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[Physical Chemistry: Standard]

Answer problems (1) and (2).
(1) Answer the following questions regarding oxygen molecule O, and ozone molecule Oj.

(a) Draw schematically the molecular orbital energy diagram of O, in the ground state while correlating

the atomic orbitals of O according to the scheme in Figure 1.
(b} Explain why Os in the ground state is paramagnetic.

(c) Answer whether O; has a linear or bent structure. Explain the reason by drawing schematically the

molecular structure of Os according to the scheme in Figure 2.
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Fig. 1. Molecular orbital energy diagram of H, Fig. 2. Molecular structure of ethylene C,H,4

(2) Chapman proposed that production and decomposition of ozone in the stratosphere proceed via the

following elementary steps:

0, +hv 2% 0+0 (eq 1)
o+ 02+M—k'°-+ 0;+M (eq2)
O; +hv -Ji> 0+0, (eq 3)
05+0 = 0,+0, (eq 4)

where ji, ks, jj, ky are the rate constants of the individual elementary steps. The rate constants j; (i = 1, 3)
are given by the products of the flux of UV-light and absorption cross-section of O, and Os, respectively.

M represents an arbitrary molecule which is not directly involved in the reactions. In the following, the

concentration of chemical species X is represented as [X].

(d) Under the steady-state approximation to O and Os, the steady-state concentration of Os, [Os]sts

satisfies the following quadratic equation.

[03]51° + a[O3)sr + B =0 (eq 5)
Express the coefficients a and 8 in terms of /,, ks, j3, ks, [M], and [O].

(¢} Express [Oslsr in terms of i, ks, /s, k4, [M], and [O] by using the quadratic formula.

(£ [Oslsr is approximated to be proportional to in terms of [0,] if the relationship kyj3 [M] > kyj; holds



in the stratosphere. Express the proportional coefficient in terms of j1, ko, /3, k4, and [M].

(g) UV-light with the wavelength of 250~-350 nm is absorbed by O; according to (eq 3). Now suppose
that 250-nm light is absorbed only by O; with the absorption cross section of 1.1x107"7 cm®
moIecu‘le'1 and that the concentration of O; is 9.1x10" molecule cm™ if the thickness of the O; layer
in the stratosphere is compressed to 1 cm. Find in one significant figure how many times the
intensity of 250-nm light will increase at the Earth’s surface when the concentration of .03 decreases
by 1%. Use the following values if necessary: exp(0.1) = 1.1, exp(1) = 2.7, exp(10) = 2.2x10%,
exp(100) =2.7x10%.

(h) The air in the stratosphere is heated by the presence of Oj. Briefly explain the reason for the heating

by considering the role of molecule M in (eq 2).



