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Drucker, Stephen

From: Drucker, Stephen

Sent: Friday, November 01, 2013 10:56 AM

To: 2141.CHEM.115.501; 2141.CHEM.115.001

Subject: lecture clarification

In Friday’s lecture I rushed the discussion of the math behind hybridization, so I want to make sure you get it 

clearly. The Schroedinger theory was developed in the 1920’s  as an all-purpose tool for predicting the electron 

behavior in a range of substances, from simple atoms to complicated molecules. When you are using the theory 

to predict the shapes and sizes of “regular” atomic orbitals (isolated atoms – s, p, d, etc), the math is fairly 

complicated, but they could handle it back then without fancy computers. When they moved on to predict the 

orbitals on N that would overlap with the H atoms, the math got way more complicated because you now have 

H atoms in the vicinity, and the H’s needed to be included in the Schroedinger theory formula along with the N. 

At first they tried some approximations to get around the problem, but the approximate approaches still gave 

you orbitals that are oriented 90 degrees apart rather than 109 degress as they should be (from experiments). So 

later, in the 1930’s and 1940’s they worked harder at the math (still applying the same Schroedinger theory), 

which resulted in  the hybrid orbitals I introduced in lecture. This was satisfying at the time because the hybrid 

orbitals coming out of the theory point in the right directions according the experimental molecular geometry. 

 

This is all a bit controversial, because even the hybridization approach has approximations in it --  by the 1930’s 

they still did not have fancy computers. But they worked hard enough by hand to get the orbital picture to be 

compatible with the known geometry.  With modern computers (which can do virtually any kind of hard math), 

we now know that the “true” molecular orbitals are generally more delocalized than we are showing with the 

hybridization (aka valence-bond) scheme.  But the hybridization concept has stuck around, because it’s 

relatively easy to draw the hybrid orbitals.  

 

Looking forward in our discussion, the very last topic will be cases where the known geometry is trigonal 

planar (like BH3). In this case, a different hybridization scheme is used, involving the s along with just px and 

pz. This results in three (rather than four) hybrid orbitals designated sp2. The fourth orbital (py) remains 

unhybridized and unoccupied. We will discuss this case on Monday. 

 

SD 


