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Temat grantu obliczeniowego:Temat grantu obliczeniowego:
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Realizowane zadania w ramach grantu:Realizowane zadania w ramach grantu:

• teoretyczne badania układów z wiązaniem wodorowym, 
• teoretyczna analiza natury wiązań chemicznych i reakcji 

chemicznych,
• teoretyczne badania oddziaływań w modelowych 

klasterach,
• teoretyczne badania nowych materiałów.
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 Badania kwantowomechaniczne tlenków i ozonków fulerenu C70 i ich 

modyfikowanych endohedralnie     analogów. 

Projekt badawczy własny, nr. N N204 2807 38

Realizacja projektu: 29.03.2010 – 28.03.2013

Kierownik: dr Andrzej Bil

 Eksperymentalne i teoretyczne badania układów oddziaływujących z 
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światłem podczerwonym w niskich temperaturach (XEPHOT). 
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Chemistry, Open Initiative 2009;  nr. projektu:  ERA-Chemistry-
2009/01/2010 
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Kierownik: prof. dr hab. Zdzisław Latajka
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Reaction of atomic hydrogen with Reaction of atomic hydrogen with 
formic acidformic acid

H + HCOOH → ?

Three possible different channels:

• reaction with the oxygen atom of the hydroxyl group (OH),

• reaction with the oxygen atom of the carbonyl group (C=O),

• reaction with the carbon atom.



  

Experimental studies in Kr matrix. 

HCOOH/HBr/Kr (1/2/1000)   T = 4.3K

Calculations – UCCSD(T) and UMP2 with aug-cc-pVTZ

Reaction with the oxygen atom of the hydroxyl group 
(OH).

No minimum was found. Formation of a new H-O bond, the break of C-
O bond and the formation of water molecule, which finally leads to the 
HCO…H2O complex.

HCOOH → CO….H2O

HBr → H + Br

H + CO…H2O → HCO…H2O



  

HCO…HHCO…H22OO

HCOOH → CO….H2O

HBr → H + Br

H + CO…H2O → HCO…H2O



  

Experimental studies in Kr matrix. 
HCOOH/HBr/Kr    T = 4.3K



  



  

H + HCOOH → HC(OH)2

H + HCOOH → H2COOH



  

CC7070 and C and C7070OO33 doped with noble gas  doped with noble gas 

atoms and light moleculesatoms and light molecules

BOMD, BLYP+D3, T = 298 K, NVT

Eight isomers of C70O3

a,b-C70O3    c,c-C70O3 (observed)

C70O3 → C70O3 +  O2

Noble gas: He, Ne, Ar, Kr, Xe and Rn

Light molecules: BH3, HCl, CH4, H2O, NH3, CO2, H2 and 2H2



  



  

Vol.(0K) [Vol.(0K) [ÅÅ33]]

CC7070 213.0213.0

He@CHe@C7070 213.0213.0

Ne@CNe@C7070 212.0212.0

Ar@CAr@C7070 212.9212.9

Kr@CKr@C7070 213.0213.0

Xe@CXe@C7070 213.4213.4

Rn@CRn@C7070 213.7213.7



  

Ar@C70 (-13.0 kcal/mol)

Kr@C70 (-18.1 kcal/mol)

He@C70 (-1.4 kcal/mol)



  



  

Relative energy (kcal/mol)Relative energy (kcal/mol)



  



  



  

ΔΔE  (kcal/mol)E  (kcal/mol) EETS TS (kcal/mol)(kcal/mol)

a,b-Ca,b-C7070OO33 7.77.7 14.314.3

He@a,b-CHe@a,b-C7070OO33 7.77.7 14.314.3

Ne@a,b-CNe@a,b-C7070OO33 7.77.7 14.414.4

Ar@a,b-CAr@a,b-C7070OO33 7.87.8 14.414.4

Kr@a,b-CKr@a,b-C7070OO33 8.18.1 14.614.6

Xe@a,b-CXe@a,b-C7070OO33 8.88.8 14.814.8

Rn@a,b-CRn@a,b-C7070OO33 9.09.0 14.814.8

e,e-Ce,e-C7070OO33 -13.2-13.2 1.81.8

He@a,b-CHe@a,b-C7070OO33 -13.2-13.2 1.81.8

Ne@a,b-CNe@a,b-C7070OO33 -13.1-13.1 1.81.8

Ar@a,b-CAr@a,b-C7070OO33 -13.1-13.1 1.81.8

Kr@a,b-CKr@a,b-C7070OO33 -13.4-13.4 1.71.7

Xe@a,b-CXe@a,b-C7070OO33 -14.3-14.3 1.51.5

Rn@a,b-CRn@a,b-C7070OO33 -14.8-14.8 1.41.4



  

Main conclusion:

The presence and identity of the guest molecule influences only slightly the 
energy barriers an reaction energies of ozone ring opening process in:

Ng@a,b-C70O3, Ng@c,c-C70O3, and Ng@e,e-C70O3,

lm@a,b-C70O3, lm@c,c-C70O3, and lm@e,e-C70O3.
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