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Spectroscopy in Inorganic Chemistry	Comment by Author: This activity was designed for an upper-level inorganic chemistry class and is intended to follow the activity which explores the Molecules and Light simulation.
Learning Goals:
· Describe, in general, how each different region of the electromagnetic spectrum influences molecules.
· Use data in a research article to explain how spectroscopy of metal complexes is different from organic gases.
· Explain how FT-IR is useful in Lab 6 to monitor the linkage isomerism of NO2 on a cobalt complex
· Design a series of spectroscopic experiments to identify intermediates in an inorganic synthetic pathway
Part 1: The Electromagnetic Spectrum	Comment by Author: To encourage student participation during the lecture, the instructor may ask about their answers to this task when filling in the spectrum on slide #3.
Label the regions of the electromagnetic spectrum in the picture below (from gamma to radio).

[image: ]
[bookmark: _GoBack]Part 2: Infrared Spectroscopy and Vibrational Modes
Of the 6 molecules used in the “Molecules and Light” PhET sim, CO, H2O, and NO2 are common ligands of inorganic complexes; complete the table below for these molecules.
	Molecule
	Lewis Structure
	Coordinating atom(s)
	# vibrational modes	Comment by Author: Students may need reminded that the number of vibrational modes for linear molecules is 3N-5 and for nonlinear molecules is 3N-6.

	CO
	



	
	

	H2O
	



	
	

	NO2
	



	
	



Part 3: Infrared Spectroscopy of Ligands	Comment by Author: In order to make this task more interactive, students may write the missing values on the chalkboard.

A. Consult the reference by Penland et al. (1956) to fill in the missing vibrational energies.	Comment by Author: Students will also refer to this article while performing the Linkage Isomerization laboratory. Students should be instructed to bring this article to class.
	NO2 gas
	
	

	N—O
	Asymmetric
	1671 cm-1

	N—O
	Symmetric
	1353 cm-1

	Co(NH3)5(NO2)2+
	
	

	N—O
	Asymmetric
	

	N—O
	Symmetric
	

	Co(NH3)5(ONO)2+
	
	

	N—O
	Asymmetric
	

	N—O
	Symmetric
	



B. Coordination of a ligand to a metal leads to higher or lower vibrational energies compared to the free ligand? How is this explained?	Comment by Author: After students complete the table in Part 3A, this is a good time for the instructor to discuss the trend observed in the data. Students may have trouble arriving at an explanation on their own for Part 3B, so slide #5 can be used to guide the discussion.



Part 4: UV-Visible Absorbance Spectroscopy	Comment by Author: The instructor can present slide #6 to transition from the spectroscopy of ligands (vibrational) to the spectroscopy of inorganic complexes (electronic absorbance). Then, students can continue to Parts 4 & 5, completing them in their small groups.

Electronic transitions in metal complexes
Using your knowledge of the spectrochemical series, rank the energy of the d—d transition for the following cobalt(III) complexes.	Comment by Author: Students can use a reference (textbook, internet, etc.) to look up the spectrochemical series if needed.
[Co(H2O)6]3+, [Co(ONO)6]3-, [Co(NO2)6]3-, [Co(NH3)6]3+








Part 5: Designing an Experiment	Comment by Author: This task will help students connect what they learned from the activity to what they will be doing in lab. The focus of this exercise is to have students think critically about a spectroscopic technique rather than to list all techniques that could be used.
Based on your answers above, design a set of spectroscopic experiments according to the guidelines below to determine if the following reaction goes to completion. Assume that the counter ion of the complex does not affect the spectroscopic properties and that Fe(III) is low spin (d5).

1. Identify a relevant spectroscopy technique
2. For that technique, give details about what you expect the data to reveal
3. Explain how the data will change for each complex in the reaction


 
Hint: You have the following materials at your disposal
FeCl3, [Fe(bpy)3](PF6)3, KCN
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