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fig. 10.17 The formation of P- and
R-branches in a linear vibrating rotor
and the location of the (usually
invisible) Q-branch.
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10.3 (a) Energy level diagram of the lowest vibrational-rotational levels in a diatomic molecule
showing the absorptive transitions from the band with » = 0 to the band with v = 1. The
band spectrum contains two branches: the R branch with A7 = +1 and the P branch with
AF = —1. The lines in each branch are labelled by the ¥ value of the lower level.

(b) A spectrogram showing the lines corresponding to the transitions shown in (a). It is
assumed that the rotational constants of the v = Qand v = 1 are the same so that the lir;es are
equally spaced in frequency, except for a gap corresponding to the vibrational frequency y,.

R

T'IITS‘TFLZIO 1>2375678910P(7)

I [T 1] ]

I (v=0—>1)
3059.07 cm™! 2885.90 cm™' 2651.97 cm™!

10.4 Absorption spectrum of HCl. The double peaks exist because naturally occurring chlorine is a
mixture of the two isotopes **CI(75.5 per cent) and 3’Cl(24.5 per cent). The position of the central
gap in the spectrum determines 7, = 2885.9 cm ™!, (Aw, = 0.369 eV) and the spacing determines the
rotational constant B = B/hc = 10.59 cm™! (B = 1.31 x 1073 eV). (By courtesy of R. Colin.)

Table 10.1 Wave numbers of the central lines in the rotational-vibrational band (v = 0 < 1) of
HCI

b (cm™!) A(ecm™)
R(5) 2997.78
R(4) 2980.90 16.88
R@3) 2963.24 17.66
R@2) 2944.89 18.55
R(1) 2925.78 19.11
R(0) 2906.25 19.53
Vo missing at 2885.90 —
P(1) 2865.09 —
PQ) 2843.56 21.53
P(3) 2821.49 22.07
P(4) 2798.78 22.71
P(5) 2775.79 22.99
P(6) 2752.03 23.76

A = Wave number difference between neighbouring lines.
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FIG. 10-1 Potential-energy functions, vibrational energy levels, and vibrational prob-
ability functions ¥? for two typical electronic states of a diatomic molecule.
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10.10 Electronic transitions illustrating the Franck—-Condon principle.
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FIG. 10-4 Part of the emission spectrum of Ny, The assignment of the components of the band to the vibrational levels of
the two electronic states shown below the spectrum has been worked out with the aid of a treatment like that illustrated in
Table 10-1. The heavy arrows are drawn to call attention to the series of transitions that occur from a given v’ level to
various v/’ levels. (Courtesy of J. A. Marquisee, Case Institute of Technology, Cleveland, Ohio.)
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10.13 (a) Fluorescence. (b) Phosphorescence
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