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A Summary of Inorganic Nomenciature

Tonic Compounds:

Ionic compounds contain both positive ions (cations) and negative ions {(anions). The ions in these
compounds are held together by strong electrical attractions between lons of opposite charge (ionic bonds).
At the molecular level discrete molecules do not exist in ionic compounds, rather they consist of three-
dimensional arrays of cations and anions arranged in a regular pattern that we call a lattice. The formula of
an ionic compound represents the smallest whole number ratio of ions that results in a net charge
of zero for the compound. The ionic charges do not appear in the formula of an ionic compound.

1. Names and Formulas of Monatomic Ions: These are single atom ions. Metals lose electrons to form
cations whereas nonmetals gain electrons to form anions. It is essentially that vou be abie to
determine if an element is a metal or 2 nonmeta! by its position in the Periodic Table.

a.

Fixed-Charge Metal Ions {cations): These are metals that form stable cations of oniy one
charge. They are named by using the elemental name.

l\ia+ Sodium Ion o
24

Ca Calcium Ion
3

Al N Aluminum lon

You do not need to memarize the charges for most of the fixed-charge metal ions, since the
position of the metal in the Periodic Table can be used to determine the charge of its ion.

Group 1A metal ions have a charge of +1.
Group 2A metal ions have & charge of +2.
Group 3A metal ions (aluminum and gallium) have a charge of +3.

Four common transition slements that have a fixed-charge are silver, cadmium, nicke!
ang zinc. You must memorize these!

Zn**  Zincion Ag®  Silver Ion Cd** Cadmium ion Ni** Nickel ion

YVariable-Charge Metal Ions {cations): Many transition metsis as well as lead and tin are
ahle to form stable cations of more then one charge. The charge on the metal ipn (oxddation
number) is indicated in the name by using a2 Roman numeral, inside parentheses, after the name
of the metal. The Roman numeral is considerad to be part of the name of the ion and is reguired.

, .
Fe fron{il} Ion
3
Fe''  Iron(lII) Ion
In an alternative system, the metal ion with the higher charge is given the ending -ic; the one

with the lower charge is given the ending -ous. {The Latin name for the metal is usually used in
this system.)

2+

] Ferrous Ion
I+ _

Fe Ferre Ion

You do not need to memorize the charges for the variable-charge metal ions, since the charge is
given by the name or can be determined by the formula of the compound.

Ions of Nonmetals (anions): These are named by taking the stem of the elemental name and
changing the ending to -ide.
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Inorganic Nomenclature

Oxide Ion
Nitride
F Fluor de Ion

You do not need to memorize the charges for the monatomic anions, since the position of the
nonmetal in the Periodic Table can be used to determine the charge of its ion.

Group 7A nonmetal ions have a charge of -1.
Group 6A nonmetal ions (oxygen, sulfur, selenium) have a charge of -2.
Group 5A nenmetal ions (nitrogen, phosphorus) have a charge of -3.

MNames and Formulas of Polyatomic Ions: A polyatomic ion is an ion composed of two or more atoms
covalently bound together. The atoms as a group carry a charge. Polyatomic ions are not compounds
themselves, they are always found associated with ions of oppos:te charge to give a zero net charge.
Polyatomic ions arg given special names that you must memorize in order to name the compounds
containing them. It is essential that you be able to recagmze the preseﬁce of polyatomic ions in
compounds by both their name and formula.

Most polyatomic tons are negatively charged. A common positively charged polyatomic ion is the
ammonium ion {NH;").

Many polyatomic ions contain oxygen. These ions are referred 10 as oxpanions. Several series of
oxoanions that contain an atom of a given element and different numbers of oxygen atoms exdst. When
two such ions exist in a series, the name of the ion that contains the most oxygen atoms ends in -ate and
the name of the ion containing the least oxygen atoms ends in -ite.

S0.% is sulfate (contains more oxygen atoms than sulfite)
5057 is sulfite

When more than two ions exist in a series of oxoanions the prefixes per- and hypo- are usaed to indicate
the ion with the greatest and the least number of oxygen atoms, respectively.

ClO4 is parchiorate (contains more oxygen atoms than chlorate}
Cl0;y™ is chlorate

ClO;" is chiorite

ClO7 is hypochlorite (contains iess oxygen atoms than chiorite)

While the names of most negatively charged polyatomic ions end with efther -ate or ~ite, there are three
common negative polvatomic ions that have names which end in ~ide: the hydroxide jon (OH ), the
cyanide fon {CN ) and the peroxide fon (077,

Writing Formulas for and Naming Ionic Compounds:

Formudas: The cation {positive ion) is always written first followed by the anion (negative jon). The

subscripts used in the formula must indicate the smaliest whele number ratio of tons that will give the
compound a net charge of zero,

Maming: The cation is named first followed by the anion.

Examples:
a. Binary ionic compounds containing a fixed-charge metal. These are composed of two
elements, one of which is a fixed-charge metal ion (catimn) and the other a2 nonmetal ion {anion},
Callh; is Calciuwm Chloride: composed e? Caz emd € ions
Ag,0 is Silver Oxide: composead of Ag and C} 10n$
Ma.S is sodium Sulfide: compoased of Na and S ions
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Binary ionic compounds containing a variable-charge metal. These are composed of two
elements, one of which is a variable-charge metal ion (cation) and the other a nonmetal ion
(anion).

Cudl; is Copper(11) Chloride: compaosed of Cu2+ and CI ions
CuCl is Copper(l) Chioride: composed of cu’ and ¢f jons

Remenber, there is no need to memorize charges for the variable-charge cations since the charge
is given by the name or can be determined by the formula by knowing the anion charge.

In the alternative system

CuCly is Cupric Chloride: composed of Cuh and Ci ions

CuCl is Cuprous Chloride: composed of cu’ and Ci ions
Ionic Compounds that Contain Polyatomic Ions. (Some text books call these ternary
compounds). These compounds may be composed of a metal ion {¢ation) and a polyatomic anion,
a polyatomic cation and a nonmetal ion (anion) or both a polyatomic cation and a pelvatomic
anion.

{NH4)2CO4 is Ammonium Carbonate: composed of NH, and CO32 ions

Ma3PO, is Sodium Phosphate: composed of Na' and PO, fons
Feo(SQ4); is Iron(II) Sulfate: composed of Fe* and S0.% ions

NH4Cl is Ammonium Chloride: composed of NH,* 2and Cl ions
Mg(CN); is Magnesium Cyanide: composed of Mg " and CN ions
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Binary Molecular Compounds:

Binary molecular compounds contain two nonmetallic elements. The atoms in these compounds are
held together by sharing electrons (¢covalent bonds). At the molecular level these compounds consist of
discrete molecules. The twa nonmetals present are named in the order in which they appear in the formula.
The least elecironegative element is usually written first. The name of the first nonmetal is given in full. In
naming the second nonmetal, the stem of the elemental name is used with the suffix -ide added. In addition,
the number of atoms of each element present in a molecule of a compound is explicitly incorporated into the
name of the compound by using Greek numerical prefixes. You must memorize these prefixes.

Mame: prefix + name of first nonmetal prefix + stem of second nonmetal + ide

Prefix Number of Atoms

mono-
di-

tri-
tetra~
penta-
hexa-
hepta
octa-
nona-
deca-

BAD G0 S AN Bl N e

Examples:
NO is Nitrogen Monoxide.
NO; i& Nitrogen Dioxide.
M20, is Dinitrogen Tetroxide.

Note: The prefix mone- is ususiy omitied for the first element. Also, when the element is oxygen and
the prefix ends in a or o the, a or g of the prefix is dropped for ease of pronunciation.

mono-oxide becomes monoxide
tetra-oxide becomes tetroxide

Compounds with hydrogen listed as the first element in the formula are named without using
prefixes. This is a standard exception to the use of numearical prefixes.

H.5 is Hydrogen Sulfide
HCl is Hydrogen Chioride

Two common names that are always used are water {(H,0) and ammonia (RH:).

Acids:

In the Arrhenius definition, an acid is & substance that produces hydrogen (H+} ions when dissolved in water,
An example is hydrochloric acid:

HCHaqg) — H"{ag) + CF{aq)

Howsver, not all compounds that contain hydrogen behave as aclds (e.g. PHy and CH, are not acids). Acids
generaily have hydrogen written first in their formuls.

i. Binary Acids: These acids are composed of hydrogen and another nonmetal. The name of the acid
is derived from the name of the parent anhydrous compound by using the following general rules:

a. The word hvdrogen is replaced with the prefix hvdro-.
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Inorganic Nomenclature

b. The suffix -ide is replaced with -ic.

c. The word acid is added.

Anhydrous Form Name in Water Solution
HC! is Hydrogen Chioride. HCi(aq) is Hydrochloric Acid.
H,S is Hydrogen Sulifide. HoS(aq) is Hydrosulfuric Acid.

2. Oxo-acids: These are acids that contain oxoanions., The name of the acid is derived from the name
of the oxcanion by using the following general rules:

a. When the name of the oxoanion ends in -ate, replace the ~ate with -ic. When the name
of the oxoanion ends in ~ite, replace the -ite with ~ous,

b. The word acid is added.
¢. Prefixes hypg- and per- are retained.

Oxoanion Formula and Name of Acid
Sulfate (S04*) H.S0.{aq} is Sulfuric Acid.
Sulfite (50:27) H2505(aq) is Sulfurgus Acid,
Hypochlorite (CIO™) HCIO{aq) is Hypochlorgus Acid.

Bases:

in the Arrhenius definition, a base is a substance that produces hydroxide (OR ) ions when disscived in water.
An example is sodium hydroxide:

NaOH(aq) — Na™(aqg) + OH (ag)
The most common strong inorganic bases contain a metal lon along with the hydroxide ion.
Formulas: The metal is always written first followed by the hydroxide ion.
Naming: The metal is named first, followed by the hydroxide ion.

NaOH is Sodium Hydroxide.
Ba(OH); is Barium Hydroxide.

Armnonia is a comimon weak base. It does not contain hydroxide ions, but reacts with water producing OH”
lons:

NHs{aq) + HO(0 « NHs"(ag) + OH (ag)

Bottles of agueocus ammonia are sometimes labeled as ammonium hydroxide or NH0H. This is misleading
since ammonia is 2 weak base that produces only a small concentration of ions in water solution. The
predominant form in solution is NHz(aq).

Hydrates:

Some substances exist as hydrates. In a hydrate, each formula unit of the compound has associated with i a
certain number of weakly bound water molecules. These weakly bound water molecules are called waters of
hydration. This does not mean that these compounds are “wet” or liguid. The waters of hydration are
incorporated inte the solid structure of the compound. The waters of hydration may be driven off by heating
to give the anhydrous form of the compound. Hydrates are named from the anhydrous compound, followed
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Inorganic Nomenclature

by the word hydrate with a Greek numerical prefix used to indicate the number of water molecules per
formula unit of the compound.

Mame: name of anhydrous compound foliowed by prefix + hydrate
Formula Name
CuClye2H,0 or CuCh{H,0}, Coppert{lI) Chioride Dihydrate

The formula can be written either way shown above.
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Inorganic Nomenclature

Table of Cations

Ionic Charge: +1

ionic Charge: +2

Ionic Charge: +3

Alkali Metals
{Group 1AY:

4 o 2+
Li Lithium Be
+ X 2
Na Sodium Mg
+ N 2+
K Potassium Ca
4+ . 2+
Rb Rubidium Sr
+ . pEy
Cs Cesium Ba

Transition Elements:
2t

cu’ Copper{l) Zn
Ag+ Silver

Poivaiomic Ions: 2+
Ammonium Co

NH,"

+
Fe

2
N
Cu

24
Cr

Cthers:
2

24
Cd
2+
Mn
2

2+
2+
Hg

Ha %*

+
Sn
th—

Alkatine Earth Metals
{Group 243}

Berylium
Magnesium
Calcium
Strontium
Barium

Transition Elemenis:

Zing

Cadmium
Manganese(ll)
Iron{Il)

Coebalt (1)
Nickel
Copper{il}
Chromium(II}
Mercury(I1}
Mercury(I})

Tin(il}
Lead(IT)

Group 3A:
3
Al * Aluminum
Ga  Gallium

Transition Elements:
Cr3+ Chromium{III}
Mn3+ Manganese(IIl)}
Fe' Tron(IID)

Co’ Cobalt(il)

T Titanium(IID)

Others:
3
As Arsenic(IIl)

Other Charges:

At

&n

A4+

Pb

A+
Ti

S5

As

Tin(IV)

Lead{IV)

Titaniurmn{IV})

Arsenic{V)
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Inorganic Nomenciature

Table of Anions

Ionic Charge: —1 Ionic Charge: =2
Halogens {Group 7A): Oxoanions: Group 6A:
F Fluoride Clo,” Perchlorate o> Oxide
Ci” Chioride ClOy™ Chiorate 2- \
Br- Bromide CIoy” Chiorite S Sulfide
I Iodide Cio” Hypochlorite
- Orosnions:
BrO; Bromate 7o
Oxoanions that Contain BrO>” Bromite €O, Carbonate
Hydrogen: Bro” Hypobromite .
HCO;™  Bicarbonate or 2842- gu:;ite
Hydrogen Carbonate 104" Periadate 3 uitiee
1047 Iodate .
HSO,  Bisulfate or g;—oé 5 g‘?"t?matet
Hydrogen Sulfate NO3™ Nitrate a7 ichromate
NO,™ Nitrite C2042_ Ox'aiate
HSO4y”  Bisulfite or gzg? 'Fl;h!osgéfate
Hydrogen Suifite oH~ Hydroxide 2 croxioe
CoHz0,"  Acetate
H.PO,~ Dihydrogern {Often written as CHxCOO™) . i
phosphate Mno4” Permanganate OXQBHIBHS that Contain
Hydrogen:
HPO,*  Hvdrogen
Others: Phosphate
CN”™ Cyanide
SCH™ thigcyanate ion
H Hydride (when
combined with group 1A and
24 metals)

Ionic Charge: -3

Group BAs
o
M Nitride

P3u Phosphide

Cwoanion:
PO, Phosphate
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