
Chapter 3 – Ionic Compounds 
 

Different atoms can combine together to form two different kinds of strong chemical bonds.  
 
1. Ionic bonds form when an atom completely gives its electrons to another atom. Both atoms become charged 

particles (ions). One ion is positive and the other ion is negative. The attraction between these ions is very strong 
and it forms an ionic bond.  

 
Ionic bonds   Ionic compounds (usually solid, high melting; also called “salts”) 
 

2. Covalent bonds form when two atoms get together and share their electrons. Neither atom becomes an ion, but if 
the electron sharing is unequal, each atom might have a small positive or negative charge. Covalent bonds are just 
as strong as ionic bonds. 

 
Covalent bonds  Molecular compounds (may be liquid, gas, or solid) (CHAPTER 4) 

 

IONIC COMPOUNDS 
 
FORMING IONS 
Many elements can gain or lose electrons to become charged particles called ions. 
 
Why do elements form ions? Elements gain or lose valence electrons to have the same number of electrons as a Noble 
gas. The electron configurations of the Noble gases are each very stable. 
 
Isoelectronic:   having the same number of electrons 
  

   Main group elements gain/lose electrons to become isoelectronic with the noble gases. 
 
Example: For the following,  
   i. show the number of protons and electrons in each,  
   ii. indicate the number of electrons gained or lost, and 
   iii. write the formula for the ion (element symbol + charge).  
 

 
 
 
 

 
 Mg S  
 
  formula of ion______________ formula of ion  _______________   
  

 Isolectronic with ____________ isolectronic with ______________ 

 
FACTORS CONTROLLING ION FORMATION 
 
Ionization Energy:  The energy required to remove one electron from a gaseous atom 
Electron Affinity:  The energy released when a gaseous atom gains an electron 
 
1. Metals have low ionization energy (can form positive ions) 
2. Non-metals have high electron affinity (can form negative ions). 
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These elements need to gain / lose only a few electrons to become like Noble Gases 
 
Elements in the middle of the table do not form ions as readily, because they need to gain/lose more electrons to 
become like Noble gases, and they also have higher ionization energies and lower electron affinities.  
 
Exception:  Transition metals (in the center of the table) also readily form positive ions because of their unique electron 
configuration and low ionization energy 
 
Nonmetals gain electrons to get a filled valence shell  ANIONS 
 Adding negative electrons means non-metals become negatively charged ions 
 
Metals lose electrons to get a filled valence shell  CATIONS 
 Subtracting negative charges means they are left with a positive charge. 
 
Example:  Fill in the blanks in the table below: 
 

Element sodium aluminum chlorine nitrogen 

Element Symbol     

# of e- it gains or loses     

Formula for ion*     

*Note: Charges on ions can be shown with the sign before or after the number (Ba+2 = Ba2+). 
 

 
Example: Write the formula for the ion formed by each of the following: 

fluorine: _________ lithium: _________ phosphorus: _________ 

sodium: _________ oxygen: _________ calcium: _________ 

 
Thus, in reality, metal atoms transfer valence electrons to nonmetal atoms 

  This transfer results in positively charged cations and negatively charged anions 
 
 
Positive charges attract negative charges through electrostatic attraction! 

 Ions come together   ionic compound = 3D network of ions  
 

THE IONIC LATTICE (in an ionic solid) 

 
– consist of ions (charged particles) held  
 together by ionic bonds 
 – ionic bond: electrostatic attraction holding  
  together positively charged metal cations  
  and negatively charged nonmetal anions 

 
 In the 3D representation of NaCl at the right, the Na+ ions (dark) are 

attracted to the Cl– ions (light gray) because of their charges. 
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FORMULA UNIT of IONIC COMPOUNDS 
 

In the 3D network of ions in an ionic compound, each 
cation is surrounded by anions, and vice versa.  

 
formula unit: The fundamental ratio of ions in an ionic 
compound (eg. NaCl, AlCl3, etc.) 
–  gives the ratio of ions (not actual #) present 
– Note that the formula, NaCl, indicates a  
 1-to-1 ratio of Na+ ions and Cl– ions   
 present, not the actual number of each ion in the 
compound.  

Each Na+ ion is surrounded by 6 Cl– ions, and vice versa. To melt the substance, every bond between all of the ions must 
be broken—requiring a lot of energy (i.e. very high temperatures). 
 

NAMES AND FORMULAS OF MONOATOMIC IONS 
 
Type 1:  Metals that always form the same cation 

 – Group IA elements form ions with a +1 charge: H+, Li+, Na+, K+ 
 – Group IIA elements form ions with a +2 charge: Mg2+, Ca2+ , Sr2+ , Ba2+  
 – aluminum ion = Al3+, silver ion = Ag+; zinc ion = Zn2+; cadmium ion = Cd2+ 

 

    element name + ion       Na+=sodium ion   or   Ba2+=barium ion 
 
Type 2:  Metals that form can form more than one cation (transition metals and Pb and Sn, usually) 

 – Iron (Fe) forms 2 different ions:  Fe2+ and Fe3+ 
 – Lead (Pb), in Group IVA, forms 2 different ions:  Pb2+ and Pb4+  

 

    element name (charge in Roman numerals) + ion 
 

    Sn2+=tin (II) ion          and            Sn4+=tin (IV) ion
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Example: Write the name for each of the 
cations below: 

g+ =  __________________________ 

 

Li+ =  __________________________ 

 

K+ =  __________________________ 

 

Zn2+ = __________________________ 

 

Ni3+ =  __________________________ 

 

H+ =  __________________________ 

Hg2+   =  ________________________  

 

Pb4+ =  ________________________ 

 

Cd2+  =  ________________________ 

 

Al3+   =  ________________________ 

 

Sr+2  =  ________________________ 

 

Cr3+  =  ________________________ 

 
ANIONS:  negatively charged ions  
 
– Nonmetal atoms gain electrons to form anions 
 – Group VIIA elements form –1 ions:  F–, Cl–, Br–, I– 
 – Group VIA elements form –2  ions: O2– , S2–  
 – Group VA elements form –3 ions: N3–, P3– 
 
Non-metal elements almost always form the same anion when they ionize, so it is rarely necessary to 
specify the charge on the ion. 
 

   element stem name +”ide” + ion:      O=oxygen        O2– = oxide ion  
 
F– =  _____________________ 

S2– =  _____________________ 

Br– = _____________________ 

N3– =  _____________________ 

Cl– = _____________________ 

P3– =  _____________________ 

Example:  Give the formulas for each of the following ions: 

calcium ion =   __________ 

sulfide ion =  __________ 

silver ion =  __________ 

nitride ion =  __________ 

potassium ion =  __________ 

aluminum ion =  __________ 

phosphide ion =  __________ 

fluoride ion =  __________ 

zinc ion =   __________ 



 page 5 

POLYATOMIC IONS: charged particles formed when molecules ionize 
 
Because there are only a few polyatomic ions, they are all individually named. The names of these ions will be 
supplied on the Periodic Table in our class. 
 

 NH4
+ =  ammonium ion CrO4

2– =  chromate ion CO3
2– =  carbonate ion 

 Hg2
2+ =  mercury (I) ion Cr2O7

2– =  dichromate ion HCO3
– =  hydrogen  

 MnO4
– =  permanganate ion SO3

2– =  sulfite ion ClO– =  hypochlorite ion 

 C2H3O2
– =  acetate ion NO3

– =  nitrate ion ClO2
– =  chlorite ion 

 PO4
3– =  phosphate ion  NO2

– =  nitrite ion ClO3
– =  chlorate ion 

 CN– =  cyanide ion OH– =  hydroxide ion ClO4
– =  perchlorate ion 

 SCN– =  thiocyanate ion O2
2– =  peroxide ion SO4

2– =  sulfate ion  

 

 

WRITING FORMULAS of IONIC COMPOUNDS 
 

Compounds must be neutral    positive (+ve) charges  =  negative (-ve) charges 
 
How to write chemical formulas of ionic compounds: 
 

1. If both ions have charges that are exactly opposite (+1 & -1, +2   & -2, etc.), 

  the compound’s formula contains one of each ion   
  – This also applies for polyatomic ions. 
   

  Na+  +  Cl–    NaCl                  and              Na+  +   CN–    NaCN 
 

 K+   +   Cl–      ___________ 

 Mg2+   +   O2–    ___________ 

 Al3+   +   N3–    ___________ 

 K+
    +   NO3

–        ___________ 

 Mg2+   +   SO4
2–    ___________ 

 Al3+  +   PO4
3–     ___________ 

 

2. For monatomic ions with different charges, use the crossover method: 

  Make the number on the negative charge the subscript of the cation and the number on the positive 
charge the subscript of the anion.  

  – Do NOT bring down the signs (+ or –), just the numbers! 
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Ba2+    +     Cl– 
 
 

 

 

Al3+  +  O2– K+    +    P3– 

 
 
3. For polyatomic ions, where ions have different charges, also use the crossover method: 
 – Express more than one polyatomic ion with parentheses and subscripts. 
 

Sr2+    +  NO3
– 

 
 

 

 

Fe3+  +  CO3
2– Zn2+   +   PO4

3– 

 
EXCEPTION FOR CROSSOVER METHOD:  Ions with 4+  and 2– charges! 
 

Pb4+   +   O2– 
 
 
 
 
 
 
 

Ionic compound formulas have the lowest ratio of 

elements   NOT Pb2O4 but PbO2! 
 

 

Also applies to polyatomic ions! 
 

Sn4+   +  SO4
2–   
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Diatomic Molecules: 
– Recognize these elements that exist as diatomic molecules (X2): (memorize this list) 
 

H2      N2      O2      F2      Cl2      Br2      I2 
 
– Consider them the “diatomic seven” since there are seven of them, and six of them form a 7 on the 

Periodic Table. 
 

 
 
 
Memory Trick:  Horses Need Oats For Clear Brown “I”s 
 
 

NAMING IONIC COMPOUNDS 
 
To name ionic compounds, start with the name of the metal ion followed by the name of the non-metal ion, and drop 
the word “ion”: 
 

1. Type 1 metal cations (always same charge) with non-metal anions 

  NaCl  sodium chloride;   MgO  magnesium oxide;   BaSO4  barium sulfate 
 

2. Type 2 metal cations (different charges) with non-metal anions 

FeF3  iron (III) fluoride SnCl4  Tin (IV) chloride  TiO  titanium (II) oxide 
 
Compounds with Type 2 metal cations are a challenge to name because the charge of the ion is needed to name the 
compound. Fortunately, this information can be worked out from the chemical formula.  
 
Anions always have the same charge. Since all ionic compounds are neutral, the charge on the cation can be worked out from 
the charge on the anion.  
 

I. Easiest case: If one of each (cation & anion) present    opposite but equal charges 
 

 Example:  For each of the following compounds:  
 
 1. Indicate the charge on the anion, then determine the charge on the cation given that the compound must be 

neutral.  
 2.  Name each ion, then name the compound. 
 
 
 



 page 8 

 
CuCl 

 
 
 
 
 

 
Name of CuCl: ________________________________ 
   

 
FeS 

 
 
 
 

 
Name of FeS: _________________________________ 

 
CuSO4 

 
 
 
 
 

Name of CuSO4: _______________________________ 

 
FePO4 

 
 
 
 
 

Name of FePO4: _______________________________ 
 
II. If more than one of each ion is present in the compound,  

 The overall negative charge = overall positive charge to determine the charge for each ion 
 
 Example:  Get the individual ions then the name for each compound below: 
 

 

Cr2O3 
 
 
 
 
 
 

 
Name: __________________________________ 

 

Sn(CO3)2 
 
 
 
 
 
 

Name: __________________________________ 
 
 
Example: Determine the individual ions in each compound, then name the compound. 

    – CATION NAME   +   ANION NAME   minus “ion”    Name of compound 
 

  CoBr3=   _______________  __________________________________ 
                     individual ions                            name of compound 

 

  Sr(OH)2 = _______________  __________________________________ 

 

  HgCrO4 =  _______________  __________________________________ 

 

  MgF2 =  _______________  __________________________________ 

 

  Ag3PO4 =  _______________  __________________________________ 
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  KNO3 =   _______________  __________________________________ 

 

  LiMnO4 = _______________  __________________________________ 

 

  PbO2 =   _______________  __________________________________ 

 

  K2O2 =   _______________  __________________________________ 
 
Example:  Given the name of a compound, determine its formula: 
 
– For cations that can form more than one charge, knowing the charges on the monatomic  

 and polyatomic anions   you can determine charge on the cation. 
 

sodium nitride:   ___________________  _____________________________ 
              individual ions                        formula of compound 
 

zinc phosphate:   ___________________  _____________________________ 
 

strontium chloride:  ___________________  _____________________________ 
 

lead (IV) sulfate:  ___________________  _____________________________ 
 

iron (III) perchlorate: ___________________  _____________________________ 
 

silver phosphide:  ___________________  _____________________________ 
 

calcium iodide:   ___________________  _____________________________ 
 

cadmium acetate:  ___________________  _____________________________ 

 
 
ACI DS AN D THE  ANIONS PRODUCE D BY  IONIZATION  
 
acid:   a substance that releases hydrogen ions in solution (H+) 
 
– easy to recognize because  the chemical formula usually starts with “H” 
 
– binary acid: consists of hydrogen and another nonmetal      
 – e.g. HCl(aq), H2S(aq) 
 
– ternary oxyacid: consists of hydrogen and a polyatomic ion with oxygen 
 – e.g. H2SO4(aq), HNO3(aq), H3PO4(aq) 
 
– Some acids are monoprotic (release only H+ per molecule) 

– e.g. HCl, HBr, HI, HNO3, HClO4 
 
– Some acids are polyprotic (release more than on H+ per molecule) 

– e.g. H2SO4 and H2CO3 are both diprotic; H3PO4 is triprotic. 
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The name of an acid depends on the anion from which the acid forms. 
 

  F– = fluoride ion  

add # of  H's equal
to negative charge

      HF(aq) =  hydrofluoric acid 
 

  NO2

–
 = nitrite ion 

add # of  H's equal
to negativ e charge

     HNO2(aq) =  nitrous acid 
 

  NO3

–
 = nitrate ion  

add # of  H's equal
to negativ e charge

     HNO3(aq) =  nitric acid 

 
For some acids, the stem name changes: 
 

  PO4

3–
 = phosphate ion 

add # of  H's equal
to negativ e charge

    H3PO4 (aq) =  phosphoric acid 

 
 
Examples: Name the following ions, then give the chemical formula (including the physical state), and 
name the acid. 
 

Br– = _________________  



add # of  H's equal
to negativ e charge

  _____________ =   _______________________ 
 

SO4
2– = _________________  



add # of  H's equal
to negativ e charge

  ___________ =   _______________________ 
  

Cl– = _________________  



add # of  H's equal
to negativ e charge

  _____________ =    _______________________ 
 

C2H3O2
– = ________________  



add # of  H's equal
to negativ e charge

  __________=    _______________________ 
 

SO3
2– = _________________  



add # of  H's equal
to negativ e charge

  ___________ =    _______________________ 
 

ClO– = _________________  



add # of  H's equal
to negativ e charge

  ___________ =    _______________________ 
 

ClO4
– = _________________  



add # of  H's equal
to negativ e charge

  ___________ =    _______________________ 


