Problems Created in the Symmetry Workshop…for each problem assume that only one vibrational mode per Mulliken symbol and that modes do not necessarily exist just because they would be observable.

It is recommended that you work through the problems created by the other group to gain experience and also to check their provided answers.

1. Given these data sets and the three compounds N12, NClFBr3, and CB4O4; match the compound with its appropriate data set.

Data Set I: Two IR bands. Two Raman bands.  There are no IR bands with the same frequency as the Raman bands.

Data Set II: One IR band.  Three Raman bands. One Raman band has the same frequency as one of the IR bands.

Data Set III: One IR band.  Three Raman bands.  There are no IR bands with the same frequency as the Raman bands.

2. Raman and IR spectra are obtained for three compounds: CH4, H2O, CO2.  Identify each compound based on the following three data sets.

Data Set I:  One observable IR band.  Three observable Raman bands.  The IR band has the same frequency as one of the Raman bands. 

Data Set II:  Two observable IR bands.  Three observable Raman bands. Two of the IR bands have the same frequency as two of the Raman.

Data Set III: Three observable IR bands. Four observable Raman bands. Three of the IR bands have the same frequency as three of the Raman bands.

3. Match the compounds NF5, N2O4, and SiCl4 to their appropriate data set of IR and Raman spectroscopy results.

Data Set I:  Three IR bands. Four Raman bands. There are no IR bands with the same frequency as the Raman bands.

Data Set II: One IR band. Three Raman bands.  The IR band has the same frequency as one of the Raman bands.

Data Set III: Two IR bands. Four Raman bands.  Two of the Raman bands have the same frequency as IR bands.

4. Three molecules—cyclopropane, XeF6 and F2O—yielded three data sets.  Match each compound to its correct data set.

Data Set I:  Two IR bands. Two Raman bands.  Both IR bands have the same frequencies as both Raman bands.

Data Set II:  Two IR bands. One Raman band.  The Raman band has the same frequencies as one of the IR bands.

Data Set III: One IR band.  One Raman band. There are no IR bands with the same frequency as the Raman bands.

Solutions (as determined by the problem writing team): 

1. Point groups are Ih for N12, D3d for NClFBr3, and Td for CB4O4.  Data Set I is NClFBr3, Data Set II is CB4O4, and Data Set III is N12.

2. Point groups are Td for CH4, C2v for H2O, and C∞v for CO2.  Data Set I is CH4, Data Set II is CO2, and Data Set III is H2O.

3. Point groups are C4v for NF5, D2h for N2O4, and Td for SiCl4. Data Set I is N2O4, Data Set II is SiCl4, and Data Set III is NF5.

4. Point groups are D3h for cyclopropane, D4h for XeF6, and C2v for F2O.  Data Set I is F2O, Data Set II is cyclopropane, and Data Set III is XeF6.

