VSEPR:

¥ Assign steric number

¥ Assign electron pair geometry of from steric number
Steric # Electron Pair # Lone pairs Shape around

geometry atom

6 Oh Oh
square pyramida
square planar
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linear
Trig bipy
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T shape
linear
tetrahedral
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trigonal planar
bent
linear

15 Trig bipyramidal

4 Tetrahedral

3 trigonal planar
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¥ Assign shape around atom remembering that lone pairs are not seen
¥ Lone pairs are fat.
¥ Larger moleules
o Assign steric number and shape around each atom.
o Assign shape to whole molecule
MO Theory
¥ Plot Orbital energy vs r for H
¥ Linear Combination of Atomic Orbitals
0 !'pb="1sat" 1sp
0 !'*="1sa-"1sb
o Extra electron density between nuclei in bonding MSctron denS|ty in
antibonding
¥ MO diagrams — —
o0 Adding electrons (lowest energy first
Hund's rule (electrons in different suborbitals have Iower energy then electrons in
the same suborbital and unpaired electrons have lower energy then paired)
Bond ader
Paramagnetic/ Magnetism
Excited states
P orbitals
= | bonds
= #bonds
¥ #,Node on line between nucleus
¥ #* 2 nodes one as in bonding and one perpendicular to line

between nucleus
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~— ¥ MO diagram for Homonuclear molecules
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i o Bond order for ®F (and S 2./ =
N bCl) see left S|d¢)|c'gure WS
o Reason is energy distance .
n between 2s and 2p orbitals ) C -
and the interaction between — P
P them
o Predict bond order, number e
R of unpaired electrons,
¥ Heteronuclear MO
o MO diagram

o Bond order for NO.
o Placement of AO uses lonization energies for the various Istbita
¥ Bonding Rules:

o0 Symmetry: Two bonding orbitals must have the same symmetry around line
joining the two nuclei.

o Correct symmetry: If the same can form a bonding and antibonding pair e.g. as
with an s with a pz or two pxOs
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o Wrong Symmetry: if the orbtals have the wrong symmetry they do not
interactive and form two
orbitals that look like the TN
individual AOO=e.g.a px and
pz orbital C)Q) * ‘ @G

Hybridization:
¥ Driving force for hybridization is due \//

to better overlap between hybrid
orbitals than just for p's or s'$\Vhy
¥ Type of hybridization, shapes and orientation:

hybrid shape

sp linear

spf trigonal planar
sp’ tetrahedral

¥ Use VSEPR to assign geometry and then can assign hybrid

¥ Lone pairs are possible in hybrids and they are still fat
Shapes of large Moleculg:

¥ Use VSEPR on all atoms



¥ Assign hybridization of all C atoms (and N)
¥ Unused p orbitals maybe available #obonding.
¥ Use MO theory to create tiebonding for unused p orbitals
0 double bonds do not allow rotation
o triple bonds allow partial rotation
o0 singlebonds allow full rotation
¥ Aromatic molecules and delocalizédonds
0 CeHe
MO of # bonds
¥ Cyclic molecules:
o Energy level diagram
Draw molecule with point down:
Put one orbital for each apex
Fill in electrons
Mark energy zero (remember it must be
such thasum of all orbitals equals zero).
Aromatic if there are no partially filled degenerate orbitals and that only
bonding and nonbonding orbitals are used: 4n+2 rule
¥ If non aromatic the molecule will distort so that bond angles and energies
are optimized
o Orbitals and nodes (diagram at right)
¥ lowest energy orbital has no nodes
¥ each orbital at higher energy has one more
node
¥ degenerate orbitals have same number of nodes

¥ show signs of the AO that contribute to the +
MO
¥ Linear molecules

o No degenerate orbitals
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o Lowest energy orbitals has no nodes
o each higher orbital has one more node
o0 Assign signs on the AO in a symmetric manner

18 Electron Rule
¥ Electron Count on a central metal should add up to 18.
¥ Two ways to count electrons:
o Way one; Example (Fe(Ch)
= use thenumber of valence electrons for the neutral atom then add (or
remove) the number of electrons to give the complex the total charge that
exists on the complex.
» Fe has 8 electrons, CN has one lone electron to donate to the Fe and then
you need to add 4 mote get the correct charge
= 8+6(1) +4 =18;
= Example 2 Cr(CQ)
= Crhas 6 CO donates 2: 6 + 6(2) =18;
o Way two:



= Assign each atom or group in the molecule a charge such that the sum of
all the charges adds up to the total charge.

= Count electrons using theleace electrons of the charged groups

=  [Fe”*(CN)¢]* you see that the charges add up +2 +)6&{14

» Fé&" has 6 valence electrons, while ®ihas a lone pair to donate so it
gives 2 electrons; Thus 6 + 6(2) =18;

= Remember that you don't use the totarge this second method because
you have already used the partial charges and these add up to the total
charge.

¥ Groups that can contribute electrons to a central metal

0 CsHs (note that this is £Hs that has lost one H). contributes 5 if ifis4 if it is
$*, 3ifitis $°etc

0 A double bond can tribute 2

0 Metals can form a metahetal bond that can contribute 1 electron from each
metal to the other, or if it forms n bonds it can contribute n electrons from each to
the other:

o (Fe(CO)(Cp)) is tetrahedronvith a bond between each Fe; thus the electron
count at a particular Fe is 8 electros from that Fe, 1 electron from each of the
other Fe, 2 electrons from the CO and 5 fromthe Cp 8 + 3(1) +2 + 5 =18

Transition Metals

¥ Isomers PtGI(NH3), square planar

¥ Crystal field theory

o Oh three down and two up which ones?

Td two down and three up
Predict how they split for a square planar arrangement of ligands
Predict how they split for a linear arrangement of ligands
Fill orbitals and get high field and low fieldmplexes
Predict magnetic properties of complexes
Spectrochemical Series => ligand field strength
Ligand field strength and charge on central metal ion
Ligand field strength and larger central metal ion.
JahnTeller distortions only for when a degenerateital is partially filled

o Ligand Field Stabilization energy

¥ Chelate Effect
Crystal Structures:
¥ Metals
o Simple crystals, simple cubic, body center cubic, face center cubic (FCC)
= Number of atoms in unit cell
= Calculate % volume occupied
= Type of holes in lattie
¥ Compounds: One atom forms one of the unit cells the other atom goes into the holes in
the structure

o Simple cubic SC (or Body center Cubic BCC): center hole with 8 coordination
(Nate calls it Body center cubic):

* hole to atom ration 1:1
= CsCI
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= Two intepenetrating SC lattices one of anions and one of cations
= Coordination number of both cations and anions is 8
o FCC: two types of holesf@nd Ty holes
= O holes
¥ FCC: Oh hole to atom ratio 1:1
¥ Rock Salt structure NaCl
¥ Two interpenetrating FCC lattices oneamfions and one of cations
¥ Coordination # of both anions and cations is 6
= Tgq4holes
¥ FCC hole to atom ration Td 2:1
¥ Fill half of the Td holes Zinc Blend ZnS, GaAs, diamond
¥ Fill all the Td hole Antifluorite or Fluorite
¥ Anti fluorite Li»O, NaO, Li,S
¥ Fluorite Cak, SrCh
= FCC file both Oh and Td hole ratio 3:1
¥ For AsX or A;BX cpds
¥ LisB
o Radius Ratio rules
= Form structure for bigger atom: (usually anion) place other atom (cation)
into holes. Structure only stable if cations are large enough to keep anions
from touching:
= Calculate radius ration for all structures
¥ BCC hole 0.732
¥ Oh hole in FCC 0.414
¥ Td hole in FCC 0.224
0 % Occupied
= function of the radius ratio of cation to anion
= Most stable structure is most compact (highest % occupied) that is
consistent with tl radius ration rules
o Calculate Madelung constant for any arrangement that is given
¥ Semiconductors
¥ dopants, electron (n) or hole (p) donors
¥



