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MOFs for Carbon Capture

In fall 2023, Simon Weston was awarded the ACS Award in the Chemistry of Materials for his outstanding contributions to the chemistry of metal-organic framework materials for carbon sequestration.  

In this assignment you will learn about his recent work as you examine his 2020 paper “Cooperative carbon capture and steam regeneration with tetraamine-appended metal-organic frameworks” Science, 2020, 369, 392-396. DOI: 10.1126/science.abb3976


1. Carbon capture and sequestration (CCS) is the focus of the work presented in the article. 

(a) What form of carbon will these materials adsorb?


(b) What is the oxidation state of carbon in this gas? How does this oxidation state compare to the oxidation state of carbon in other compounds such as ethanol, acetic acid, or methane?

2. The authors state that most CCS development to date has focused on removing carbon dioxide from emissions generated by burning coal. 

(a) What is “flue gas”? 

(b) How are natural gas flue emissions different from coal flue emissions in terms of carbon dioxide content?

(c) How do both of these compare to the concentration of carbon dioxide in the atmosphere?

(d) How does the concentration of carbon dioxide affect the material used to adsorb it?



3. (a) How is adsorption different from absorption?


(b) Why is desorption also important in this context?

(c) Identify the elements of a good carbon capture system.

4. One of the tetraamine molecules used in the metal-organic frameworks (MOFs) described in this work is shown below.


[image: ]





(a) Why are these molecules called “tetraamines”?

(b) What is the shorthand label for the molecule above, and how is it named?

(c) Previously, similar materials were made using diamine molecules, as shown in Figure 1B. Compare the structures formed by diamines to those formed by tetraamines. What is the advantage of using tetraamine molecules instead of diamines?

(d) Look carefully at Figure 3, and describe how carbon dioxide adsorbs on the amine moiety in the metal-organic framework.




5. What is meant by the phrase, “cooperative carbon capture”?  Consult Figure 3D.
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