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Chapter 4

Chemical Bonding: the lonic Bond
Model



Chemical Bonds

Atoms in chemical compounds are held together with bonds. The
type of bond that does this depends on the type of compound.

Two general types of compounds:

— lonic — tend to exist as solids which have high melting points. Good
conductors in the molten (liquid) state.

— Molecular — tend to exist as solids, liquids, and gases. Melting points are
low relative to ionic compounds and they are not conductive in the molten
state.

Molecular compounds (e.g. H,O, C;H,,0,, CH;OH) are found as
distinct molecules, while ionic compounds (e.g. NaCl, KNO4, etc.) are
found as parts of very large arrays of ions.




Chemical Bonds

A chemical bond is an attractive force that holds two or more
atoms together in a more complex unit.

Chemical bonds result from interactions between the

electrons of neighboring atoms that combine to make these
larger structures.

In an ionic compound, ionic bonds are present, in which ions
of opposite sign charges are attracted to each other.

In molecular compounds, electrons are shared between
atoms (usually this sharing is not equal) in covalent bonds.
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Chemical Bonds

 Two background concepts are important
here, In understanding why bonds form
between atoms as elements react:

.  Only some of the electrons on atoms are
Involved in chemical reactions. These
electrons are the highest energy ones
(called valence electrons)

Iil. Certain arrangements of electrons around
atoms are more stable (and thus preferred),
as explained by the octet rule



Valence electrons and Lewis
symbols

» Valence electrons are the electrons that
form bonds in chemical reactions. They
are the electrons from an atom’s highest
energy (highest numbered) electron shell.

* For example, for chlorine (Z = 17):

Cl: 1s%2s%2p%3s23p°

/ ‘ \ These are from shell #3

These are from shell #1 (call this the valence shell)

These are from shell #2



Valence electrons and Lewis
symbols

* For chlorine (a group 7A element), there
are 7 valence electrons. The number of
valence electrons for any group IA-VIIIA
(1A to 8A) element (called the
“representative elements”) will be the
same as the element’s group number.



8A
1 18
o 2a 3A 4A 5A 6A 7A | 2
2 13 14 15 16 17 | He
3 | 4 516 | 7| 8] 9 |10
Li | Be B| C|N|O/|F | Ne
11| 12 | 38 48 58 6B 7B 8B B B | 13|1a]15]16] 17| 18
Na|Mg| 3 4 5 6 7 /8 9 10\1 12 |Al]|Si | P | S |Cl|Ar
19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32 | 33 | 34 | 35 | 36
K | Ca| Sc | Ti \Y% Cr |[Mn| Fe | Co | Ni | Cu | Zn | Ga | Ge | As | Se | Br | Kr
37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54
Rb | Sr | Y | Zr [ Nb | Mo | Tc | Ru [ Rh [ Pd | Ag [Cd | In | Sn | Sb | Te I Xe
55 |56 | |71 | 72 | 73 | 74 | 75 | 76 | 77 | 78 | 79 | 80 | 81 | 82 | 83 | 84 | 85 | 86
Cs | Ba Lu| Hf | Ta | W | Re | Os | Ir | Pt | Au |Hg | Tl | Pb | Bi | Po | At | Rn
87 | 88 | |103| 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112 | 113 | 114 | 115 | 116
Fr | Ra Lr | Rf | Db | Sg | Bh | Hs | Mt
Mk 57 | 58 | 59 | 60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70
- La [Ce | Pr [Nd [Pm [Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb
Metalloids | 80 | 90 | 91 | 92 | 93 | 94 | 95 | 96 | 97 | 98 | 99 | 100 | 101 | 102
clalioldS 1 'Ac [ Th | Pa | U [Np | Pu |Am |[Cm | Bk | Cf | Es | Fm | Md | No

Nonmetals




Lewis symbols

« A shorthand notation for representing an
element and its valence electrons was proposed
by G.N. Lewis: Lewis symbols.

« A Lewis symbol consists of an elemental symbol
surrounded by the element’s valence electrons.
The valence electrons are represented by dots

Group Group Group Group Group Group Group Group
1A 2A 3A 4A 5A 6A 7A 8A
He Hes
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Lewis symbols

 In this system, the element’s symbol is surrounded by dots
(same number of dots as the valence electrons for that
element) in a north-south-east-west fashion (see page 85-
86).
— Elements of the same group (from representative elements) have the same

number of valence electrons (e.g. Li, Na, K each have one valence
electron) — look at figure 4.1

— The number of valence electrons for a representative element is that
element’s group number.

— The maximum number of valence electrons for any element is 8. Noble

gases (Group VIII) each possess 8 valence electrons; helium (He) is an
exception — it only possesses 2 valence electrons.

Group Group Group Group Group Group Group Group
1A 2A 3A 4A 5A 6A 7A 8A
He H
Li B B C e | 20 ; N
Nas | oMge [ “Als | oSie | sBe | 3§+ | Cio | 2Am
Ke | Cas [ Cas | oGee | 3Ase | 3See | sBre | Kis




« Draw Lewis symbols for each of the following

Drawing Lewis symbols

elements:

Need to find the element in the periodic table

Need to find the element’s group number
Draw the symbol with the same number of dots around it as the

element’s valence electrons

Phosphorus
Calcium
Lead

lodine
Argon

1A

8A
1 18
gl 2A 3A 4A 5A 6A A | 2
2 13 14 15 16 17 | He
3 | 4 516|781 910
Li | Be B|C|N|O]|F|Ne
11 | 12 | 3B 4B 5B 6B 7B o 1B 2B | 13|14 | 15| 16 | 17 | 18
Na|Mg| 3 4 5 6 7 /8 9 10\ 11 12 |Al|Si| P | S |Cl|Ar
19 (20|21 | 22|23 |24 | 25|26 |27 | 28|29 |30 |31 |32]3 |3]|35]| 36
K | Ca| Sc | Ti A% Cr ([Mn| Fe | Co | Ni [Cu | Zn [ Ga | Ge | As | Se | Br | Kr
37 [ 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54
Rb | St | Y | Zr | Nb (Mo | Tc [ Ru | Rh [ Pd | Ag ([Cd | In | Sn | Sb | Te | I | Xe
55 |56 | |71 | 72 | 73| 74|75 |76 |77 | 78 | 79 | 80 | 81 | 82 | 83 | 84 | 85 | 86
Cs | Ba Lu| Hf | Ta | W | Re | Os | Ir | Pt | Au | Hg | Tl | Pb | Bi | Po | At | Rn
87 | 88 | [103| 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112 | 113 | 114 | 115 | 116
Fr | Ra Lr | Rf | Db | Sg | Bh | Hs | Mt
_— 57 | 58 | 59 | 60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70
etay La [Ce | Pr [Nd [Pm |[Sm | Eu | Gd | Tb [ Dy | Ho | Er | Tm | Yb
Metalloids | 22 | 90 | 91 | 92 |93 | 94 | 95 | 96 | 97 | 98 | 99 | 100 | 101 | 102
etallolds | Ac | Th | Pa | U | Np | Pu |Am |[Cm | Bk | Cf | Es | Fm | Md | No

Nonmetals




The octet rule

« Certain arrangements of electrons are more
stable than others. For example, the noble
gases are very stable elements (each having
eight valence electrons).

 When atoms participate in chemical reactions,
they tend to do so in ways that will give them
eight valence electrons* (the “octet rule”).
They can do this either by:
I.  sharing electrons with other atoms, or

Ii. by giving away electrons to other atoms/taking
electrons from other atoms

Eight valence electrons corresponds to completely filled
s and p subshells in the highest electron shell

*Again, the exception is helium, which is very stable and has only two valence electrons



The 1onic bond model

ons are atoms that have lost or gained electrons,
oroducing charged species

Remember, atoms are neutral because they have
the same numbers of protons (+) and electrons (-);
lons have different numbers of protons and
electrons (and so they are charged).

For example a chlorine ion has 17 protons and 18
electrons (so net charge of -1) CI-

A sodium ion has 11 protons and only 10 electrons
(net charge of +1) Na*




The 1onic bond model

* S0 you can calculate an ion’s charge by
summing the charges of the protons and

electrons.

* In cases where ions carry multiple

charges:

Mg?*: 12 protons and 10 electrons
Al3*: 13 protons and 10 electrons
S2: 16 protons and 18 electrons
N3-: 7 protons and 10 electrons



The sign and magnitude of 1onic
charge

* In using the octet rule to predict the nature of an ion, the periodic
table is useful.

* When ionic compounds are formed, atoms will tend to gain or lose
electrons until they possess the same number of electrons as the
nearest-neighbor noble gas.

Na

If a sodium atom
were to lose one
electron, it would
have the same
number of
electrons

as neon (Ne) a

noble

_~ gases

« Example: f dium, Na, | 1 e- mak Na* N
xampie. . Sodium, Na, 10SIn e akes a Na" 1o0n
1A VIIIA
1 2 | Atomic number (i.e. Z) E S N (A
24 — < . Y 5
1 H Group ¢ Group Group Group Group Group He
o1 | 1A L Symbol A IVA VA VIA VI | 400
~~ 7 Atomic mass (not mass number)
a 4 5 6 7 8 9 10
2 Li Be Y N o F Ne
6.94 9.01 10.81 12.01 14.01 16.00 | 19.0¢ 20.18
11 12 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18
3 Na Mg Group Group Group Group/ /Group Group Group Group Group Group Al Si P S Cl Ar
1.99 24.30 | IIIB IVB VB VIiB// VIIB «<—— VIIIB —— IB 1IB 26.98 | 28.09 | 30.97 | 32.07 | 354 39.95
7
3B 19 20 21 22 23 24 25 26 27 28 29 30 31 32 3 34 3s 36
‘4 K Ca Sc Ti Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
& 39.10 | 40.08 | 44.96 | 47.87 | 50.94 | 52.00 | 54.94 | 55.85 | 58.93 | 58.69 | 63.55 | 65.38 | 69.72 | 72.59 | 74.92 | 78.96 | 79.9 83.80
37 33 39 40 41 42 43 44 45 46 47 48 49 50 s 52 53 54
5 Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe
85.47 | 87.62 | 88.91 | 91.22 | 92.91 | 95.94 (98) 101.07 | 102.91 | 106.42 | 107.87 | 112.41 | 114.82 | 118.71 | 121.76 | 127.60 | 126.9D | 131.29
55 56 57 72 7 74 75 76 7 78 79 80 $1 82 83 84 85 86
6 Cs Ba La Hf Ta W Re Os Ir Pt Au Hg TI Pb Bi Po At Rn
132.91 | 137.33 | 138.91(|[178.49 | 180.95 | 183.84 | 186.21 | 190.23 | 192.22 | 195.08 | 196.97 | 200.59 | 204.38 | 207.2 | 208.98 | (209) |} (210 (222)
87 88 39 104 105 106 107 108 109 110 11 12 13 114 115 X\
7 Fr Ra Ac Rf Db Sg Bh Hs Mt Ds Rg — —_ —_ - Metals Nonmetals
(223) | (226) | (227) ||| (263) | (262) | (266) | (267) | (269) | (276) | (271) | (272) | (277) | (284) | (289) | (288)
p 58 59 60 61 62 63 64 65 66 67 68 69 70 7
Lanthanides —p Ce Pr Nd Pm  Sm Eu Gd Th D Ho Er Tm  Yb Lu
140.12 14091  144.24  (145) 150.36 151.96 157.25 158.93 162.50 164.93 167.26 168.93 173.04 17497
i 90 91 92 93 94 95 96 97 98 99 100 101 102 103
Actinides —) Th  Pa U Np | Pu | Am | Cm | Bk cr Es Fm Md No Lr
(232) | (231) | (238) | (237) | (242) | (243) (248) (247) | (251) | (252) | 257) | (260) | (259) | (262)

noble gas

HSS Fig 3.3




The sign and magnitude of 1onic
charge

When a chlorine molecule reacts with sodium to form an ionic
compound (NacCl), it picks up an electron (and is tranformed to a
chloride ion, CI).

Chlorine’s nearest-neighbor noble gas is argon (Ar).

1 Cl :
Group Group

1A VIIIA
1 2 | Atomic number (i.e. Z) 13 14 1 16 17| 75
24 — ~ . 5 "
1 H Group C Group Group Group\ Group Group | o
o1 | 1A L Symbol A IVA VA \VIA VII4 | 400
~~ 7 Atomic mass (not mass number)
3 4 5 6 7 9 10 b |
2 Li Be B C N () F Ne n O e
6.94 9.01 10.81 12.01 14.01 16.00°\ 10.1 20.18
w |2 | 3 4 s 6 fJ7 8 9 a0 u 12 [ NG T gases
3 Na Mg | Group Group Group Group/ /Group Group Group Group Group Group | 4} Si P S Cl Ar
22.99 | 24.30 | IIIB IVB VB VIB// VIIB «—— VIIIB —— IB 1IB 26.98 | 28.09 | 30.97 | 32.07 | 354 39.95
o i
3 19 20 21 22 23 24 25 26 27 28 29 30 31 32 3 34 3s 36
‘4 K Ca Sc Ti Y Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
& 39.10 | 40.08 | 44.96 | 47.87 | 50.94 | 52.00 | 54.94 | 55.85 | 58.93 | 58.69 | 63.55 | 65.38 | 69.72 | 72.59 | 74.92 | 78.96 | 79.9 83.80
37 33 39 40 41 42 43 44 45 46 47 48 49 50 s 52 53 54
5 Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe
85.47 | 87.62 | 88.91 | 91.22 | 92.91 | 95.94 (98) 101.07 | 102.91 | 106.42 | 107.87 | 112.41 | 114.82 | 118.71 | 121.76 | 127.60 | 126.9D | 131.29
55 56 57 72 7 74 75 76 7 78 79 80 $1 82 83 84 85 86
6 Cs Ba La Hf Ta W Re Os Ir Pt Au Hg TI Pb Bi Po At Rn
132.91 | 137.33 | 138.91(|[178.49 | 180.95 | 183.84 | 186.21 | 190.23 | 192.22 | 195.08 | 196.97 | 200.59 | 204.38 | 207.2 | 208.98 | (209) |} (210 (222)
87 38 89 104 105 106 107 108 109 110 1 12 113 114 115 X\
T Fr Ra Ac Rf Db Sg Bh Hs Mt Ds Rg — — —_ — Metals Nonmetals
(223) | (226) | (227) ||| (263) | (262) | (266) | (267) | (269) | (276) | (271) | (272) | (277) | (284) | (289) | (288)
p 58 59 60 61 62 63 64 65 66 67 68 9 70 71
Lanthanides —p Ce Pr Nd  Pm  Sm  Eu Gd Th D Ho Er  Tm  Yb Lu
140.12 14091  144.24  (145) 150.36 151.96 157.25 158.93 162.50 164.93 167.26 168.93 173.04 17497
i 90 91 92 93 94 95 96 97 98 99 100 101 102 103
Actinides —) Th  Pa U Np | Pu | Am | Cm | Bk cr Es Fm Md No Lr
(232) | (231) | (238) | (237) | (242) | (243) (248) (247) | (251) | (252) | (257) | (260) | (259) | (262)

HSS Fig 3.3




The sign and magnitude of ionic

charge

* When lonic compounds are formed, they are
usually formed from reactions that involve
metals and non-metals.

— Metals from groups 1A, 2A, and 3 Atend to lose 1,
2, and 3 electron(s), respectlvely, to get the same
number as the nearest- neighbor noble gas (forming
lons of +1, +2, and +3 charge).

— Non-metals from groups 5A, 6A, and 7A tend to gain
3, 2, and 1 electron(s) to get the same number as the
nearest-neighbor noble gas, forming ions that have -
3, -2, and -1, respectively.

— Elements from goup 4A tend to form covalent bonds
(see next chapter).




The sign and magnitude of ionic
charge
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Writing electron configurations of
lIons and shorthand notation

* You can use the periodic table to abbreviate an electron
configuration for an element or ion, by using a noble gas
to account for part of that electron configuration

« Example: sodium (Na) is 1s22s22p°3s?, or just [Ne]3slt

« For an ion, like Na*, it would be 1s22s22p° or just [Ne]

1 18
Group Group
1A VIIIA
For Cl: 1s22s22p®3s23p° - | ek i ot s s St I
L} | H Group o Symbol Group Group Group Group Group | g
101 | 1A 3 Y IMA IVA VA VIA VIA | 400
52.00 4 3
Atomic mass (not mass )
O r 3 4 5 6 7 8 9 10
— 2 Li Be B C N (V) F Ne
6.9 9.01 10.81 12.01 14.01 16.00 19.00 | 20.18
Ne 3823 5 M > 3 4 5 6 7 8 9 1011 12 - N 5 0 @ o
3 Na M. Group Group Group Group/ /Group Group Group Group Group Group Al Si P S Cl Ar
22.99 | 2430 | IIIB IVB VB VIB// VIIB «—— VIIIB — IB 11B 26.98 | 28.09 | 30.97 | 32.07 | 35.45 | 39.95
3 19 20 21 22 23 24 25 26 27 2 29 30 3l 32 E3) 34 35 36
‘=4 K Ca Sc Ti v Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
& 39.10 | 40.08 | 44.96 | 47.87 | 50.94 | 52.00 | 54.94 | 55.85 | 58.93 | 58.69 | 63.55 | 65.38 | 69.72 | 72.59 | 74.92 | 78.96 | 79.90 | 83.80
37 38 39 40 41 42 43 44 45 46 47 48 49 50 s1 52 3 54
5 Rb Sr Y Zr Nb Mo Te Ru Rh Pd Ag Cd In Sn Sh Te 1 Xe
2 2 2 6 85.47 | 87.62 | 88.91 | 91.22 | 92.91 | 95.94 (98) | 101.07 | 102.91 | 106.42 | 107.87 | 112.41 | 114.82 | 118.71 | 121.76 | 127.60 | 126.90 | 131.29
-
O R 1S 28 2 p 55 56 57 72 73 74 75 76 7 78 79 30 s 82 83 84 85 36
6 Cs Ba La Hf Ta W Re Os Ir Pt Au Hg TI Ph Bi Po At Rn
132.91 [ 137.33 | 138.91(|178.49 | 180.95 | 183.84 | 186.21 | 190.23 | 192.22 | 195.08 | 196.97 | 200.59 | 204.38 | 207.2 | 208.98 | (209) | (210) | (222)
O r 87 88 89 104 105 106 107 108 109 110 11 12 13 14 115 X\
7 Fr Ra Ac Rf Db Sg Bh Hs Mt Ds Rg —_ —_ — —_ Metals Nonmetals
N (223) | (226) | (227) ||| (263) | (262) | (266) | (267) | (269) | (276) | (271) | (272) | (277) | (284) | (289) | (288)
[ ] . 58 59 60 61 62 63 64 65 66 67 68 69 70 71
I —> Ce Pr Nd Pm Sm Eu Gd Th D Ho Er Tm Yb Lu
14012 140.91  144.24  (145) 15036 151.96 15725 158.93 162.50 164.93 167.26 168.93 173.04 17497
TR 90 91 92 93 9 95 96 97 98 9 100 101 102 103
Actinides ——p- Th  Pa N Am  Cm Bk Es Fm  Md No
(232) (231 | (238)  (23]) @ (242)  (243) (248) (247) | @51) | (252) | (257) | (260) | (259) | (262)

HSS Fig 3.3




|Isoelectronic species

 |soelectronic is a term that means having the
same number and configuration of electrons.

« For example: O%, F, Ne, and Na*:

All of these species have the same electron configuration

1522522p5
Z protons electrons charge
0% 8 8 10 -2
F- 9 9 10 -1
Ne 10 10 10 0
Na* 11 11 10 +1




| ewis structures for 1onic
compounds

« When ionic compounds are formed, one atom (or
group of atoms) loses an electron and the other

atom (or group of atoms) takes them. This can
be represented by Lewis structures:

Nal + % 1 —— [Naf :Cl }

N

Should enclose the Lewis symbol
for an ion in square brackets, with
charge indicated to the upper right



| ewis structures for 1onic

compounds

NaQ‘f:::]:

An ionic bond is the force of attraction
between oppositely charged particles.
lonic bonds form between atoms of
dissimilar elements (metals and

nonmetals).
The atom that loses
electrons becomes positively
Atom
e charged because it now has
N L5 more protons than electrons.
7 B
%\ / R w _’,‘
\ "v/ = a AN
\ /K )+ %
v V2. Q) ® /i Electron loss
/ -‘.,.,7-"__'4;". ) o:. . T ~
Ionic bonds form QA}{\ e =2 Positive i
when one atom (or <~ ositive ion -
group of atoms) loses \ N— Posm_ve gnd
electrons and another \ Electron 98? Wf on ntetgautve lolns
atom (or group of ! transfer . N\ attract each
I~ ther
atoms) gains - 7 - 0
electrons.

’J‘:»\~’-”»’ $
o 2 :
iz, .7 Electron gain
y r-:\_,__/a"a S

\ >
S S S
AOF N

v

/-

Atom

The atom that gains electrons
becomes negatively charged
because it now has more
electrons than protons.

-+

— lNa} [: Cl

Ionic compound

Negative Positive

ion ion

lonic compounds consist of
highly ordered arrays of positive
and negative ions. They do not
contain discrete molecules.



| ewis structures for 1onic
compounds

Calcium is group 2A

\ /ﬂ Cl: ) [ (;,*l :
—

o L aa,

k%. o F [: Cl:

\

Chlorine is group 7A




Chemical formulas for ionic
“compounds

— ;
A -
".

N > Mg3N2

3(+2) + 2(-3) = 0

Because formulas for compound are neutral (e.g. NaCl (Na*Cl) overall
has no charge), one can determine the formula of a compound this
way:
— The charge on the positive ion becomes the subscript on the
negative ion.

— The charge on the negative ion becomes the subscript on the
positive ion.

— If these subscripts are not in the lowest whole-number ratio, divide
them by the greatest common factor.

Hints:

- Symbol for the positive ion is always written first

- Charges are not shown in the formula for the compound
- Subscripts give the combining ratios for the ions




The structure of ionic compounds

* Inanionic compound, ions are surrounded
by ions of opposite charge in a lattice
structure

« The smallest part of that lattice that

expresses the chemical formula of the ionic
compound is called the formula unit.

(c)

Chloride One formula
ion unit

2
+4+4 4444

Sodium ion

S

(b)



Recognizing and naming binary
lonic compounds

Binary compounds possess only two elements In
their formulas (e.g. NaCl, NH;, P,O.)

In binary ionic compounds, one element is a
metal and the other is a non-metal (e.g. MgCl,,
Fe,0,)

In naming binary ionic compounds, the metal’s
name is given first, followed by the non metal
part. The non-metals name is presented as a
stem (first part of the element’'s name) with the

suffix ="ide”
NaCl: sodium chloride
K;N: potassium nitride

K,O: potassium oxide



Recognizing and naming binary
lonic compounds

* For binary ionic compounds involving
transition metals, the charge of the
transition metal Is indicated with Roman
numerals in brackets.

« Examples:
— AuCl;: gold(ll) chloride~
— AuCl: gold(]) chloride The charge of the metal in these

cases can be determined from the

—_ FeBl’z: iI’OI’](”) OI’Omide charge that must exist on the non-metal

— SUZSZ copper(l) sulfide -

2(charge on Cu) + charge on sulfide =0
2(charge oneach Cu) +-2=0
charge on each Cu = +1




Polyatomic ions

Monatomic ions are ions that are derived from single
atoms, by loss or gain of electrons.

Polyatomic ions are groups of atoms that carry a charge
overall, as a group. These atoms are held together (as a
polyatomic ion) through covalent bonds.

Examples:

— Sulfate: SO,*

— Carbonate: CO;*
— Acetate: C,H;0,
— Hydroxide: OH-
— Ammonium: NH,*
— Hydronium: H;O*



Key Element Present Formula Name of lon
nitrogen NO;~ nitrate
NQ,— nitrite
NH,* ammonium
N3~ azide
sulfur SO, sulfate
HSO, bisulfate or hydrogen sulfate
SO;* sulfite
HSO;™ bisulfite or hydrogen sulfite
S,0:~ thiosulfate
phosphorus PO~ phosphate
HPO,*~ hydrogen phosphate
H,PO,~ dihydrogen phosphate
PO.*~ phosphite
carbon CO:*~ carbonate
HCO;™ bicarbonate or hydrogen carbonate
G0, oxalate
C,H;0,™ acetate
CN™ cyanide
chlorine ClO,~ perchlorate
ClO5y~ chlorate
ClO, chlorite
ClO~ hypochlorite
hydrogen H,O" hydronium
OH™ hydroxide
metals MnO,~ permanganate
CrO2~ chromate
Cr,02~ dichromate




Chemical formulas for ionic compounds containing
polyatomic ions

« Two situations not previously encountered in

naming come up when polyatomic ions are
Involved:

— When more than one polyatmoic ion of a given type is
present in a formula, the ion is surrounded with
brackets. The subscript, which indicates how many of
these ions are present, is placed outside the brackets.
Example: ammonium oxide: (NH,),O

— The same elemental symbol may appear more than
once in a formula, when polyatomic ions are involved.
For example, ammonium nitrate: NH,NO,

Convention: the positive polyatomic ion is treated like a metal ion (positive)
In naming — it appears first, before the negative ion’s name.



Give formulas for the following ionic
compounds

 Ammonium fluoride
* Nickel(ll) acetate

* Iron(lll) oxide

« Sodium phosphate



