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[Physical Chemistry: Standard]
Answer problems (1) through (6).

Figure 1 shows a photoelectron spectrum of H,O (gas) recorded using X-ray whose photon energy is

1253.6 eV. The two horizontal axes show the photoelectron kinetic energy and the ionization energy.
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Figure 1. X-ray photoelectron spectrum of HoO

(1) By denoting the photoelectron kinetic energy as i, the photon energy as iv, and the ionization energy

as I, express J using F, and Av.

Figure 2 shows the correlation diagram between the molecular orbitals of HO having the Cyy point group
symmetry and the atomic orbitals of H and O atoms, The definition of the coordinate system is shown in the
inset. The symbols a1, b1, and b; represent the symmetry species of the molecular orbitals. The symbols g and

u represent the gerade and ungerade symmetries of the molecular orbitals of Ha, respectively.
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Figure 2. Correlation diagram between the molecular orbitals and the atomic orbitals of HoO



(2) Assign the molecular orbitals from which the photoelectron is gjected to the five peaks D~® in
Figure 1 using the symmetry symbols such as 1 and 2a1 shown in the correlation diagram of

Figure 2.

The molecular orbital 34 is shown in Figure 3, which is composed of two Hl1s atomic orbitals, O2s atomic
orbital, and O2p: atomic orbital. The shaded areas in the atomic orbitals have the opposite phase with respect

to the unshaded areas.

Figure 3. The 3a1 molecular orbital of HO

(3) In a similar manner to Figure 3, draw the molecular orbitals specified by the symbols of 15; and 15,.
Assume that the 15; molecular orbital is composed of the O2p, and that the 14> molecular orbital is

~composed of two H1s atomic orbitals and O2p, atomic orbital.

(4) Explain the reason why the equilibrium geometrical structure of H>O is bent by referring to the

properties of the 3a) molecular orbital.

Figure 4 shows a photoelectron spectrum of HzO (gas) recorded using soft X-ray whose photon energy is

100 eV with the higher energy resolution than in Figure 1. The horizontal axis represents the ionization energy.
The inset shows the three normal vibrational modes of HyO, In Figure 4, the peaks @, @, and @& recorded
in Figure 1 are composed of many sharp peaks. In Figure 4, the vibrational progressions associated with the

excitation of the vy and vamodes can be seen in the peak @.
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Figure 4. Soft X-ray photoelectron spectrum of H,QO



(5) Explain the reason why the vibrational excitations occur in H2O* upon the photoionization of HoQ
using the term of “Franck-Condon principle.”

The wave numbgrs of the vibrational modes in the ¥, A, and B states of HO* obtained from the analysis of the
photoelectron spectrum in Figure 4 are summarized in Table 1.

Table 1. The vibrational wave numbers of H2O" in the ¥, &, and B states

Vibrational wave number (cm™)

Electronic state Peak v : "
X @ 3200 1380
A @ — 975
B . @ 2990 1610

(6) The equilibrium molecular geometrical structures of HyO* in the X, &, and B states are all bent,
Which one of these three electronic states can take the largest ~#H-O-H bond angle at the equilibrium

structure? Explain the reason why you choose this electronic state.



