Chem 612 - Fall, 2008
Assignment 8 - Solutions

4.1 The reducible representation, symmetry-allowed AGs passible combinations are listed
for each part.

(a) trigonal planar

E 2C, 3C, o, 2S, 30,
r|3 o 1 3 0 1

F=A'+E

All: S, d22 E" (pX’ py)i (dxyi dxz—yz)

A/ E' Notation

s (ph) sp
s (dy dey) scf
d>  (pop) pd=dp
dz (A dey) o

(b) square planar

D,|E 2C, C, 2C/) 2C i 25 o, 20, 204
r | 4 0 0 2 0 0O O 4 2 0

I'=A,+B,+E,
Alg: S, dzz Blg: dXZ_yZ Eu: (px’ py)

A, B E Notation

9 1g

s dap (PP dspf
de deyp  (PoP) o’p?

u




(c) trigonal bipyramid

D,, | E 2C; 3C, o, 25 3o,

F|5 2 1 3 0 3

F=2A/+A" + E
Alls, d22 A p, E: (px1 py)i (dxyi dxz—yz)

2A A E' Notation

sd: p, (PR dsp
S, d22 P, (dxyi dxz—yz) dgsp

(d) octahedral

O |E 8, 6C, 6C, 3C, i 6S 85 3o,

r | 6 0 0 2 2 0 0 0 4
=A,+E;+ Ty,
Alg: S Eg: (dzz, dxz—yz) Tlu: (px’ pyi pz)

Only possibility isd®sp’.

4.2 The indicated distortion takes the symmetry dowD,{o

F=A +B,+E

A1: S, d22 Bz: P, de E: (pxa py)’ (dxz’ dyz)



A, B, E Notation

s B (PR sp

s p (d,d,) spd=dsp

s dy (pp) spd=dsp

s d, (d,d) scf

d2 p. (p.p) dp=pd

d2 p, (dpd) pd=dp

d2 dy, (p.p) P&E=dp’

dz d, (d,d, d*
As with the perfect tetrahedrom j, thesp® andsd are still possible hybrids, although the
actual wave functions would differ, because the contobgtof individuab or d orbitals
would depend upon the angles in the distorted tetrahedramloWered symmetry admits

the possibility of the other six combinations, butriast cases these would be less likely
contributors to bonding than the modifigf andscf hybrids.

4.5 The approach to NHk similar to that for KD (see 4.4).

Fsac=A +E
Nitrogen AO symmetries are
S:Al pz:Al (px’ R/):E
All AOs match with SALCs, so there are no nonbondéwvgls. Boths andp, AOs match
theA, SALC, sos-pmixing is likely. If bonding and antibonding combinasomere formed
for boths andp, AOs, we would end up with eight MOs, but only seven A@&land H
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are available (disregarding the AO on N). We must make only three MOs from $tand
p, AOs and thé\; SALC. For simplicity, we will assume that teandp, AOs each form
essentially separate bonding MOs, but that togetherfoineya single mixed antibonding

MO. The resulting MO scheme is shown below, wheshéd lines indicate lesser
contributions frons-p mixing.
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(b) The P.E.S. has three bands with vibrational $imucture, indicative of ionizations from
bonding MOs. This is consistent with the MO schebwve.

(c) The VB model assumes one nonbonding lone pair apdnybrid. As the scheme
above indicates, this pair is weakly bonding. Thisisimconsistent with the well-known
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Lewis base character of NHbecause the(z) MO has considerable electron density above
the nitrogen, not unlike the customary picture of therit®lel's lone-paisp® hybrid. A
rough sketch of the MO is shown below:

(d) In a planar MEImolecule, such as BHthep, AO on the central atom is a nonbonding
7" (a,") MO inDg,. If the three hydrogen atoms move downward to fopyramidal
structure C,), they can form the(2) bonding MO. There is no advantage in doing this
unless there exists an electron pair to form the Ingraind thereby lower the overall energy
of the molecule. Consequently, the addition of anoglemtron pair to an otherwise planar
MH; molecule becomes the driving force to assume a pyragedehetry.



4.11 Boronsp® SALCs.

<2

D | E G GCly) C(X) i o(xy) o(x) o(y9
Iy | 4 0 0 0 0 0 4 0
I'g =Ay+ By + By, + By,
H SALCs
Da | E G2 GCly) C(X) i o(xy) o(x) o(y9
ry, | 2 0 0 2 0 2 2 0
Iy =A; + By,

The H SALCs have matching B SALCs and will form bogdamd antibonding
combinations. Th&,, andB,, B SALCs remain nonbonding. The LCAOs are shown
below for the bonding and nonbonding MOs.
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These give the following MO scheme for the two bridges:

2B spB 2H-B-H 2H 1s
6 bau.
// R \\\\
////O-* a.g\\\\ \\\\
— onb
ag + b29 + blu + b3u _}‘%ff:::: ___________ on b:ZLg :\\\
S SO u
™ :\\\\\ ’,—;\;\’{ - ag + b3u

4.13 Fluorines-SALCs:

r : %1' + E' +A2"

Symmetry of phosphorus AOs:

s=A" Pop)=FE p=A" [d2=A]



If we assume virtually nd,. participation, then one of the tw' fluorine SALCs will be
nonbonding. As the LCAOs shown below indicate, #jidluorine SALC has appropriate
form for bonding and antibonding combinations vathon phosphorus.
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The complete sigma-only MO scheme for, BFshown below.
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to become a bonding MO.

With phosphorusl,. participation, thes a,'” HOMO would be stabilized (lowered in energy)
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