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5.10: Naming Polyatomic and Ternary lonic Compounds

4b Learning Objectives

o Recognize polyatomic ions in chemical formulas.
o Write the correct formula for ionic compounds with polyatomic ions.
o Use the rules for naming ionic compounds with polyatomic ions.

Polyatomic lons

Some ions consist of groups of atoms bonded together and have an overall electric charge. Because these ions contain more than one atom, they are called polyatomic ions.
Polyatomic ions have characteristic formulas, names, and charges. For example, NO5™ is the nitrate ion; it has one nitrogen atom and three oxygen atoms and an overall 1—-
charge. Table 5.10.1lists the most common polyatomic ions.

Table 5.10.1 Some Polyatomic Ions

Name
ammonium ion

acetate ion

Formula

NH,"
C,H30; (also written CH3CO; ")

carbonate ion CO32_
chromate ion Cros2
dichromate ion Cr07"
hydrogen carbonate ion (bicarbonate ion) HCO5~
cyanide ion CN™
hydroxide ion OH™
nitrate ion NO3~
nitrite ion NOy™
permanganate ion MnOy4~
phosphate ion PO
hydrogen phosphate ion HPO,2~
dihydrogen phosphate ion H,PO4
sulfate ion S0,%”
hydrogen sulfate ion (bisulfate ion) HSO4~
sulfite ion SO327

The rule for constructing formulas for ionic compounds containing polyatomic ions is the same as for formulas containing monatomic (single-atom) ions: the positive and
negative charges must balance. If more than one of a particular polyatomic ion is needed to balance the charge, the entire formula for the polyatomic ion must be enclosed
in parentheses, and the numerical subscript is placed outside the parentheses. This is to show that the subscript applies to the entire polyatomic ion. An example is

Ba(NO3)2.

Writing Formulas for lonic Compounds Containing Polyatomic lons

Writing a formula for ionic compounds containing polyatomic ions also involves the same steps as for a binary ionic compound. Write the symbol and charge of the cation
followed by the symbol and charge of the anion.

v Example 5.10.1: Calcium Nitrate

Write the formula for calcium nitrate.

Solution
Example 5.10.1: Steps For Problem Solving, Write the formula for calcium nitrate
Criss Cross Method Write the formula for calcium nitrate
1. Write the symbol and charge of the cation (metal) first and the anion (nonmetal) Ca2t NO-
second. 8
2. Transpose only the number of the positive charge to become the subscript of the Ca@* NOg@
am'on and the number only of the negative charge to become the subscript of the The 2+ charge on Ca becomes the subscript of NO3 and the 1- charge on NO3
cation; becomes the subscript of Ca.
3. Reduce to the lowest ratio. Ca, (NO,),
4. Write the final formula. Leave out all subscripts that are 1. If there is only 1 of the
Ca(NO,),

polyatomic ion, leave off parentheses.
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Write the chemical formula for an ionic compound composed of the potassium ion and the sulfate ion

Solution
Example 5.10.2: Explanation for Writing the Chemical Formula for an Ionic Compound Composed of the Potassium Ion and the Sulfate Ion

Explanation Answer

Potassium ions have a charge of 1+, while sulfate ions have a charge of 2—. We will
need two potassium ions to balance the charge on the sulfate ion, so the proper K550,
chemical formula is K;SOy4.

? Exercise 5.10.1

Write the chemical formula for an ionic compound composed of each pair of ions.

a. the magnesium ion and the carbonate ion
b. the aluminum ion and the acetate ion

Answer a:
MgCOs3

Answer b:
Al(CH3CO0)3

Naming lonic Compounds with Polyatomic lons

The process of naming ionic compounds with polyatomic ions is the same as naming binary ionic compounds. The cation is named first, followed by the anion. One
example is the ammonium Sulfate compound in Figure 5.10.6

(NH4)2504

NH4*

ammonium ion sulfate ion

Remove the word “ion”

ammonium + sulfate

ammonium sulfate

I

Figure 5.10.2 Naming Ionic Compounds with Polyatomic Ions

https://chem.libretexts.org/@go/page/494763


https://libretexts.org/
https://creativecommons.org/licenses/by-nc/4.0/
https://chem.libretexts.org/@go/page/494763?pdf

OLibreTexts-

aming Compounds

with Polyatomic lons
\Na Alj(i\OL)q

[. Name the metal (the cation) using

N HN ()1 the Periodic Table. K3 POI

2. Write the name of the polyatomic ion
using the Common lon Table.

v Example 5.10.3: Naming lonic Compounds

Write the proper name for each ionic compound.

a. (NH4)2S
b. AIPOg4,
c. Fe3(PO4)2

Solution

Example 5.10.3: Explanation for Naming Ionic Compounds

Ionic Compound Explanation Answer

https://chem.libretexts.org/@go/page/494763



https://libretexts.org/
https://creativecommons.org/licenses/by-nc/4.0/
https://chem.libretexts.org/@go/page/494763?pdf
https://www.youtube.com/watch?v=eTNSij-GVHk
https://www.youtube.com/watch?v=eTNSij-GVHk

LibreTextsw

Tonic Compound Explanation Answer
a (NH4)28 a. The ammonium ion has a 1+ charge and the sulfide
ion has a 2— charge.
Two ammonium ions need to balance the charge on a ammonium sulfide
single sulfide ion.
b The compound’s name is ammonium sulfide.

b. The ions have the same magnitude of charge, one of
b. AIPO4, each (ion) is needed to balance the charges. aluminum phosphate
The name of the compound is aluminum phosphate.

c. Neither charge is an exact multiple of the other, so we
have to go to the least common multiple of 6.
c. Fe3(PO4)2 To get 6+, three iron(II) ions are needed, and to get 6—, iron(IT) phosphate
two phosphate ions are needed .
The compound’s name is iron(II) phosphate.

? Exercise 5.10.2

Write the proper name for each ionic compound.

a. (NH4)3PO4
b. Co(NO2)3

Answer a:

ammonium phosphate
Answer b:

cobalt(ITI) nitrite
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