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n
g
 
p
o
i
n
t
s
:
 
d
u
e
 
t
o
 
s
t
r
o
n
g

i
n
t
r
a
m
o
l
e
c
u
l
a
r
 
f
o
r
c
e
s
 
o
f

a
t
t
r
a
c
t
i
o
n
 
(
e
l
e
c
t
r
o
s
t
a
t
i
c
 
f
o
r
c
e
s

o
f
 
a
t
t
r
a
c
t
i
o
n
 
b
e
t
w
e
e
n
 
p
o
s
i
t
i
v
e

a
n
d
 
n
e
g
a
t
i
v
e
 
i
o
n
s
)
 
t
h
a
t
 
r
e
q
u
i
r
e
 
a

l
o
t
 
o
f
 
t
h
e
r
m
a
l
 
e
n
e
r
g
y
 
t
o
 
o
v
e
r
c
o
m
e
 

v
e
r
y
 
h
i
g
h
 
t
o
 
h
i
g
h
 
m
e
l
t
i
n
g
 
a
n
d

b
o
i
l
i
n
g
 
p
o
i
n
t
s
:
 
d
u
e
 
t
o
 
s
t
r
o
n
g

i
n
t
r
a
m
o
l
e
c
u
l
a
r
 
f
o
r
c
e
s
 
o
f

a
t
t
r
a
c
t
i
o
n
 
(
c
o
v
a
l
e
n
t
 
b
o
n
d
s
)
 
t
h
a
t

r
e
q
u
i
r
e
 
a
 
l
o
t
 
o
f
 
t
h
e
r
m
a
l
 
e
n
e
r
g
y

t
o
 
o
v
e
r
c
o
m
e

(
d
o
 
n
o
t
 
c
o
n
f
u
s
e
 
w
i
t
h
 
d
i
s
c
r
e
t
e

m
o
l
e
c
u
l
a
r
 
c
o
m
p
o
u
n
d
s
 
w
h
i
c
h
 
h
a
v
e

l
o
w
 
t
o
 
m
o
d
e
r
a
t
e
 
m
e
l
t
i
n
g
 
a
n
d

b
o
i
l
i
n
g
 
p
o
i
n
t
s
)

v
e
r
y
 
h
i
g
h
 
t
o
 
m
o
d
e
r
a
t
e
:
 
t
h
e

m
e
t
a
l
l
i
c
 
b
o
n
d
 
s
t
r
e
n
g
t
h
 
c
a
n
 
v
e
r
y

d
u
e
 
t
o
 
m
e
t
a
l
 
i
o
n
 
c
h
a
r
g
e
,
 
i
o
n
i
c

r
a
d
i
u
s
 
a
n
d
 
n
u
m
b
e
r
 
o
f
 
e
l
e
c
t
r
o
n
s

d
o
n
a
t
e
d
 
t
o
 
t
h
e
 
"
e
l
e
c
t
r
o
n
 
s
o
u
p
"

t
h
a
t
 
h
o
l
d
s
 
t
h
e
 
m
e
t
a
l
 
i
o
n
s

t
o
g
e
t
h
e
r
,
 
s
t
r
o
n
g
e
r
 
m
e
t
a
l
l
i
c
 
b
o
n
d
s

o
f
 
c
o
u
r
s
e
 
r
e
q
u
i
r
e
 
m
o
r
e
 
t
h
e
r
m
a
l

e
n
e
r
g
y
 
t
o
 
o
v
e
r
c
o
m
e

c
r
y
s
t
a
l

s
t
r
u
c
t
u
r
e

h
i
g
h
l
y
 
s
t
r
u
c
t
u
r
e
d
 
d
u
e
 
t
o
 
l
a
t
t
i
c
e

a
r
r
a
n
g
e
m
e
n
t
,
 
l
a
t
t
i
c
e
 
a
r
r
a
n
g
e
m
e
n
t

i
s
 
a
 
r
e
s
u
l
t
 
o
f
 
m
i
n
i
m
u
m
 
e
n
e
r
g
y

c
o
n
s
i
d
e
r
a
t
i
o
n
s
 
t
h
a
t
 
m
a
x
i
m
i
z
e

a
t
t
r
a
c
t
i
o
n
s
 
b
e
t
w
e
e
n
 
i
o
n
s
 
o
f

o
p
p
o
s
i
t
e
 
c
h
a
r
g
e
 
w
h
i
l
e
 
m
i
n
i
m
i
z
i
n
g

r
e
p
u
l
s
i
o
n
s
 
b
e
t
w
e
e
n
 
i
o
n
s
 
o
f
 
l
i
k
e

c
h
a
r
g
e
,
 
a
n
o
m
a
l
i
e
s
 
a
r
e
 
r
a
r
e

h
i
g
h
l
y
 
s
t
r
u
c
t
u
r
e
d
 
d
u
e
 
t
o
 
l
a
t
t
i
c
e

a
r
r
a
n
g
e
m
e
n
t
,
 
l
a
t
t
i
c
e
 
a
r
r
a
n
g
e
m
e
n
t

i
s
 
a
 
r
e
s
u
l
t
 
o
f
 
c
o
v
a
l
e
n
t
 
b
o
n
d
i
n
g

g
e
o
m
e
t
r
y
 
p
r
o
d
u
c
i
n
g
 
t
h
r
e
e

d
i
m
e
n
s
i
o
n
a
l
 
n
e
t
w
o
r
k
 
g
i
v
i
n
g
 
a
 
v
e
r
y

s
t
r
o
n
g
 
c
r
y
s
t
a
l
 
s
t
r
u
c
t
u
r
e
 
w
i
t
h
 
f
e
w

a
n
o
m
a
l
i
e
s

m
o
d
e
r
a
t
e
 
d
e
g
r
e
e
 
o
f
 
s
t
r
u
c
t
u
r
e

u
s
u
a
l
l
y
 
n
o
t
 
v
i
s
i
b
l
e
 
t
o
 
t
h
e
 
e
y
e
,

t
h
e
 
m
e
t
a
l
l
i
c
 
b
o
n
d
 
d
o
e
s
 
n
o
t

r
e
q
u
i
r
e
 
a
 
s
p
e
c
i
f
i
c
 
g
e
o
m
e
t
r
y
,

c
r
y
s
t
a
l
 
p
a
c
k
i
n
g
 
a
r
r
a
n
g
e
m
e
n
t
s

(
i
.
e
.
 
b
o
d
y
 
c
e
n
t
e
r
e
d
 
c
u
b
i
c
,

h
e
x
a
g
o
n
a
l
 
c
l
o
s
e
 
p
a
c
k
e
d
 
a
n
d
 
c
u
b
i
c

c
l
o
s
e
 
p
a
c
k
e
d
)
 
a
r
e
 
m
e
r
e
l
y
 
w
a
y
 
o
f

p
a
c
k
i
n
g
 
i
o
n
s
 
t
o
g
e
t
h
e
r
,
 
c
r
y
s
t
a
l

p
a
c
k
i
n
g
 
i
s
 
p
r
o
n
e
 
t
o
 
a
n
o
m
a
l
i
e
s

r
e
s
p
o
n
s
e
 
t
o

p
h
y
s
i
c
a
l

s
t
r
e
s
s
 
o
r

s
t
r
a
i
n

m
a
y
 
s
h
a
t
t
e
r
:
 
o
n
c
e
 
t
h
e
 
c
r
y
s
t
a
l

l
a
t
t
i
c
e
 
i
s
 
d
i
s
t
u
r
b
e
d
,
 
t
h
e
 
i
o
n
i
c

b
o
n
d
s
 
w
i
l
l
 
b
r
e
a
k
 
i
f
 
t
h
e
 
i
o
n
s
 
a
r
e

d
i
s
l
o
c
a
t
e
d

m
a
y
 
c
l
e
a
v
e
:
 
t
h
e
 
c
r
y
s
t
a
l
 
l
a
t
t
i
c
e

c
o
u
l
d
 
f
r
a
c
t
u
r
e
 
a
l
o
n
g
 
a
 
p
l
a
n
e
 
o
f

i
o
n
s
,
 
t
h
u
s
 
b
r
e
a
k
i
n
g
 
i
o
n
i
c
 
b
o
n
d
s

a
l
o
n
g
 
a
 
f
l
a
t
 
f
a
c
e

m
a
y
 
s
h
a
t
t
e
r
:
 
o
n
c
e
 
t
h
e
 
c
r
y
s
t
a
l

l
a
t
t
i
c
e
 
i
s
 
d
i
s
t
u
r
b
e
d
,
 
t
h
e

c
o
v
a
l
e
n
t
 
b
o
n
d
 
b
r
e
a
k

m
a
y
 
c
l
e
a
v
e
:
 
t
h
e
 
c
r
y
s
t
a
l
 
l
a
t
t
i
c
e

c
o
u
l
d
 
f
r
a
c
t
u
r
e
 
a
l
o
n
g
 
a
 
p
l
a
n
e
 
o
f

a
t
o
m
s
,
 
t
h
u
s
 
b
r
e
a
k
i
n
g
 
c
o
v
a
l
e
n
t

b
o
n
d
s
 
a
l
o
n
g
 
a
 
f
l
a
t
 
f
a
c
e

m
a
l
l
e
a
b
l
e
 
a
n
d
 
d
u
c
t
i
l
e
:
 
w
i
l
l
 
b
e
n
d

a
n
d
 
s
t
r
e
t
c
h
,
 
m
e
t
a
l
 
i
o
n
s
 
c
a
n
 
s
l
i
d
e

p
a
s
t
 
e
a
c
h
 
o
t
h
e
r
 
w
i
t
h
o
u
t

i
n
t
e
r
r
u
p
t
i
n
g
 
t
h
e
 
m
e
t
a
l
l
i
c
 
b
o
n
d

(
t
h
e
 
e
l
e
c
t
r
o
n
s
 
m
o
v
e
 
v
e
r
y
 
f
a
s
t
 
a
n
d

f
r
e
e
l
y
 
t
h
r
o
u
g
h
o
u
t
 
t
h
e
 
m
e
t
a
l
)
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s
o
l
u
b
i
l
i
t
y

v
a
r
i
a
b
l
e
 
s
o
l
u
b
i
l
i
t
y
 
i
n
 
w
a
t
e
r
 
a
n
d

o
t
h
e
r
 
p
o
l
a
r
 
s
o
l
v
e
n
t
s
:

e
l
e
c
t
r
o
s
t
a
t
i
c
 
i
n
t
e
r
a
c
t
i
o
n
 
b
e
t
w
e
e
n

r
e
g
i
o
n
s
 
o
f
 
p
a
r
t
i
a
l
 
c
h
a
r
g
e
 
o
n

s
o
l
v
e
n
t
 
m
o
l
e
c
u
l
e
s
 
a
n
d
 
t
h
e
 
c
h
a
r
g
e

o
n
 
i
o
n
s
 
c
a
n
 
b
e
 
s
u
f
f
i
c
i
e
n
t
 
t
o

o
v
e
r
c
o
m
e
 
t
h
e
 
l
a
t
t
i
c
e
 
e
n
e
r
g
y
 
o
f

t
h
e
 
i
o
n
i
c
 
c
r
y
s
t
a
l
,
 
i
n
 
w
a
t
e
r
 
t
h
e

d
i
s
s
o
l
v
i
n
g
 
p
r
o
c
e
s
s
 
i
s
 
c
a
l
l
e
d

s
o
l
v
a
t
i
o
n
 
o
r
 
h
y
d
r
a
t
i
o
n
,
 

l
a
t
t
i
c
e
 
e
n
e
r
g
y
 
>
 
h
y
d
r
a
t
i
o
n
 
e
n
e
r
g
y

 
 
 
i
n
s
o
l
u
b
l
e
 
i
o
n
i
c
 
c
o
m
p
o
u
n
d

h
y
d
r
a
t
i
o
n
 
e
n
e
r
g
y
 
>
 
l
a
t
t
i
c
e
 
e
n
e
r
g
y

 
 
 
s
o
l
u
b
l
e
 
i
o
n
i
c
 
c
o
m
p
o
u
n
d

i
n
s
o
l
u
b
l
e
:
 
 
n
e
u
t
r
a
l
 
a
t
o
m
s
 
i
n
 
t
h
e

c
r
y
s
t
a
l
 
h
a
v
e
 
a
 
h
i
g
h
 
l
a
t
t
i
c
e
d

e
n
e
r
g
y
,
 
t
h
e
r
e
 
a
r
e
 
n
o
 
s
o
l
v
e
n
t
s

t
h
a
t
 
c
a
n
 
i
n
t
e
r
a
c
t
 
s
u
c
c
e
s
s
f
u
l
 
w
i
t
h

n
e
u
t
r
a
l
 
a
t
o
m
s
 
t
o
 
o
v
e
r
c
o
m
e
 
t
h
e

h
i
g
h
 
l
a
t
t
i
c
e
 
e
n
e
r
g
y
,
 
l
a
t
t
i
c
e

e
n
e
r
g
y
 
m
u
s
t
 
b
e
 
o
v
e
r
c
o
m
e
 
f
o
r

d
i
s
s
o
l
v
i
n
g
 
t
o
 
o
c
c
u
r

(
l
a
t
t
i
c
e
 
e
n
e
r
g
y
 
i
s
 
a
s
s
o
c
i
a
t
e
d

w
i
t
h
 
t
h
e
 
f
o
r
c
e
 
o
f
 
a
t
t
r
a
c
t
i
o
n
 
t
h
a
t

h
o
l
d
s
 
a
 
c
r
y
s
t
a
l
 
t
o
g
e
t
h
e
r
 
i
n
 
a

c
r
y
s
t
a
l
 
l
a
t
t
i
c
e
)

i
n
s
o
l
u
b
l
e
:
 
f
r
e
e
 
m
o
v
i
n
g
 
e
l
e
c
t
r
o
n
s

a
r
e
 
n
o
t
 
s
o
l
u
b
l
e
 
i
n
 
a
n
y
 
n
o
r
m
a
l

s
o
l
v
e
n
t
 
(
i
.
e
.
 
e
l
e
c
t
r
o
n
s
 
c
a
n
n
o
t
 
b
e

h
y
d
r
a
t
e
d
)
,
 
t
h
e
r
e
f
o
r
e
 
m
e
t
a
l
s

c
a
n
n
o
t
 
d
i
s
s
o
l
v
e
 
e
v
e
n
 
t
h
o
u
g
h
 
m
e
t
a
l

i
o
n
s
 
c
o
u
l
d
 
b
e
 
h
y
d
r
a
t
e
d

m
a
n
y
 
m
e
t
a
l
s
 
a
r
e
 
s
o
l
u
b
l
e
 
i
n

m
e
r
c
u
r
y
 
m
e
t
a
l
:
 
m
e
r
c
u
r
y
 
m
e
t
a
l
 
c
a
n

a
c
c
o
m
m
o
d
a
t
e
 
f
r
e
e
 
m
o
v
i
n
g
 
e
l
e
c
t
r
o
n
s

t
h
u
s
 
a
l
l
o
w
i
n
g
 
m
e
t
a
l
s
 
t
o
 
d
i
s
s
o
l
v
e

e
l
e
c
t
r
i
c
a
l

c
o
n
d
u
c
t
i
v
i
t
y

s
o
l
i
d
 
c
r
y
s
t
a
l
s
 
a
r
e
 
n
o
n
-

c
o
n
d
u
c
t
i
v
e
:
 
e
l
e
c
t
r
o
n
s
 
a
n
d
 
i
o
n
s

a
r
e
 
l
o
c
k
e
d
 
i
n
 
p
l
a
c
e
,
 
n
o
 
f
r
e
e

m
o
v
i
n
g
 
c
h
a
r
g
e
d
 
p
a
r
t
i
c
l
e
s
,

t
h
e
r
e
f
o
r
e
 
n
o
 
c
o
n
d
u
c
t
i
o
n

m
o
l
t
e
n
 
(
l
i
q
u
i
d
)
 
s
t
a
t
e
 
a
r
e

c
o
n
d
u
c
t
i
v
e
:
 
p
o
s
i
t
i
v
e
 
a
n
d
 
n
e
g
a
t
i
v
e

i
o
n
s
 
a
r
e
 
a
b
l
e
 
t
o
 
m
o
v
e
,
 
f
r
e
e

m
o
v
i
n
g
 
c
h
a
r
g
e
d
 
p
a
r
t
i
c
l
e
s
 
a
l
l
o
w

f
o
r
 
c
o
n
d
u
c
t
i
o
n
 
(
n
o
t
e
:
 
e
l
e
c
t
r
o
n
s

a
r
e
 
s
t
i
l
l
 
l
o
c
k
e
d
 
i
n
t
o
 
t
h
e
 
i
o
n
s
)

i
o
n
i
c
 
s
o
l
u
t
i
o
n
s
 
a
r
e
 
c
o
n
d
u
c
t
i
v
e
:
 

f
r
e
e
 
m
o
v
i
n
g
 
p
o
s
i
t
i
v
e
 
a
n
d
 
n
e
g
a
t
i
v
e

i
o
n
s
 
i
n
 
s
o
l
u
t
i
o
n
 
a
r
e
 
a
b
l
e
 
t
o

c
a
r
r
y
 
a
 
c
u
r
r
e
n
t

t
h
r
e
e
 
d
i
m
e
n
s
i
o
n
a
l
 
n
e
t
w
o
r
k
 
s
o
l
i
d
s

a
r
e
 
n
o
n
-
c
o
n
d
u
c
t
i
v
e
:
 
e
l
e
c
t
r
o
n
s
 
a
r
e

l
o
c
a
l
i
z
e
d
 
i
n
 
c
o
v
a
l
e
n
t
 
b
o
n
d
s
,
 
n
o

f
r
e
e
 
m
o
v
i
n
g
 
c
h
a
r
g
e
d
 
p
a
r
t
i
c
l
e
s
,

t
h
e
r
e
f
o
r
e
 
n
o
 
c
o
n
d
u
c
t
i
o
n

t
w
o
 
d
i
m
e
n
s
i
o
n
a
l
 
n
e
t
w
o
r
k
 
s
o
l
i
d
s

(
g
r
a
p
h
i
t
e
)
 
a
r
e
 
c
o
n
d
u
c
t
i
v
e
 
w
i
t
h
i
n

a
 
p
l
a
n
e
 
b
u
t
 
n
o
n
e
 
c
o
n
d
u
c
t
i
v
e

b
e
t
w
e
e
n
 
p
l
a
n
e
s
:
 
e
l
e
c
t
r
o
n
i
c

r
e
s
o
n
a
n
c
e
 
w
i
t
h
i
n
 
a
 
p
l
a
n
e
 
a
l
l
o
w
s

f
o
r
 
t
h
e
 
m
o
v
e
m
e
n
t
 
o
f
 
e
l
e
c
t
r
o
n
s

t
h
r
o
u
g
h
 
a
 
p
l
a
n
e
,
 
f
r
e
e
 
m
o
v
e
i
n
g

c
h
a
r
g
e
d
 
p
a
r
t
i
c
l
e
s
,
 
t
h
e
r
e
f
o
r
e

c
o
n
d
u
c
t
i
v
e

c
o
n
d
u
c
t
i
v
e
 
i
n
 
s
o
l
i
d
 
a
n
d
 
l
i
q
u
i
d

s
t
a
t
e
:
 
f
r
e
e
 
m
o
v
i
n
g
 
e
l
e
c
t
r
o
n
s

t
r
a
v
e
l
i
n
g
 
i
n
 
t
h
e
 
e
m
p
t
y
 
v
a
l
e
n
c
e

o
r
b
i
t
a
l
s
 
 
 
o
f
 
t
h
e
 
m
e
t
a
l
 
i
o
n
s

p
r
o
v
i
d
e
 
e
x
c
e
l
l
e
n
t
 
c
o
n
d
u
c
t
i
v
i
t
y

m
o
l
e
c
u
l
a
r

s
i
z
e

m
a
c
r
o
m
o
l
e
c
u
l
e
:
 
u
n
s
p
e
c
i
f
i
e
d
 
l
a
r
g
e

s
i
z
e

m
a
c
r
o
m
o
l
e
c
u
l
e
:
 
u
n
s
p
e
c
i
f
i
e
d
 
l
a
r
g
e

s
i
z
e
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Chapter #4 Suggested Reading and Selected Questions

Section 4.1:  be able to draw Lewis dot diagrams using techniques

learned in class.  Some tips:

  S halogens always bond with simple single covalent bonds

  S if extra electrons are present (i.e. a negative ion),

the extra electrons will always be present on the most

electronegative element (usually oxygen, which will now

have seven electrons and behave like a halogen)

  S use a balance of single coordinate covalent* bonds and

double bonds to satisfy the octet rule if possible

  S use expanded valence shells if necessary (this occurs

frequently with halogens)

  S use valence shells with less than an octet when

necessary

  

  * a single coordinate covalent bond is one in which one

atom donates both electrons

Section 4.2:  be familiar with:

  S sp3, sp2 and sp hybridization

  S σ and π bonding and relation to single, double and

triple covalent bonds

  S figures 9 through 16

Section 4.3:  VSEPR Theory will be covered throughly in class. 

Read this section to make sure that you can understand the

language being used.

Section 4.4:  Read carefully and make notes as necessary,

including the blue shaded areas.

Section 4.5:  Read carefully and make notes as necessary,

including the blue shaded areas.  This section contains

information about the three types of intermolecular forces.

Please note that the London force is often referred to as a

van der Waals force.

Section 4.6:  Make careful notes, including explanations of

physical properties.  Note that ionic crystals, metallic

crystals and covalent network crystals are macromolecules

and have only intramolecular forces at work.  Molecular

crystals are crystals made from discrete covalent molecules

and have both intramolecular and intermolecular forces at

work.

Review Questions page 282 - 283:  7, 9, 10, 14, 15, 16, 17, 18,

19, 20, 21, 22, 23 a) only, 24, 25.





Types of Solids

C
O
V
A
L
E
N
T
 
N
E
T
W
O
R
K

intramolecular* þ covalent

intermolecular* þ N.A.

 *graphite covalent intraplanar v.d.W

interplanar

lattice points: occupied by neutral atoms (C

or Si and O)

conductivity*: N.A. (atoms neutral, electron

locked in bonds)

 * graphite resonant pi electrons allow

for conductivity through

planes, no conductivity

between planes (anisotropic)

solubility: N.A. (replacement force for a

covalent bond is next to impossible)

I
O
N
I
C

intramolecular þ ionic bond

intermolecular þ N.A.

lattice points: occupied by ions (Na1+ Cl1-)

{if NH4NO3 include an intraionic cov. bond}

conductivity:

(s) non-conductive (ions locked in lattice,  

    electrons held tight in ions)

(l) moderately conductive (Na1+ and Cl1- ions 

    free to move)

(aq)moderately conductive (hydrated Na1+ ions 

    and Cl1- free to move)

solubility in water: variable depending on

hydration energy vs lattice energy (i.e. are

there adequate replacement forces), units

are individual hydrated ions (i.e. Na1+ &

Cl1-) {if NH4NO3 units would be NH4
1+ and NO3

1-}

solubility in non-polar: nil

M
E
T
A
L
L
I
C

intramolecular þ metallic bond

intermolecular þ N.A.

lattice points: occupied by individual

metallic ions

conductivity: excellent in (s) and (l)

states due to highly mobile free moving

electrons

solubility: soluble in other metals only

once warmed past melting point (an alloy is

a metallic solution of more than one type of

metal - also see mercury amalgam, units are

individual metal ions

M
O
L
E
C
U
L
A
R

intramolecular þ covalent bond

intermolecular þ depends on molecules (ice

has an H-bond, I2 would be v.d.W only)

lattice points: occupied by individual

molecules

conductivity: nil in solid state, if

molecule is polar and capable of ion

dissociation, slight conductivity is

observed in the liquid state

solubility: if replacement forces are

adequate (similar polarity and similar new

intermolecular forces) can be highly

soluble, units will be individual molecules

(molecules do not fall apart due to covalent

bond framework)
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