Cvičení 2:

Methyl group rotation in acetic acid
Calculate the rotational barrier of methyl group in acetic acid and IR spectra in the gas phase. Use the HF method and 6-31G(d,p) basis set. Use keyword scan to get the rotational potential profile. For the minimum and maximum energy structures recalculate the energies at MP2/cc-pVDZ level. Compare the charge distribution obtained at the HF/6-31G(d,p) and HF/6-311++G(d,p) levels using Mulliken, NBO, and ESP analysis.
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Hints:

· Build the Z-matrix for CH3COOH using molden. Use just Cs symmetry (one symmetry plane. Use atom numbering depicted above. C1, O2, O3, H4, C5, and H6 atoms are in symmetry plane. 

· Rotation of CH3 group along C1-C5 ax will by studied. Define the CH3 group position by dihedral angle H6-C5-C1-O2. Dihedral angles for H7 and H8 must be specified with respect to H6 in order to scan the rotational potential.

· Optimize the geometry of acetic acid.

· Scan the rotational potential for H6-C5-C1-O2 dihedral angles in the range 0-60o in steps of 10o. Note that the symmetry is not conserved during the rotational process. Use keyword NoSymm. This PES scan is possible to visualize in matlab, go to matlab/Utery/CH3COOH and run m-file scan or visualize the data in excel and compare results. 
· Different charge analysis are performed through pop=nbo or pop=mk, in route section (summarize different analysis in excel table) 
· Calculate the IR spectra and compare them with experimental data for the gas phase


Experimental data
http://cccbdb.nist.gov/alldata2.asp?casno=64197
Figure from:

http://webbook.nist.gov/cgi/cbook.cgi?ID=C64197&Type=IR-SPEC&Index=1#IR-SPEC
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