
Railsback's Some Fundamentals of Mineralogy and Geochemistry

S
p

ec
ia

ti
o

n
 o

f 
ca

ti
o

n
s 

in
 a

q
u

eo
u

s 
so

lu
ti

o
n

 I

LB
R

 8
15

0S
pe

ci
at

io
n0

8 
 9

/2
00

6

Io
ns

 d
is

so
lv

ed
 in

 s
ol

ut
io

n 
ra

re
ly

 tr
av

el
 a

lo
ne

 a
s 

so
lit

ar
y 

io
ns

.  
In

st
ea

d,
 th

ey
 a

re
 li

nk
ed

 to
 o

th
er

 a
to

m
s 

by
 

el
ec

tr
os

ta
tic

 a
ttr

ac
tio

ns
 o

r 
bo

nd
s 

th
at

 m
ay

 b
e 

in
 p

ar
t 

co
va

le
nt

.  
T

he
 a

to
m

, i
on

, o
r 

m
ol

ec
ul

e 
to

 w
hi

ch
 th

ey
 a

re
 

lin
ke

d 
is

 a
 li

g
an

d
.  

If 
th

e 
lig

an
d 

co
ns

is
ts

 o
f m

or
e 

th
an

 
on

e 
at

om
, t

he
 s

pe
ci

fic
 a

to
m

 w
ith

 w
hi

ch
 th

e 
io

n 
is

 li
nk

ed
 is

 
th

e 
lig

an
d

 a
to

m
.

C
l-

C
hl

or
id

e 
(C

l- )
 a

s 
a 

lig
an

d
of

 th
e 

ca
tio

n

C
at

io
n

Li
ga

nd
 a

to
m

 (
N

)

B
ec

au
se

 io
ns

 c
an

 c
om

bi
ne

 w
ith

 d
iff

er
en

t l
ig

an
ds

 (
lik

e 
ch

lo
rid

e,
 m

et
hy

l, 
or

 a
m

m
on

ia
 in

 th
e 

sk
et

ch
 a

t r
ig

ht
),

 w
e 

sp
ea

k 
of

 th
e 

di
ffe

re
nt

 s
pe

ci
es

 o
f c

om
pl

ex
ed

 io
ns

 a
nd

 
th

us
 "

sp
ec

ia
ti

o
n

".
 T

he
 c

om
bi

ni
ng

 o
f a

n 
io

n 
w

ith
 a

 
lig

an
d 

is
 c

al
le

d 
"c

o
o

rd
in

at
io

n
".

  T
hu

s 
th

e 
io

n 
in

 th
e 

sk
et

ch
 h

as
 c

oo
rd

in
at

ed
 w

ith
 c

hl
or

id
e,

 m
et

hy
l, 

an
d 

am
m

on
ia

 h
er

e 
to

 fo
rm

 th
re

e 
di

ffe
re

nt
 c

oo
rd

in
at

io
n 

co
m

po
un

ds
 o

r 
sp

ec
ie

s.

A
n 

io
n'

s 
co

o
rd

in
at

io
n

 n
u

m
b

er
 is

 th
e 

nu
m

be
r 

of
 

lig
an

d 
at

om
s 

w
ith

 w
hi

ch
 it

 c
oo

rd
in

at
es

.  
In

 th
e 

ov
er

ly
 

si
m

pl
e 

ex
am

pl
es

 a
bo

ve
, t

he
 c

oo
rd

in
at

io
n 

nu
m

be
r 

is
 o

ne
.  

In
 th

e 
ex

am
pl

e 
be

lo
w

, i
t i

s 
fo

ur
.

C
l-

C
l-

F
ou

rt
h 

C
l-  

lig
an

d
at

 th
e 

ba
ck

 o
f a

 te
tr

ah
ed

ra
lly

 
co

or
di

na
te

d 
ca

tio
n

C
l-

C
l-

A
 li

ga
nd

 w
ith

 m
or

e 
th

an
 o

ne
 li

ga
nd

 a
to

m
 is

 a
 

m
u

lt
id

en
ta

te
 li

g
an

d
. A

 c
oo

rd
in

at
io

n 
co

m
po

un
d 

m
ad

e 
by

 a
 m

ul
tid

en
ta

te
 li

ga
nd

 is
 a

 c
h

el
at

e 
("

ke
y'

la
te

")
.

A
m

m
o

ni
a 

(N
H

3)
 a

s 
a  

m
on

od
en

ta
te

 li
ga

nd

C
at

io
n 

w
ith

 c
oo

rd
in

a-
tio

n 
nu

m
be

r 
=

 3

E
th

yl
en

ed
ia

m
en

e 
or

 "
en

" 
(N

H
2C

H
2C

H
2N

H
2)

 a
s 

a  
bi

de
n

ta
te

 li
ga

nd
 a

nd
 

th
us

 a
s 

a 
ch

el
at

or
.

C
at

io
n 

w
ith

 c
oo

rd
in

a-
tio

n 
nu

m
be

r 
=

 2

Li
ga

n
d 

at
om

s
Li

ga
nd

 a
to

m
s

S
ul

fa
te

 (
S

O
42-

) 
as

 a
 b

id
en

ta
te

 li
ga

nd
a

nd
 th

us
 a

 c
he

la
to

r

A
m

m
on

ia
 (

N
H

3)
 a

s 
a   

lig
an

d 
of

 th
e 

ca
tio

n

C
at

io
n 

co
or

di
na

te
d 

w
ith

 tw
o

 e
th

yl
en

e
di

am
en

es
 

(c
oo

rd
in

at
io

n 
nu

m
be

r 
=

 4
)

A
 m

e
th

yl
 g

ro
up

 (
C

H
3- )

 
as

 a
 li

ga
nd

 o
f t

he
 c

at
io

n

L
ig

an
d

 a
to

m
 (

C
)


