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Q1. Fe(I) ion is stable in the weak-acidic aqueous solution at room temperature
without applying any electrochemical potential as shown in Figure 1.
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Figure 1. Pourbaix diagram of iron ion in
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the aqueous solution.

1-1 Please provide the balance chemical equations between each pair of specie
transformation (A—B, A—C, A—D, D—C, B—C). You can ignore the
concern of solubility and assume each species is soluble in water.

(points * 5 = 15 points)

1-2 For A—B transformation at the equilibrium condition, can it be measured by
cyclic voltammogram (CV) directly? Please explain. (8 points)

1-3 Please provide the redox equations for X and Y. (3 points * 2 = 6 points)

1-4 For oxidizing a metal ion M"" to M™"V" in the aqueous solution, it requires to
apply +0.9V vs. standard hydrogen electrode at pH = 7 condition. Can this
oxidation be able to measure by CV? Please explain. (6 points)
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Q2. For a given redox reaction, it can be expressed as the followed: (15 points)
Ox + mH" + ne— — RedH,,

where the reaction of quotient can be expressed as Q = H[)ij?:f]‘; given RT*InK

= vFE® (v denotes the number of electron change for a given redox reaction.)
Please derive the explicit terms of Nernst equation for the influence of pH.

Q3. Please sketch the d orbitals splitting diagram for [Co(H,0)s]*", and indicate each
orbital and the symmetry they belong to. Please fill its d electrons into the diagram.
(10 points)

Q4. (A) How many microstates for a 3d'4S' configuration? (2 points)

(B) Determine all free-ion terms and the ground-state term for a 3d'4S'
configuration. (8 points)

Q5. What kind of electron transfer reaction will occur in the following pairs of reactants,
and why? (8 points)
(A) [Co(NH3)s(H,O)J*" + [Cr(H20)6)*"

(B) [Co(NH;)sClI] > + [Cr(H20)6] >

Q6. Count the electrons surrounding the metal center of complexes. (Write down how
you count the electrons.) (12 points)

(A) Mo(CO)3(PR3)2(Hz)
(B) E ) 0
CFQCI/
~

(C) (n'-Cp)(n°-Cp)Fe(CO),

(D)
O
@\ I
Fe

oC”” \C/Fe @
0
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Q7. The character table for D4 is listed below. (10 points)

Dhg E 2S84 (&) 2C; 204

I's 8 0 0 2 2

Iy 4 0 4 0 0

Dy E AT g (),

A, 1 1 1 1 1 oy
As 1 1 1 -1 -1 R.

B, 1 -1 1 1 -1 P
B, 1 -1 1 -1 1 RS

E 2 0 =2 0 0 (X, M. (R R, (X2, ¥3)

(A) What is the order of D,4?
(B) Reduce functions of I', and I'y.



