
A
 L

E
V

E
L 

C
H

E
M

IS
T

R
Y

  -
  S

O
M

E
 D

E
F

IN
IT

IO
N

S
 T

O
 L

E
A

R
N

IS
O

T
O

P
E

A
to

m
s 

w
ith

 ..
. 

th
e 

sa
m

e 
at

om
ic

 n
um

be
r 

bu
t d

iff
er

en
t m

as
s 

nu
m

be
r 

   
   

   
   

   
   

   
or

   
   

 th
e 

sa
m

e 
nu

m
be

r 
of

 p
ro

to
ns

 b
ut

 d
iff

er
en

t n
um

be
rs

 o
f n

eu
tr

on
s

A
T

O
M

IC
 N

U
M

B
E

R
T

he
 n

um
be

r 
of

 p
ro

to
ns

 in
 th

e 
nu

cl
eu

s 
of

 a
n 

at
om

M
A

S
S

 N
U

M
B

E
R

T
he

 s
um

 o
f t

he
 p

ro
to

ns
 a

nd
 n

eu
tr

on
s 

in
 th

e 
nu

cl
eu

s 
of

 a
n 

at
om

R
E

LA
T

IV
E

 A
T

O
M

IC
 M

A
S

S
T

he
 m

as
s 

of
 a

n 
at

om
 r

el
at

iv
e 

to
 th

at
 o

f t
he

 c
ar

bo
n 

12
 is

ot
op

e 
ha

vi
ng

 a
 v

al
ue

 o
f 1

2.
00

0

E
M

P
IR

IC
A

L 
F

O
R

M
U

LA
T

he
 s

im
pl

es
t, 

w
ho

le
 n

um
be

r,
 r

at
io

 o
f e

le
m

en
ts

 in
 a

 c
om

po
un

d

M
O

LE
C

U
LA

R
 F

O
R

M
U

LA
T

he
 e

xa
ct

 n
um

be
r 

of
 a

to
m

s 
of

 e
ac

h 
el

em
en

t i
n 

th
e 

fo
rm

ul
a 

of
 a

 c
om

po
un

d

IO
N

IC
 B

O
N

D
O

pp
os

ite
ly

 c
ha

rg
ed

 io
ns

 h
el

d 
to

ge
th

er
 in

 a
 c

ry
st

al
 la

tti
ce

 b
y 

el
ec

tr
os

ta
tic

 a
ttr

ac
tio

n

C
O

V
A

LE
N

T
 B

O
N

D
A

 s
ha

re
d 

pa
ir 

of
 e

le
ct

ro
ns

, o
ne

 e
le

ct
ro

n 
be

in
g 

su
pp

lie
d 

by
 e

ac
h 

at
om

 e
ith

er
 s

id
e 

of
 th

e 
bo

nd

D
A

T
IV

E
 C

O
V

A
LE

N
T

 (
C

O
-O

R
D

IN
A

T
E

) 
B

O
N

D
A

 s
ha

re
d 

pa
ir 

of
 e

le
ct

ro
ns

, b
ot

h 
el

ec
tr

on
s 

be
in

g 
su

pp
lie

d 
by

 o
ne

 a
to

m
 in

 th
e 

bo
nd

E
LE

C
T

R
O

N
E

G
A

T
IV

IT
Y

T
he

 a
bi

lit
y 

of
 a

n 
at

om
 to

 a
ttr

ac
t t

he
 p

ai
r 

of
 e

le
ct

ro
ns

 in
 a

 c
ov

al
en

t b
on

d 
to

 it
se

lf

M
A

C
R

O
 (

G
IA

N
T

) 
M

O
LE

C
U

LE
M

an
y 

at
om

s 
jo

in
ed

 to
ge

th
er

 in
 a

 r
eg

ul
ar

 a
rr

ay
 b

y 
a 

la
rg

e 
nu

m
be

r 
of

 c
ov

al
en

t b
on

ds

P
O

LA
R

 B
O

N
D

A
 c

ov
al

en
t b

on
d 

w
he

re
 th

e 
sh

ar
ed

 p
ai

r 
of

 e
le

ct
ro

ns
 is

 d
is

pl
ac

ed
 to

 o
ne

 e
nd

F
A

JA
N

’S
 R

U
LE

S
A

 c
om

po
un

d 
is

 m
or

e 
lik

el
y 

to
 b

e 
co

va
le

nt
 if

 th
e 

...c
at

io
n 

 h
as

 a
 s

m
al

l s
iz

e 
an

d 
a 

hi
gh

 c
ha

rg
e

   
   

   
 

an
io

n 
ha

s 
a 

la
rg

e 
si

ze
 a

nd
 a

 h
ig

h 
ch

ar
ge

   

F
IR

S
T

 IO
N

IS
A

T
IO

N
 E

N
E

R
G

Y
T

he
 e

ne
rg

y 
re

qu
ire

d 
to

 r
em

ov
e 

on
e 

m
ol

e 
of

 e
le

ct
ro

ns
 (

to
 in

fin
ity

) 
fr

om
 o

ne
 m

ol
e 

of
 g

as
eo

us
 a

to
m

s 
to

 fo
rm

 o
ne

m
ol

e 
of

 g
as

eo
us

 p
os

iti
ve

 io
ns

.

E
LE

C
T

R
O

N
 A

F
F

IN
IT

Y
T

he
 e

nt
ha

lp
y 

 c
ha

ng
e 

w
he

n 
on

e 
m

ol
e 

of
 g

as
eo

us
 a

to
m

s 
ac

qu
ire

s 
on

e 
m

ol
e 

of
 e

le
ct

ro
ns

 (
fr

om
 in

fin
ity

) 
to

 fo
rm

on
e 

m
ol

e 
of

 g
as

eo
us

 n
eg

at
iv

e 
io

ns
.

S
T

A
N

D
A

R
D

 E
N

T
H

A
LP

Y
 O

F
 F

O
R

M
A

T
IO

N
T

he
 e

nt
ha

lp
y 

ch
an

ge
 w

he
n 

on
e 

m
ol

e 
of

 a
 c

om
po

un
d 

is
 fo

rm
ed

 in
 it

s 
st

an
da

rd
 s

ta
te

 fr
om

 it
s 

el
em

en
ts

 in
 th

ei
r 

st
an

da
rd

 s
ta

te
s

S
T

A
N

D
A

R
D

 E
N

T
H

A
LP

Y
 O

F
 C

O
M

B
U

S
T

IO
N

T
he

 e
nt

ha
lp

y 
ch

an
ge

 w
he

n 
on

e 
m

ol
e 

of
 a

 s
ub

st
an

ce
 u

nd
er

go
es

 c
om

pl
et

e 
co

m
bu

st
io

n 
in

 it
s 

st
an

da
rd

 s
ta

te

B
O

N
D

 (
D

IS
S

O
C

IA
T

IO
N

) 
E

N
T

H
A

LP
Y

T
he

 e
ne

rg
y 

re
qu

ire
d 

to
 b

re
ak

 o
ne

 m
ol

e 
of

 g
as

eo
us

 b
on

ds
 to

 fo
rm

 g
as

eo
us

 a
to

m
s

S
T

A
N

D
A

R
D

 E
N

T
H

A
LP

Y
 O

F
 A

T
O

M
IS

A
T

IO
N

T
he

 e
nt

ha
lp

y 
ch

an
ge

 w
he

n 
O

N
E

 M
O

LE
 o

f g
as

eo
us

 a
to

m
s 

is
 fo

rm
ed

 fr
om

 a
n 

el
em

en
t i

n 
its

 s
ta

nd
ar

d 
st

at
e

E
N

T
H

A
LP

Y
 O

F
 F

O
R

M
A

T
IO

N
T

he
 e

nt
ha

lp
y 

ch
an

ge
 w

he
n 

on
e 

m
ol

e 
of

 a
 c

om
po

un
d 

is
 fo

rm
ed

 in
 it

s 
st

an
da

rd
 s

ta
te

 fr
om

 it
s 

el
em

en
ts

 in
 th

ei
r 

st
an

da
rd

 s
ta

te
s

LA
T

T
IC

E
 D

IS
S

O
C

IA
T

IO
N

 E
N

T
H

A
LP

Y
T

he
 e

nt
ha

lp
y 

ch
an

ge
 w

he
n 

O
N

E
 M

O
LE

 o
f a

n 
io

ni
c 

la
tti

ce
 d

is
so

ci
at

es
 in

to
 is

ol
at

ed
 g

as
eo

us
 io

ns

LA
T

T
IC

E
 F

O
R

M
A

T
IO

N
 E

N
T

H
A

LP
Y

T
he

 e
nt

ha
lp

y 
ch

an
ge

 w
he

n 
O

N
E

 M
O

LE
 o

f a
n 

io
ni

c 
la

tti
ce

 d
is

so
ci

at
es

 is
 fo

rm
ed

 fr
om

 it
s 

is
ol

at
ed

 g
as

eo
us

 io
ns

E
N

T
H

A
LP

Y
 O

F
 H

Y
D

R
A

T
IO

N
T

he
 e

nt
ha

lp
y 

ch
an

ge
 w

he
n 

O
N

E
 M

O
LE

 o
f g

as
eo

us
 io

ns
 d

is
so

lv
es

 in
 (

an
 e

xc
es

s 
of

) 
w

at
er

E
N

T
H

A
LP

Y
 O

F
 H

Y
D

R
O

G
E

N
A

T
IO

N
T

he
 e

nt
ha

lp
y 

ch
an

ge
 w

he
n 

O
N

E
 M

O
LE

 o
f d

ou
bl

e 
bo

nd
s 

is
 r

ed
uc

ed
 to

 s
in

gl
e 

bo
nd

s 
by

 r
ea

ct
in

g 
w

ith
 g

as
eo

us
 h

yd
ro

ge
n.

H
E

S
S

’S
 L

A
W

T
he

 e
nt

ha
lp

y 
ch

an
ge

 o
f a

 r
ea

ct
io

n 
is

 in
de

pe
nd

en
t o

f t
he

 p
at

h 
ta

ke
n


