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Take-Home Assignment: Chromium Redox Chemistry and Interactive Electrochemical Modeling via Generative AI
1. The Latimer diagram for Cr in pH = 0 aqueous solution is given below. Which, if any, species are unstable with respect to disproportionation? Justify your answer.


[Cr2O7]2-  Cr5+  Cr4+   Cr3+  Cr2+  Cr

2. Write out balanced half reactions for the Cr6+ → Cr5+ and Cr3+ → Cr2+ reduction steps in the Latimer diagram shown in question 1.

3. Calculate the standard reduction potential () for the reduction of [Cr2O7]2- to Cr3+.

4. Derive the Frost Diagram for chromium in aqueous solution at pH = 0 using the Latimer diagram shown in question 1. Answer the following questions and explain your answers. 
· Is [Cr2O7]2- a powerful oxidizing agent or reducing agent?
· What is the most thermodynamically stable state?
· Are there any species in the diagram that show a tendency toward disproportionation?
· What is the overall Eo for Cr6+ /Cr2+ ? Calculate separately using the Latimer diagram and Frost Diagram.

5. Using Google Gemini and Colab…
a. [image: A close up of a sign

AI-generated content may be incorrect.]Open a new notebook in Google Colab.
b. In the search box click on “generate with AI” 
c. In a code cell, ask Gemini to…

Please generate an interactive Frost-Ebsworth diagram for chromium at pH = 0. The diagram should allow me to select two data points on the graph, and when I do, a tie line should be drawn between them that displays the slope of the line, which represents the standard reduction potential (E°) for that redox couple. Use the following standard reduction potentials for chromium:  Cr6+/Cr5+ = 0.55V,  Cr5+/Cr4+ = 1.34V,  Cr4+/Cr3+ = 2.10 V,  Cr3+/Cr2+ = -0.424V,  and  Cr2+/Cr = -0.9V.

d. Explain the overall outcome. Did Gemini AI successfully develop code that provides a correct, interactive Frost diagram capable of giving you accurate standard reduction potentials for different redox couples? Provide an image of the graph.
e. If it was not fully successful, ask Gemini AI to assist you with making corrections to the code. Were you able to get a fully functioning Frost diagram using Gemini AI / Colab? Provide an image of the final graph, even if you eventually gave up trying to get Gemini AI to give you a correct, interactive plot.

6. Using Claude AI…
Copy and paste the same prompt shown above into Claude AI. Run Claude AI. Do you get a Frost diagram that matches your Frost Diagram? If not, make necessary adjustments by asking Claude AI. Provide an image of the final interactive plot and show the tie line connecting [Cr2O7]2- to Cr3+ and final standard reduction potential for that redox couple. Does it match your calculated reduction potential from question 3?

7. You likely found that using Claude AI was easier to work with and generated a correct Frost diagram compared to using Gemini AI / Colab. Spend some time looking into the basics of Claude AI and Gemini AI / Colab in terms of their strengths and weaknesses, and briefly explain why this might be so.
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