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F1. REFFRBOYMEME (298K, 1.013x10° Pa)

I77774 b FA¥XELF

EIERRE T Z L ¥~ (kI mol™) —393.5 . -3954
BT b e t— (K mol) 5.740 . 2.377

BE (gem™) 2.260 . 3.513



[Physical Chemistry: Basic]

Answer the following problems (1) through (3).

: + — 20
(1) Answer the following problems (a) through (d) regarding ' | ’
hpmonuple’ar diatomic molecules composed of the second > —H— -H— Img
periodic elements. S

(a) Schematically draw the electron configuration of O, % _H- -H_ Iy
following the example of F2 shown in Figure 1. _Tg —H— 20y

(b) Which of O;* and 02" has a longer bond length than 0,7 'g '
(c) Explain the reason for the previous question (b) in about % loy
50 words using t}le term "bond order". 'H‘ log

(d) In B, C2, and Ny, the energy ordering between 26, and 1mu  Figure 1. Electron

configuration of Fa. The

: arrow  indicates an

in about 40 words. electron with different
spin states.

shown in Figure 1 is reversed. Explain the reason for this

(2) The decomposition reaction of a triatomic molecule X3, 2X3 — 3X,, proceeds in the gas phase
according to the following reaction mechanisin: o '
X32X+X @
X+X3-X+X - @
where kw1, k1, k2 represent the rate constants for the rightward reaction of equation (1), the
leftward reaction of equation (1), and the reaction of equation (2), respectively. Answer the
- following problems (e) through (h). | B
(e) Apply the steady-state approximation to the concentration of atom X', [X'], and express
[X"] in terms of [X2] and [X3]. Also show how to obtain it. o )
(f) Express the decomposition reaction rate of X3 using [X2] and [X3]. Show how to obtain it.
() Express the decomposition reaction rate of X3 using [X»] and [X3] when equation (D isina
| rapid pre-equilibrium. Also show how to obtain it.
(h) Explain in about 20 words what conditions must be met for the reaction rates of elementary
processes to match the X3 decomposition rates obtained in problems (f) and (g).

(3) Answer the following questions (i) and (j) for the transition from graphite to diamond, using the
values in Table 1. _
(i) Find the change in Gibbs free energy associated with the graphite to diamond transition at
" 298K and 1.013 x 10° Pa, usfng two significant digits. Explain why this proéess does not
proceed spontaneously. | _ '
() Find the pressure (in Pa) required to produce diamond from graphite at 298 K, using two
significant digits. The atomic weight of carbon is 12.01.



Table 1. Physical properties of carbon. éllotropes (298 K,. 1.013x10° Pa)

graphite diamond
Standard enthalpy of combustion (kJ mol™) —393.5 —395.4
Standard entropy (J K1 mol™) - 5.740 2.377

Density (g cm™) o - 2,260 3.513




