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Solutions to the Schrodinger equation —atomic orbitals

a 2 \P(n—t-1) 72\, % -
"’“‘"‘(T’e"”)‘\/ (7o) morane ™ () 2203 () ¥ri0

where:
e ay = dneoh” is the Bohr radius,
mee?
. L72f—+1,'1—1 ( . ) are the generalized Laguerre polynomials of degree n — € — 1.
e n, {, m are the principal, azimuthal, and magnetic quantum numbers respectively: which take the values:
n=123,...
£=0,1,2,...,n—1
m=—4L,...,0

e Aev\sﬁrb( —> 39 wave ]
¥is ¥ %px %py %pz

(a) 1sand 2s orbitals computed using the Schrédinger equation
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Nodal plane = yz Nodal plane = xz Nodal plane = xy
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Hybridization — Valence Bond Approach to bonding

sp3 (Was + Wopx + Wapy + Yop,)

Computed

Cartoon

109.5° I

(a) An sp” orbital (b) Four sp® orbitals in a (©)
tetrahedral arrangement

sz (Was + Wopx + Wopy) + Yope

Computed

o0’

p O\

2p orbital

-@®

A (i
Cartoon 1200—? L \/

(a) An sp2 orbital (b) Three spz orbitals (¢) A 2porbital perpendicular
to three sp2 orbitals.

Sp (LP25 +LP2px) + LP2py + LP2pz

Computed
P i
& ‘ )
Cartoon /1800
¥

(a) An sporbital (b) Two sp orbitals (¢) Two 2porbitals
perpendicular
to the sp hybrid
orbitals



Figure 1.18

Molecular orbital mixing diagram for the creation of any C—C ¢ bond. (a) In-phase addition of two C hybrid orbitals
(albeit sp?, sf?, or sp orbital) forms a ¢ orbital that is lower in energy than the two starting orbitals. When the resulting
orbital is populated with two electrons, a o bond results. (b) Addition of the orbitals in an out-of-phase manner (meanin
reversing the phasing of one of the starting orbitals) leads to an antibonding o* orbital.

Two common cartoon
representations

(b) Outof-phase
addition

Computed

AT
§

(a) In-phase
addition

=

Computed




Figure 1.21
Molecular orbital
mixing diagram for the
creation of any C—C
7 bond. (a) Addition
of two p atomic orbitals
in-phase leads to a 7
orbital that is lower

in energy than the

two separate starting
orbitals. When
populated with two
electrons the 7 orbital
gives a 7 bond.

(b) Addition of the

p orbitals in an out-
of-phase manner
(meaning a reversal

of phasing in one of
the starting orbitals)
leads to a 77* orbital.
Population of this
orbital with one or

two electrons leads

to weakening or
cleavage of the 7 bond
respectively.

Energy

(b) Out of phase addition of Cartoon

two 2p atomic orbitals '
C—C ==

/ Z \ \

(a) In phase addition of

Computed

two 2p atomic orbitals

Cartoon Computed
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H
Methane

Molecular Orbital Theory approach to bonding: Just add the individual orbital wave
functions:

Whis + Whis + Whis + Whis + Weis + Weos + Weoops + Weopy + oo,

"—ba—_\——'r\“ — f_\’—

Valence Bond Theory approach to bonding: Hybridize the atomic orbitals on atoms first,
then look for overlap with remaining orbital wave functions:

Wy + Phys + P + Phys + Peors + (P oo + Weopx + Weopy + III(:2pz)
- w

>




Ethane

Molecular Orbital Theory approach to bonding: Just add the individual orbital wave
functions:

Whis + Whis + Whis + Whis + Whis + Pais + Weis + Weos + Weopx

+ IIJC2py + IIJC2pz + IIJCls + lIIC2S + IPCZPX + lpC2py + lI!C2pz

Valence Bond Theory approach to bonding: Hybridize the atomic orbitals on atoms first,
then look for overlap with remaining orbital wave functions:

Whis + Phis + Pais + Yais + Yais + Wais + Wers + @czs + IIICsz_l
+Weopy + IIJCzpz»+ Wers + (Poos + Weopx J:s Weopy + Yeops) s?
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