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Seminar Speaker: Prof. Zhu

Department of Chemistry
University of Virginia

Questions for “Insight into the Role of Entropy in Promoting Electrochemical CO2 Reduction by Imidazolium Cations”. Seonmyeong Noh, Yoon Jin Cho, Gong Zhang, and Marcel Schreier.  Journal of the American Chemical Society, 2023, 145, 27657-27663.

Answers due to at the beginning of class Friday Dec. 5th.


1. 	 Background – CO2 Reduction

(a)	According to the author’s Introduction, what is the long range goal of this area of research (SA)?

(b)	What does CO2RR stand for? (SA, cit.)

	(c)	What are some of the potential CO2RR products of CO2?   (SA, cit.)

(d)	What is imidazole?  Give an example.  (SA, ChemDraw)

(e)	What is an imidazolium cation?  Give an example.  (SA, ChemDraw)

(f)	Draw the structure of EMIM and EMMIM cations.  (SA, ChemDraw)

(g)	What is meant by the CO2 reduction overpotential?  (SA, cit.)

(h)	What is the effect of EMIM on the overpotential? (SA)

2.	Background – Electrochemistry

	(a)	What is a galvanic cell?  What happens to a metal in a galvanic cell?  (SA, cit.)

(b)	What is an electrolytic cell?  What happens to metal cations in an electrolytical? (SA, cit.)

	(c)	What happens to CO2 at the Ag electrode?  Hint: describe Figure 1a in words.  (SA)

	(d)	What happens to EMIM at the Ag electrode?  Hint: describe Figure 1b in words (SA)

	(e)	Here’s a harder question.  Figure 1b(ii) and Figure 5b suggest a proton is transferred from EMIM to the bound anionic CO2.  That quenches the minus charge on CO2, but that would leave a minus charge on EMIM, creating a carbanion.  How likely is that?  Where have you seen something like this before?  Think Biochemistry. (SA, cit., ChemDraw)

	(f)	What solvent was used in these experiments?  (SA)

	(g)	Draw the Lewis structure of NBu4PF6 (showing all the bonds).  What is its function in the electrochemical experiments?  Why did they choose NBu4PF6?  (SA, ChemDraw)

	(h)	Describe the linear sweep voltammetry (LSV) experiment. What parameter is varied as a function of time?  Sketch a graph of this. (SA, cit., ChemDraw)

(i)	A more useful way to present LSV data is a graph of current (j) as a function of applied potential (E) (see Figure 1c).  The units on the y-axis are mA cm–2.  What does mA stand for? Explain why they used cm–2. (SA)

	(j)	In these experiments Fc+/Fc was used as a reference electrode.  What does the Fc stand for?  Draw its structure.  Write out the electrochemical reaction showing how Fc+ is converted into Fc.  (SA,cit.)

	(k)	What happens to catalyst EMIM at –2.45 V?  (SA)

(l)	What does “onset potential” mean?  What is the effect of EMIM on the CO2 onset potential?  (SA, cit.)

(m)	How do the authors measure the activation barrier?  What (whose) equation do they use?  What quantity is varied and what quantity is observed?  What is plotted on the x- and y- axes of this experiment? (SA, cit?)

	(n)	What is the product of this particular CO2RR and how (by what analytical technique) did they measure its presence?  (SA)

	(o)	Figure 2a shows a positive slope.  Why? (SA,)

	(p)	In the presence of NBu4+, does the voltage required to bring about a certain current increase or decrease with temperature?  Why? (SA)

	(q)	When NBu4+ is replaced with EMIM, what happens to the temperature dependence of the overpotential?  Why is this weird?  (SA)

	(r)	What equation is used in an Arrhenius plot?  What is plotted on the x- and y-axes of an Arrhenius plot?  What does one learn from the slope of an Arrhenius plot? (SA, cit.)

	(s)	Think about the x-axis in an Arrhenius plot (Figure 2b).  Does temperature increase from the right to left, or left to right?  Does the reaction rate increase or decrease with increasing temperature?  Does this result make sense?  (SA)

	(t)	How do the authors rationalize this result?  Specifically, what two phenomena do they mention? (SA)

	(u)	What is the slope when NBu4+ is replaced with EMIM?  What is the Ea in this case?  Why is that weird? (SA)

	(v)	According to the authors what is the rate limiting step?  (SA)

	(w)	How do “charge compensating” molecules play a role in this step?  Does this increase or decrease the ordering of the EMIM near the electrode?  Is that favored or disfavored? (SA)

	(x)	The authors use the concept of entropy to explain the apparent absence of barrier to this reaction.  Explain (¶).



