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Effects of Changing Metals and trans Ligands on CO Stretching Frequencies 

Learning Goals: After this exercise you will be able to…
· Explain the effect of changing the metal on the CO stretching frequencies of a metal carbonyl complex

· Understand the role of ( and ( donors/acceptors in modified the amount of ( backdonation into a trans CO ligand

· Predict the degree of backdonation into a trans carbonyl that will be observed with an unfamiliar ligand

· Preform DFT calculations to find the minima and vibrational frequencies of a molecule using WebMO/Gaussian.
More Resources:

· Describing Complexes with metal-ligand ( bonding: Housecroft and Sharpe, Inorganic Chemistry, 3e, Pearson Prentice Hall, pp 648-654

· Describing Carbonyl Complexes: Housecroft and Sharpe, Inorganic Chemistry, 3e, Pearson Prentice Hall, pp 806-808

· ( Backbonding: http://en.wikipedia.org/wiki/%CE%A0_backbonding
· Metal Carbonyl Complexes: http://www.ilpi.com/organomet/carbonyl.html
· Computational modeling of carbonyl complexes: Montgomery, Craig D. J. Chem. Ed. 2007, 84, 102.
· One of the first metal/CO papers: L. E. Orgel, Inorg. Chem., 1962, 1, 25.
Part 1: How does the metal effect ( backdonation?
Using WebMO/Gaussian, calculate Cr(CO)6, Fe(CO)5 and Ni(CO)4 using B3LYP as the method and LANL2DZ as the basis set.  Chose (optimize + vib freq) for the job type.  In order to make input the geometry easier, we are going to calculate all molecules as C1.  When you input your geometries take care NOT to have three atoms collinear (bond angle of 180( between three atoms).

When the jobs have finished, click on the magnifying glass icon and confirm that all frequencies are positive (and so your structure is a minimum).  Animate the frequencies you think are CO stretching frequencies to confirm that they are.  Average all stretching frequencies in your molecules, and report the values below.

	Complex
	Average CO stretching frequency

	Cr(CO)6
	

	Fe(CO)5
	

	Ni(CO)4
	


Questions:
1. What do you notice about the CO stretching frequencies?  Is there more or less backdonation from the metal as you go from Cr to Ni?  What does this say about the amount of electron density available at the metal center?

2. As you go from Cr to Ni, you have fewer CO ligands sharing more electrons, so it would make sense that there is more donation from the metal into the (* orbital of the CO.  Is this consistent with your answer to #1?

3. As you go from Cr to Ni what happens with Zeff?  Does THIS explain your trend?

4. Do you think the CO stretching frequencies of Ru(CO)5 will be higher or lower than Fe(CO)6? Why?  (Extra points if you do a calculation to support your answer!)

Part 2: How does the ligand trans to a CO effect ( backdonation?
Using WebMO/Gaussian, we will calculate as a class Mn(CO)5L where L is a monoanionic ligand.  On the Moodle Wiki, chose one of the following ligands: CN-, NO2-, F-, OH-, Br-, and I-.  For the method, use B3LYP, and LANL2DZ as the basis set.  Choose (optimize + vib freq) for the job type.  In order to make input the geometry easier, we are going to calculate all molecules as C1.  When you input your geometries take care NOT to have three atoms collinear (bond angle of 180( between three atoms).

When the jobs have finished, click on the magnifying glass icon and confirm that all frequencies are positive (and so your structure is a minimum).  Animate the frequency you think is primarily the CO stretching frequency trans to your ligand to confirm that it is.  Report the values below and add your values to the class Moodle Wiki.  

	Manganese Complex
	Average CO stretching frequency

	Mn(CO)5(CN)
	

	Mn(CO)5(NO2)
	

	Mn(CO)5(F)
	

	Mn(CO)5(OH)
	

	Mn(CO)5(Br)
	

	Mn(CO)5(I)
	


Questions:
1. What do you notice about the CO stretching frequencies?  Is there more or less backdonation from the metal as you go from CN- to I-?  What does this say about the amount of electron density available at the metal center?

2. Which ligands are ( donors?  Which are ( acceptors?  Which are pure ( donors?  Can you use this to rationalize your CO frequencies above?

3. Having a ( donor trans to a ( acid can also be called a “push-pull” interaction.  Sketch how the orbitals of the best ( donor you calculated above interact with the metal and CO orbitals to form a push-pull interaction.  Is this the same as backdonation (backbonding)?
Part 3: The Great Backdonation Challenge
Your mission is to find a ligand that when placed trans to a CO causes the lowest CO stretching frequency.  Think carefully about the electronic nature of the ligand, the identity of the metal and its oxidation state.
Ground rules:

1. Your ligand, and your complex must be chemically plausible.  If you’re unsure if your molecule could actually exist, think about likely oxidation states and electron counts for the metal complex you’re proposing.  As you think about ligands, think about the ligand types we’ve seen so far in class (and any you’ve found in your own reading).  Come see me if you’re unsure.

2. Your ligand should be able to be calculated in the time allotted for this assignment.  If you have a large and floppy ligand, there will be problems.  Come see me with questions!

3. All of your ligands but one must be CO.

4. You must use a metal in the first row of the d block. 
For the method, use B3LYP, and LANL2DZ as the basis set.  Choose (optimize + vib freq) for the job type.  In order to make input the geometry easier, we are going to calculate all molecules as C1.  When you input your geometries take care NOT to have three atoms collinear (bond angle of 180( between three atoms).

When the jobs have finished, click on the magnifying glass icon and confirm that all frequencies are positive (and so your structure is a minimum).  Animate the frequency you think is primarily the CO stretching frequency trans to your ligand to confirm that it is.  Report your ligand and the resulting CO stretching frequency to the Class Moodle.  Best answer by 3/27/09 wins a prize!

Questions:
1. What was your strategy as you thought about metals and ligands that you would try?

2. Look at the “winner” and justify the fact it has a low CO stretching frequency.  Would you have predicted that complex as the winner?  Why or why not?
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