m An s orbital
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A p orbital A d orbital
srd. shell 3d X * N F
(capacity— 18 electrons) op &
3s X
& 2nd shell 2p  H H &
g (capacity—8 electrons) 25 4
<)
1st shell
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A 2p,. orbital

[
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Three 2p orbitals

A 2p, orbital
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Sigma (o) bond
(head-on overlap of orbitals)

Circular cross-section

Energy

Two hydrogen atoms

+ +

H, molecule

D

2H- — H,

Released when bond forms

436 kJ/mol
36 kdfmo { Absorbed when bond breaks
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HH (too close)

74 pm

Bond length

H (too far)
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Internuclear distance ——




Molecular Orbital (MO) Theory

« nodal plane

One node

\ —_ H H Antibonding MO (unfilled)
H

o*
\ +436 KJ/mhl

H 1s orbital % >-$- H 1s orbital
-436 KJ /mﬂfl

AT H H Bonding MO (filled)

o
+ +
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sp3 Hybridized Orbitals
2py ©2001 Brooks/Cale - Thomson Learning

y 4 Y
@) _

~ | Four tetrahedral
. - | sp3 orbitals

-
e .' L _.v w —— 2p. ’ﬂ An sp3 orbital

sp3 =1 part s-orbital + 3 parts p-orbitals




Tetrahedral Carbon

Methane- CH,

Carbon-Carbon Bonds
Ethane- C,H,

& K\ @ \'\

carbon sp® carbon sp-sp® ocbond

AH°= 376 KJ/mol




sp2 Hybridized Orbitals
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hybridize one s-orbital >—> b N

and two p-orbitals

leave one p-orbital
unhybridized

Side view

y
Three sp2 hybrid orbitals and
one unhybridized p-orbital

C=C double bonds- ethylene (C,H,)

/ p or blt ll‘A \ ©2001 Brooks/Cole - Thomson Learning
/ b VI~

sp?orbitals

7 bond
o bond

7 bond

Carbon—carbon double bond

107.6 pm/ <133 pnw\ / “
H H

sp? carbon sp® carbon
AH°= 235 KJ/mol (7-bond)
H—
\ 121.7°
c——d s % )

\




\
MO'’s of a \ H .
C=C n-bond - H N
TN s-antibonding MO -2
n*
+235 KJ/mol
A\ A\
N ' \
-235 KJ/mol
t l wbonding MO gr
sp Hybridized Orbitals | p
\/
| \
| sp //
\\(/ \\\ \v/
= —— = _ i 2p. _— \ \__
B K -
95" K&\ R \

hybridize one s-orbital
and one p-orbitals

2py

leave two p-orbital
unhybridized

7

180° /
| oL
PN
- .
7

Vs
7

——_— Y _

One sp hybrid Another sp hybrid

Two sp hybrid orbitals and
two unhybridized p-orbital




C=C triple bonds- acetylene (C,H,)
sp orbltal
’ﬂ p orbital s t ’ -
u(/ \\Q ’*f - ‘\_( ? 4
b tal K ﬁ _(
p orbita )
' ﬂ‘ \‘\/\sp orbital e /‘

sp orbitals
7 bond
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Hybridization of Nitrogen and Oxygen

Lone pairs
\/ Lone pair
\N 95.8 pm

107.3 104 50
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Chemical Toxicity and Risk (page 26-7)

H
al ?I H. .Cy..H
Coiy Coomp il I
Ve ~ H

H™ % _C_2Cu
A cl \H u- O~y

H
benzene

chloromethane dichloromethane
(chloroform) (methylene chloride)

Paracelsus (1493-1541): All substances are poisons; there is none which is
not a poison. The right dose differentiates a poison and a remedy

: "o
HiozC~e° H H H\/H H L N
HooH T S e oo LoLo

/\ | | SNSAC YRS A IS ALY A YN
C” ¥C” ¥C” ¥C H
HH H H 1 :
acrolein hexenal H/C\ //C\C/,C\C//C\H
|
H H H
IQ benzpyrene

Aflatoxin




