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® 02+ 2H"+2e - H202(aq) E°=+0.695V
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[fnorganic and Analytical Chemistry: Standard]

Answer problems (1) and (2).

(1)
(a) Name the type of chemical bond for each apex (A) - (C) _ﬁ
[
in Ketelaar triangle (Fig. 1). = (A)

- A
b 8
(b) Find the acid and base in the following reactions () and % 2
[&]

®. Draw the molecular structure of SnCls~ and I5~. % (B) (C)

@ SoCl,+Cl"— SpCly™

Average of electronegativities
@ I'+th->1

Fig. 1 Ketelaar triangle

(¢) The formation constant of a complex coordinated by multidentate ligands (e.g. H;N-C;Hs-NH>) is
generally larger than that coordinated by corresponding monodentate ligands (e.g. NH;) (Chelate
effect). Briefly explain the origin of this difference from the viewpoint of thermodynamics.

(d) In a spinel ferrite, CuFe;0q, Fe ions are in high-spin states. Calculate the ligand-field stabilization
energies (LFSEs) for Cu and Fe ions in CuFe;O4 with normal spinel structure and those in CuFe;O4
with inverse spinel structure. Choose which structure (normal or inverse spinel) is more stable

based on the calculated LFSEs. Briefly explain the process of the calculation. Drawings can be
used for the explanation.

(e) *P is aradioactive isotope of phosphorus, which emits f particles with a half-life of 14.3 days. Find

the nuclear species formed by the B-decay of **P. What is the appropriate radiation screening
material for 32P?

(2) Answer the following problems concerning redox reaction. Use Faraday constant F = 9.65 x 10* C mol”,
gas constant R = 8.31 J K mot!, 1n10 = 2,30, if needed.

(f) Equations @—® represent the half reactions of oxygen reduction in water under acidic and basic

conditions. Calculate standard electrode potential E° for reduction of hydrogen peroxide to water

under pH = 0 with three significant digits. The E° values in the equations 3—(® are measured at T
=298 K. pK, of hydrogen peroxide in water is 11.7.

® O+ 2H' + 26— Hx0: (ag) E°=+0.695V
@ O +4H +4e > HO EP=+123V
® O;+H;0+2¢ — HO; (aq) + OH" E°=—0.0649V
® 0;+2H:0 +4e” — 40H (aq) E°=+0401V

(g) Show the reaction formulae for disproportionation of hydrogen peroxide in water under pH = 0 and

pH = 14. Given T = 298 K and activities of all chemical species are unity, calculate the reaction



Gibbs energy 4G for each reaction with two significant digits. Show the process of the calculation.

i

{h) Draw a schematic plot of 4:G versus pH for the disproportionation of hydrogen peroxide in water.

(i) The disproportionation of hydrogen peroxide is accelerated by a catalyst such as MnO,. Briefly
describe the applicability of Fe** and Co*" as a catalyst for the disproportionation of hydrogen
peroxide based on thermodynamics. Use the E° values for reactions @ and @, if needed.

@ Fe** (aq) + ¢ — Fe¥* (aq) E=+0.771V
Co® (aq) + ¢~ > Co* (aq) E=+192V



