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KAIST CHEMISTRY CH747 
FALL 2016 

TAKE HOME EXAM (MIDTERM, updated) 
DUE 2:30 pm, November 2nd, 2016 

 
PLEASE CLEARLY STATE ASSUMPTIONS FOR EACH PROBLEM IF ANY AND 

WORK ON THIS EXAM INDEPENDENTLY. 
 
----------------------------------------------------------------------------------------------------------------	
•Faraday constant: F = 96485 C/mol 
•Nernst equation: 𝐸"# = 𝐸"% +
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  where Eeq is the equilibrium potential, Ee

o is the formal potential, n is the number of electrons, 
R is the gas constant, T is the temperature, CR is the concentration of R and CO is the 
concentration of O in the equation of O + ne– ↔ R. 

•Tafel equation: 𝑖 = 𝑖%𝑒(8,-9 *+) (at high 𝜂) 
where i is the current density, io is the exchange current density, a is the transfer coefficient 
and 𝜂 is the overpotential. 

•Butler-Volmer equation:	𝑖 = 𝑖%(𝑒(8,-9 *+) − 𝑒>((?>8),-9 *+)) 
---------------------------------------------------------------------------------------------------------------- 
 
 
Problem #1 (15 pt) 
For the following cell at 25 oC 
Al | Al3+(aq) || Sn4+(aq), Sn2+(aq) | Pt 
(Use the ‘electrochemical series’ uploaded previously.) 
(a) State the cell reaction (3 pt) 
(b) Calculate the cell emf when all concentrations are 0.1 M (ignore activity coefficients) (3pt) 
(c) Calculate ∆𝐺⊖ for the cell reaction in (a) (3 pt) 
(d) Calculate the equilibrium constant (Keq) for the cell reaction in (a) (3 pt) 
(e) State the positive electrode and the direction of electron flow in an external circuit 

connecting the two electrodes. (3 pt) 
 
 
Problem #2 (15 pt) 
The reaction Fe3+ + e– ↔ Fe2+ at a carbon electrode (area 0.2 cm2) has a formal potential of 
+679 mV vs SHE in 1 M H2SO4, a standard rate constant (ks) of 10–6 cm s–1 and a transfer 
coefficient (a) of 0.5. Note that in contrast to the exchange current density which is the equal 
anodic and cathodic partial current densities at the equilibrium potential, the standard rate 
constant is the rate constant for both oxidation and reduction at the formal potential and is given 
by 𝑖% = 𝑛𝐹𝐴𝑘G(𝐶I)JK(𝐶*)JL. 
(a) For a solution containing 10 mM Fe3+ and 1 mM Fe2+, calculate the equilibrium potential 

(Eeq) vs SCE and the exchange current density (io). (5 pt) 
(b) Use the Tafel equation to calculate current densities at 505, 613 and 853 mV vs SCE. (5 pt) 
(c) Compare the values with those obtained using the Butler-Volmer equation. Comment on 

the reason why current densities are similar/different from two different equations. (5 pt) 
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Problem #3 (30 pt) 
The voltammogram below is recorded at a Au RDE (area 0.2 cm2, rotation rate 3600 rpm) for 
a solution containing 100 mM Ce4+ + 50 mM Ce3+ in 3 M CH3SO3H in H2O. 

 
 
(a) Identify all the electrode reaction taking place (1–5) and indicate the rate-determining steps. 

(Use the ‘electrochemical series’ uploaded previously.) (5 pt) 
(b) Assuming that the plateau currents are proportional to the square root of the rotation rate of 

the disc, estimate the mass transport coefficient (mT) from the experimental data and 
compare the value with that from the theoretical equation. Note that the diffusion coefficient 
is 6 x 10–6 cm2/s and the kinematic viscosity is 10–2 cm2/s in this solution. (5 pt) 

(c) When the following steady state data were obtained, plot the Tafel plot (5 pt) 
E vs SCE (mV) 1290 1270 1250 1160 1140 1120 1100 1080 1050 
I (mA) +0.91 +0.62 +0.42 –0.39 –0.57 –0.84 –1.23 –1.81 –3.20 

     Estimate values for the equilibrium potential (Eeq) of the solution and the formal potential 
(Ee

o), exchange current density (io, unit: mA/cm2), the slope (unit: mV–1), and standard rate 
constant when the transfer coefficient (a) is 0.5 (ks, see problem #2) and for the Ce4+/Ce3+ 
couple. (15 pt, each 3 pt) 

 
 
Problem #4 (30 pt) 
The uploaded data are (1) raw oxygen reduction reaction (ORR) data for Pt nanoparticles on 
carbon supported WE with different rotation rates (100, 400, 900, 1600 and 2500 rpm) and (2) 
cyclic voltammograms in Ar and H2 environment, respectively. All data were acquired in 0.5 
M H2SO4 at RT and a sweep rate of 20 mV/s (except CV in H2: a sweeping rate of 10 mV/s). 
The CE and RE was Pt and SCE, respectively and a geometric WE area was 0.2 cm2. The Pt 
loading was ~7 µg/cm2. 
(a) Explain redox reaction at each current stage (current peak) in the cyclic voltammogram in 

Ar environment. (4 pt) 
(b) Estimate electrochemical active surface area (ECSA). (5 pt) 
(c) Plot ORR polarization curves (with all rotation rates, towards negative-potential scan only) 

presenting current density (current per geometric area) vs E (RHE). Assume that the 
uncompensated resistance and capacitance effect is negligible in this acidic solution. (5 pt) 

(d) Indicate kinetic-limited, kinetic-diffusion mixed and diffusion-limited region in (c) and 
comment on the reasons. (3 pt) 

(e) Calculate the number of electrons at 1600 rpm using Levich equation. In 0.5 M H2SO4, the 
kinematic viscosity (𝜈), diffusion coefficient of O2 (DO2), and solubility of O2 is 0.01 cm2/s, 
1.4 x 10–5 cm2/s and 1.1 x 10–6 mol/L, respectively, at 25 oC 1 atm. (3 pt) 



	 3	

(f) Plot Tafel plot with log (corrected current density) vs E (vs RHE) at 1600 rpm and indicate 
slope (mV–1). (5 pt) 

(g) Plot Koutecky-Levich plots at +0.90, +0.85, and +0.80 vs RHE and indicate kinetically 
controlled current density (ik) and the number of electrons (n) at each potential. Compare 
the values of n to the one estimated from (e). (5 pt) 

 
 
Problem #5 (10 pt) 
Discuss and explain why the activity of oxygen reduction reaction exhibits volcano relationship 
with regard to binding of O on the metal surface relative to H2O (Figure 4, J. K. Norskov et al., 
Journal of Physical Chemistry B, 2004) 

 
 
 
 


