Micro Problem Set 3. Answers						
CHEM 231

Level 1 questions:

a) Draw the hybrid orbital described as F = 0.71 s - 0.45 px + 0.55 py
in a clearly defined coordinate system.



b) Write a hybrid orbital expression for an orbital FA that is 25% s, 25% px 25% py

and 25% pz.  What is the conventional name of this hybrid type?

F = 0.5 s + 0.5 px + 0.5 py+ 0.5 pz

Or, an sp3 hybrid for tetrahedral geometies.

Level 2 questions:

a) An octahedral geometry metal complex of formula M(CN)3Cl3 can exist as two isomers.  Draw the two possibilities.



b) Can infrared vibrational spectroscopy distinguish the two isomers of M(CN)3Cl3?  Do a vibrational symmetry analysis to determine whether IR could be used to identify the exact structure of M(CN)3Cl3.

Since the CN bonds will have the strongest absorption properties, those would be the best choice to monitor in the IR spectra.
So for a basis set of 3 x CN stretching vibrations, r(CN):

C2v     |  E   C2   s(xz)   s(yz)			C3v  |  E   2C3   s’   s’’   s’’’
         R(CN)         3     1      3         1 				R(CN)  3     0      1      1     1 
(if the three CN are placed in xz plane)

    so R(CN) transforms as 2 A1 + B1  in C2v   and	R(CN) transforms as A1 + E  in C3v
This produces 3 absorptions in C2v     but only 2 absorptions in C3v because the E mode is degenerate (two vibrational modes occur at same energy)


Extra credit: (non-P-chem folks, you may and *should* work with an experienced P-Chem savvy classmate on this if you wish to complete the extra credit)


a) Prove that the two hybrid orbitals:
F = 0.95 s + 0.32 px   and F = 0.32 s - 0.95 px
are orthogonal.

F F= 0.95 s + 0.32 px)(0.32 s - 0.95 px)  =

0.95 s *0.32 s)  + 0.95 s * (-0.32 px)  + (0.32 s * 0.95 px) + 0.32 px)(-0.95 px) =

0.95 *0.32 s * s)  + 0.32)( - 0.95 )  px)( px) =

0.95 *0.32 * + 0.32)( - 0.95 )  *= 0; therefore these two are orthogonal

b) Prove that the two hybrid orbitals:
F = 0.95 s + 0.32 px   and F = 0.95 s - 0.32 px
are not orthogonal.

F F= 0.95 s + 0.32 px)(0.95 s - 0.32 px)  =

0.95 s *0.95 s)  + 0.95 s * (-0.32 px)  + (0.95 s * 0.32 px) + 0.32 px)(-0.32 px) =

0.95 *0.95 s * s)  + 0.32)( - 0.32 )  px)( px) =

0.95 *0.95 * + 0.32)( - 0.32 )  *≠ 0; therefore these two are NOT orthogonal

c) Prove that the hybrid orbital:
F = 0.95 s + 0.32 px   
    	 is normalized.


F F1= 0.95 s + 0.32 px)2  =

0.95 s *0.95 s)  + 0.95 s * (0.32 px)  + (0.32 s * 0.95 px) + 0.32 px)(0.32 px) =

0.95 *0.95 s * s)  + 0.32)(0.32 )  px)( px) =

0.95 *0.95 * + 0.32)(0.32 )  *=  0.90 +  0.10 =  1.00; therefore this hybrid orbital is normalized.
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