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Electronic Spectroscopy
I. Lecture Topics.

Electronic spectra of diatomic molecules.

Vibrational fine structure.

Franck-Condon factors.

Rotational fine structure.

Electronic spectra of polyatomic molecules.

Some examples.

Fluorescence and phosphorescence.

Radiationless transitions.

Other dynamical processes.

Lasers.

Photoelectron spectroscopy.

II. Reading Assignment.

ADP, Chap. 17, pp. 538-578.  See also books on reserve, especially Hollas.

III. Problem Set #7, due April 15 at 5 PM.  (Hand-in Problems #2, 3, 7, 8, and 9.)
1. ADP, Prob. 17.7.

2. The following bands are observed in the “second positive system” (C3Πu-B3Πg) of molecular nitrogen, N2.  Arrange these in a Deslandres table, and find values of 
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 for the two electronic states.  (Suggestion.  Look at the pattern of bands first, before doing anything else.  Do any natural groupings suggest themselves?  It may help to draw a “stick spectrum” of the band origins, to scale, in order to pick out these patterns).

	35,522 cm-1
	29,940 cm-1
	25,913 cm-1

	35,453
	29,654
	25,669

	33,852
	29,010
	25,354

	33,751
	28,819
	25,003

	33,583
	28,559
	24,627

	32,207
	28,267
	24,414

	32,076
	27,949
	24,137

	31,878
	27,451
	23,800

	31,643
	27,226
	23,414

	30,590
	26,942
	23,016

	30,438
	26,621
	

	30,212
	26,274
	


3. Draw a “stick” diagram representing what you think the rotational fine structure in the (0, 0) band of the second positive system of N2 would look like.  The 
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 values of the two states are 
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(C3Πu) = 1.8259 and 
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(B3Πg) = 1.6380 cm-1.  Indicate on your diagram the line positions, intensities, and (J', J") values of the first few transitions (assume T = 300 K).

4. ADP, Prob. 17.5.  Start with the formula derived in Problem 17.4.
5. ADP, Prob. 17.15.

6. ADP, Exer. 17.11a.

7. Shown below is a portion of the phosphorescence excitation spectrum of methylglyoxal recorded in the collision-free environment of a supersonic jet             [J. Chem. Phys. 84, 4789 (1986)].  Explain the origin of the two sets of closely spaced (vibronic) bands, and the even smaller separations of the bands within each set.  What can be learned from such a spectrum?
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Laser-induced phosphorescence spectrum of T, methylglyoxal.




8. The fluorescence lifetimes of selectively excited single vibronic levels of the 1A2 state of H2CO have been measured with respect to excess vibrational energy E above the zero-point vibrational level.  A few selected data are listed below.  Explain why, in general, τ decreases with increasing E.

	E(cm-1)
	τ(μsec)

	
	

	68
	4.57

	501
	1.50

	1847
	0.66

	3006
	0.19


9. Draw a schematic diagram of a dye laser.  How does it work?
10. ADP, Prob. 17.11.
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