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During my unit on ligand substitution reactions, I usually dust off some of my old kinetics data from my grad school days to show them what rate data actually looks like.  My students have all had p-chem already so should know about rate laws and reaction orders.  I present them with some first order rate data that I carried out at various temperatures in order to motivate the Eyring equation and Eyring plot in order to get activation parameters.  I then have them consider various ways of fitting the data.

I was taught (many years ago) the common misconception that fitting the linearized form of the Eyring equation overstates the error in the intercept because on a 1/T axis, the intercept is at infinite temperature, and the intercept is far from the real data. While researching various methods of data fitting, I stumbled across this great article from the New Journal of Chemistry (New J. Chem., 2005, 29, 759–760, doi:  10.1039/b501687h) which proves that in fact, the errors in ∆S‡ and ∆H‡ are the same no matter how you fit the data… but… you must be sure to appropriately weight the data in the non-linear fit.  The supplemental information for the paper includes the real data so that you can examine it in more detail.
The Eyring equation:

linearized form (
[image: image1.emf]








ln

k

T

=-

∆

H

‡

RT

+

∆

S

‡

R

+

ln

k

B

h

)

non-linearized form 
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(k = rate constant (s-1), R = gas constant (8.31441 J/mol·K), kB = Boltzmann’s constant (1.3806·10-23 J·K-1), h = Planck’s constant (6.6261·10-34 J·s-1)).
I have only used this material as part of a lecture and then with follow-up questions in a problem set, but I imagine it would work well as an in-class activity, Here is an outline of how you might use this in class.  Please let me know if it works out for you by posting your own in class activity or posting in the comments! The New J. Chem. article gives one example data set, and as a related problem set activity, I provide a second example.
I)  for students who know how to use Mathematica, the attached Mathematica file was developed by my student Ryan Brewster (HMC, Chem 104, Spring 2010).  The file could be presented to the students and then you could have them work through the various types of fitting outlined in the file.  A pdf of the Mathematica file is attached for those who don’t have access to that program.
II)  Another way to do this in class would be to take a kinetics data set (there is usually one in the chapter on ligand substitution reactions, or you could use the dataset in the article) and divide the class into several groups.  Have one group of students fit the linearized data, one group fit to the Eyring equation using non-weighted data, and a third group fit to the equation while weighting the data appropriately. 
After fitting the data, each group could discuss pros and cons of their approach.  For example, fitting linearized data is easier, and doesn’t require weighting.  But computers are powerful enough now that fitting the exponential fit isn’t difficult.  The authors of the paper make a brief warning about the dangers of linearizing data.
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