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Questions related to S. Noury, B. Silvi, and R. Je§ile,|norg. Chem., 2002 41, 2164.

Questions Related to the Assigned Pap¢t0.0 points)

1. (2.0 points) The title of this paper is “ChemicahBing in Hypervalent Molecules: Is the
Octet Rule Relevant?”. What is the definitiorhgpervalent in terms of the original Lewis
concept of the octet rule? How was the bonding in wghemt molecules once described on the
basis of hybrid orbitals? What evidence (prior te fflaper) makes it inappropriate to describe
hypervalent bonding in terms of such hybrid orbitalshatvs meant by the termodified octet

rule, and how does this model circumvent the problems dfiybad orbital approach to bonding
in hypervalent molecules? On the basis of the malddfetet rule, are bonds in hypervalent
molecules expected to be different from those in nonfrgent molecules? By way of
illustrating your answer, show how one might descrileebibnding in a molecule such as,BR

the basis of the modified octet rule and compare ihéontodel for PE

2. (2.0 points) The paper examines the bonding in atyarfienolecules with central atoms in
groups 15-17 usingLF topological analysis. Thati_F? Define th€ELF termscore basin,
monosynaptic basin, disynaptic basin, andvalence shell population. Describe wWhyELF is
particularly well suited to address the two central questad this paper:

(i) How many electrons does the valence shell ottdrgral atom in a hypervalent

molecule contain?

(i) How should the bonding in a hypervalent moleculeléscribed, and is it

different from that in a similar nonhypervalent malle@

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

Table 1. Properties of the AX Bonds in Reference Molecules:
Disynaptic Basin Population (A, X), Ligand Monosynaptic Basin
Population V(X), Monosynaptic Basin Population V(A), Valence Shell
Population N.{A), Effective Valence Population Ner(A)

(A, X) X) H(A) NAA) New(A)

NF3 0.84 683 256 5.08
NCh 1.23 650 256 6.26
HNO 1.99 516 255 6.62
PF; 0.84 697 212 4.64
PCly 128 659 213 5.96
PMe; 1.90 2.16 7.86
HPO 2.02 546 228 6.35
PH:Me (H) 1.97 211 7.88
(Me) 1.83
AsFy 7381 235 2577 516
AsCh 0.99 690 235 5.32
AsMe; 1.85 248 .03
AsH:Me (H) 2.0 235 8.13
(Me) 1.76
HASO 7.47 254 121 621
SF, 0.60 703 224 568
SCl; 0.97 662 - 232 6.58
SeF; 0.15 751 234 4.97
SeCly 0.90 675 239 6.58
CIF 0.49 620 639 6.38
BrF 0.15 654 663 6.78

BrCl 0.84 6.64 6.68 7.52



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

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

Table 2. Properties of the AX Bonds in Group 15 Hypervalent
Molecules: Disynaptic Basin Population V(A, X), Ligand Monosynaptic
Basin Population ¥(X), Valence Shell Population N\{A), Effective
Valence Population Na(A)

VA, X) X No(A) Nea(A)

NF; Fap? 0.79 7.20 4.61
Foy 1.01 6.75
PFs Fa 1.03 6.82 533
Feq 1.09 6.78
PCls Cly 1.33 6.56 7.13
Clgg 1.49 6.43
PMe; Me, 1.86 9.42
Meyy 1.90
PF:0 F 1.06 6.80 5.13
0 1.95 5.88
PCLO Cl1 1.51 6.43 6.33
(] 1.80 5.93
PFO, F 1.03 6.83 4.51
0 L.74 6.13
PCIO, Cl 1.62 6.36 522
(o] 1.80 6.04
PH;CH; H 2.01 8.52
C 2.49 120
PF;CH; F 1.02 6.82 7.07
C 4.01
PMe;CH> Me 1.94 8.4]
CH; 2.59 1.21
AsFs Fop 7.88 39.45 5.03
Feq 7.90
AsCls Clyp 1.16 6.76 6.10
Cley 1.26 6.72
AsMes Mey 1.90 9.68
Meey 1.96
AsF;0 F 7.88 31.61 5.07
(&) 7.98
AsCLO Cl 1.27 6.71 11.71 5.82
o 7.89
AsFO, F 7.84 23.76 512
o) 7.96
AsClO, Cl 0.83 7.10 16.73 4.95
(o) 7.95

2 The abbreviations ap and eq refer to apical and equatorial positions of
the substituent. )

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



5. (2 points) In addition to the molecules listed inl&&h the authors studied hypervalent
molecules from group 16 and group 17. In molecules for whelgtbup 16 element valence
shell population can be obtained, the values range fro#éf@r Sek through 7.26 for Sgko

11.0 SeMgto 11.1 for TeMg In the few molecules with group 17 central atoms foickv
valence shell populations can be obtained, the vak@nsiderably less than 8. How do the
trends in these molecules compare with those appardre group 15 hypervalent molecules?
Explain any similarities or differences. Consideritighee data in this paper, is the modified octet
rule an appropriate description of the bonding in hypervaterecules? Explain in detail.

Green Chemistry Question (2.0 points) Explain how edectiensity calculations in general and
ELF analysis in particular might be applied to the practic8reen Chemistry. In answering this
guestion, you should demonstrate your understanding of theafjeoacepts of Green
Chemistry, as well as your understanding of electronitydongological analysis.



