9from ref 523 eifrom ref #™ ffrom ref 22 sifrom ref 472 MPBE/G-311++G(3d2f 3pd)
calculations, error bars are taken as two times the standard error of the averaging procedure. "Mean absolute devia-
tion with respect to the NIST-TRC values, except for MCE for which Pedley's value was used !Maximum error with
respect to the expenmental values



Chlorobenzenes

£0

40

Fat

klmal

kJfrmol

20 30 a0 Z0 &0
Lls R*=0595 &
Doorofeeva & Yungman RP=0CEL &

Ladn ot al. R*z0845 m




Chlorophenols



Chlorophenols

Avg./3df* | PBEPBE/3d2f* | Exptal 1 | Exptal2 | Thiswork | Delta PBE
Molecule
3mep -30,7 -30,9 32,7 31 1,1 -1,0
dmcp -30,3 -30,4 -30,6 -28,8 0,6 0,7
23dcp -36,4 -36, -35 1,5 1,5
24dcp -37,5 37,7 37,4 -39,9 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
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Hepta/Octa Cl PCDF

Table 4.3. PBEPBE /6-311+G(2df.2pd) calculations of the enthalpy of formation (in
kJ mol™) of heptachloro and octachloro PCDFs.

Species Reaction (1) Reaction Reaction Mean Value Wang™ Saito'®

1234678-HpCDF -48.3 -50.3 -52.7 -50.4 4086 441
1234679-HpCDF -50.2 522 -54 B 523 218 372
1234689-HpCDF -55.6 577 600 578 -15.8 -36.8
1234789-HpCDF 723 -14.3 187 4.4 -128 -395
12346789-CDBF 577 -29.7 62,1 -08.8 -14.9 551

Wang et al, Theochem,275,2005
Saito,Fuwa, Chemosphere,40,2000



Heat of Formation Kj/mol

Furans

Furans
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Conclusion

DFT is an appropiate tool In
atmospheric thermochemistry

lIsodesmic reactions are suitable
Non empirical PBE is the best

Extensive basis set



Our team

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

* Dr. Maria Paula Badenes (Argentina)
* Dr. Martina Kieninger (Uruguay)

Thank you, enjoy
Santiago !!!



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18

