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F1g. 1. Energy Level Diagram of the Li Atom (after Grotrian). The wave lengths of the
spectral lines are written on the sloping connecting lines, which represent the transitions (see be-
low). The symbols S, P, - are explained on p. 27. The numbers in front of these symbols
are the principal quantum numbers n of the outer electron.
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Diagram illustrating electronic, vibration, and rotational energy levels and

transitions of diatomic molecules. The dashed curves represent harmonic oscillator po-
tential functions. The solid curve represents a more realistic potential energy function.
(Adapted from Slater and Frank [4].)
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Figure 3.8 Potential energy diagram for N2 compiled by F. R. Gilmore (Reference 7).
[Reproduced with permission of F. R. Gilmore, The Rand Corporation.]
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Figure 3.10 Potential energy diagram for O2 compiled by F. R. Gilmore (Reference 7).
[Reproduced with permission of F. R. Gilmore, The Rand Corporation.]
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F1c. 5.32. Electronic states and band systems of N, and N7 . The dashed transi-
tion lies in the far ultraviolet and has not been detected in aurora.
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F1c. 5.33. Electronic states and band systems of O, and O;. Only the Infrared
Atmospheric, the Atmospheric, and the First Negative systems have been detected
in aurora.
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Fic. 54. Energy Level Diagram explaining the Fine Structure of a Rotation-Vibration Band. In
general, the separation of the two vibrational levels is considerably larger compared to the spacing
of the rotational levels than shown in the figure (indicated by the broken parts of the vertical lines
representing the transitions). The schematic spectrograms (a) and (b) give the resulting spectrum
with and without allowance for the interaction between rotation and vibration. In these spectro-
grams, unlike most of the others, short wave lengths are at the left.
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Fic. 32. Fine Structure of the Principal Absorption Band (Fundamental) of n the Near

Infrared [after Imes (354)]. The ordinates give the percentage absorption, calc ed from the
galvanometer deflections. The numbers below the individual lines are the m values. The P
branch is to the left, and the R branch is to the right. With still higher resolution [see Meyer and
Levin (491) and Smith (1428)] each line is found to consist of two components on account of isotope

effect (see Fig. 33 and p. 142).
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shifts from nJ levels in £ to n <+ 1 levels in IT or a change of 41 in J. @ values corre-
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v level in 2 is 0 and in IT is 0, the band is known as the 0-0 band, and correspondingly,

if the electron shifts are fromv = 1inZ tov = 0inIl, it will be known as the 1-0 band.
(From Brode [1.16}.)
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Fic. 1. Graphical representation of the sequence Av = —4 of the N3 bands. The ab-
scissas of the small circles give the positions of the bands in the spectrum. (After Herzberg,

[1.1].)
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F1G. 2. Franck-Condon principle according
to wave mechanics. The potential curves are
so drawn that the “best” overlapping of the
eigenfunctions occurs for v’ = 2, v = 0
(see the dashed vertical line). r
labeled d indicate the preferred transition
if the lower potential curve were displaced
to the left by 8. Then D represents the
energy of the dissociation products. (After
Herzberg [1.1].)

The lines

1‘ Electric Dipole (E1) SMagnetic Dipole (M1) | Electric Quadrupole (E2)
Total inversion + - — + o4+ —o — + e+ — o —
Electronic o
inversion geou geg ueu geg ueu
AJ 0, =1 0* =1 (0 «+ 0) 0, £1, £2¢}
AS (a), (b) 0 0 0
AZ (a) 0 See AA 0
+1if AZ = 0;
AA (a) 0, 1 0if AT = 41 0, £1, £2
AQ (a) 0}, =1 +1 0, =1, =2
AA (b) 0* +1 0, =1 0, £1, £2
AK (b) 0§, =1 0, +1§ 0, £1§, £+2
*Not 0 — 0. tNot0—0,0—1, % — 3

1If 0 — O then AJ = 0.

§ Not for £ — Z transitions.
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Fic. 45. Energy Level Diagram
for the Rotational Raman Spectrum.
In the schematic spectrogram below,
the heavy line in the middle gives the
position of the undisplaced line. To
the left are the Stokes Raman lines, and
to the right are the anti-Stokes lines.
The numbers added to the Raman lines
are the J values of the lower state.
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F1c. 1. Schematic of Raman transition. Fic. 2. Raman scattering from HCI.

(From Harnwell and Stephens [1.10].)

(From Harnwell and Stephens [1.10].)
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F16. 3. Comparison of part of the H20 rotational spectrum with the theoretical spectrum.
(From Randall, Dennison, Ginsberg, and Weber [6].)
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