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Questions related to S. Noury, B. Silvi, and R. J. Gillespie, Inorg. Chem., 2002, 41, 2164.

Questions Related to the Assigned Paper (10.0 points)

1.  (2.0 points)  The title of this paper is “Chemical Bonding in Hypervalent Molecules: Is the
Octet Rule Relevant?”.  What is the definition of hypervalent in terms of the original Lewis
concept of the octet rule?  How was the bonding in hypervalent molecules once described on the
basis of hybrid orbitals?  What evidence (prior to this paper) makes it inappropriate to describe
hypervalent bonding in terms of such hybrid orbitals?  What is meant by the term modified octet
rule, and how does this model circumvent the problems of the hybrid orbital approach to bonding
in hypervalent molecules?  On the basis of the modified octet rule, are bonds in hypervalent
molecules expected to be different from those in nonhypervalent molecules?  By way of
illustrating your answer, show how one might describe the bonding in a molecule such as PF5 on
the basis of the modified octet rule and compare it to the model for PF3.

2.  (2.0 points)  The paper examines the bonding in a variety of molecules with central atoms in
groups 15-17 using ELF topological analysis.  That is ELF?  Define the ELF terms core basin,
monosynaptic basin, disynaptic basin, and valence shell population.  Describe why ELF is
particularly well suited to address the two central questions of this paper: 

(i) How many electrons does the valence shell of the central atom in a hypervalent
molecule contain?
(ii) How should the bonding in a hypervalent molecule be described, and is it
different from that in a similar nonhypervalent molecule?

3.  (2.0 points) Refer to Table 1 from the paper, reproduced below.  



For the nonhypervalent molecules of P and As shown in Table 1, what trends in disynaptic basin
populations are evident with different ligands?  What trends in valence shell populations are
evident?  Why do these trends occur?  The monosynaptic basin populations are greater than 2,
and those of As molecules (2.35, except for AsMe3) are larger than those of P molecules (~2.13). 
Explain.  Looking at these data overall, do the nonhypervalent group 15 molecules obey the
classical or modified octet rule?

4.  (2 points) Refer to Table 2 from the paper, shown below.

Describe the trends in disynaptic basin populations in these hypervalent molecules (Table 2), and
compare them to the trends among comparable nonhypervalent molecules (cf. Table 1).  Is the
bonding in hypervalent molecules different from that in nonhypervalent molecules?  What trends
in valence shell populations (or where necessary, effective valence populations) are evident with
various ligands and central atoms (N, P, As)?  Why do these trends occur?  Are these data
consistent with the modified octet rule model of bonding in hypervalent molecules?  Explain.



5.  (2 points)  In addition to the molecules listed in Table 2, the authors studied hypervalent
molecules from group 16 and group 17.  In molecules for which the group 16 element valence
shell population can be obtained, the values range from 2.18 for SeF6 through 7.26 for SCl6 to
11.0 SeMe6 to 11.1 for TeMe6.  In the few molecules with group 17 central atoms for which
valence shell populations can be obtained, the value is considerably less than 8.  How do the
trends in these molecules compare with those apparent in the group 15 hypervalent molecules? 
Explain any similarities or differences.  Considering all the data in this paper, is the modified octet
rule an appropriate description of the bonding in hypervalent molecules?  Explain in detail.

Green Chemistry Question (2.0 points)  Explain how electron density calculations in general and
ELF analysis in particular might be applied to the practice of Green Chemistry.  In answering this
question, you should demonstrate your understanding of the general concepts of Green
Chemistry, as well as your understanding of electron density topological analysis.


