IONS & IONIC BONDS
(Chapter 6 pp143-156 and 160; Chapter 15 pp 413-425)
Please review the periodic table and make sure that you know the location and properties of metals and nonmetals.
All METALS have several characteristics in common when forming ions:
 (1)  ALWAYS LOSE ELECTRONS FROM THEIR OUTER ENERGY LEVEL TO FORM POSITIVE IONS WHICH ARE CALLED CATIONS.   

(2)  the Roman numeral at the top of the “A” columns on the Periodic Chart is the number of electrons in its outermost energy level, and these are the electrons which the metal will lose (all of them)

All NON-METALS have (almost) opposite characteristics when forming ions:
(1) ALWAYS GAIN ELECTRONS INTO THEIR OUTER ENERGY LEVEL UNTIL THEY HAVE 8 AND FORM NEGATIVE IONS WHICH ARE CALLED ANIONS.  
(2) the Roman numeral at the top of the “A” columns on the Periodic Chart is the number of electrons in that atom’s outermost energy level, and non-metals must gain enough electrons here to make a total of 8 in the outermost energy level.

Positive ions (cations) have more protons than they have electrons since metals

ALWAYS LOSE electrons.  This results in the ion having a positive charge.

Negative ions (anions) have gained electrons in their outermost energy levels and therefore have more electrons than protons.  This results in the ion having a negative charge.

OXIDATION NUMBER is the overall charge on an ion after it has lost electrons (metals) or gained electrons (non-metals).  Oxidation numbers can be determined by looking at the Periodic Chart for the "A" column elements, but usually it is easier just to memorize the oxidation number associated with every ion rather than having to look it up every time.

When ions are combined together to form compounds, THE OVERALL CHARGE OF THE COMPOUND WHICH RESULTS MUST BE "ZERO" OR NEUTRAL.  
For example, if an ion of potassium (whose charge is +1) combines with an ion of chlorine (whose charge is -1), the compound that results is electrically neutral as written in a one-to-one ratio of ions, i.e. 1 potassium ion with a charge of +1 will exactly neutralize 1 chlorine ion with a charge of -1, so the formula for the compound is written simply KCl  (1 K to 1 Cl)

However, if an ion of magnesium (whose charge is +2) combines with an ion of chlorine (whose charge is -1), the compound that forms must be electrically neutral, so therefore, it takes 2 of the chlorine ions (with a charge of -1 each)  to neutralize 1 of the magnesium ions whose charge is +2.  When we write the formula, it must be written MgCl2 to make it absolutely neutral.  The atoms are present in a one-to-two ratio.  The number which shows us that there must be more than 1 of a particular ion present to make the compound neutral is always written as a SUBSCRIPT

NOTICE THAT IN WRITING CHEMICAL FORMULAS, THE METAL ION IS ALWAYS WRITTEN FIRST AND THE NON-METAL ION IS WRITTEN LAST.  
Example 5-1  Write a correct formula for the compound which would form between



(a)  lithium  and fluorine



(b)  calcium and sulfur



(c)  cesium (#55) and oxygen



(d)  aluminum and oxygen



(e)  sodium and sulfur



(f)  aluminum and chlorine



(e)  potassium and oxygen

Ionic compounds are those compounds which are made up of

(1) and metal and a non-metal

(2)  a metal and a polyatomic ion

(3)  ammonium ion and a non-metal

(4)  ammonium ion and a polyatomic ion
When naming BINARY (2 elements only) ionic compounds  (i.e. a metal and a non-metal)  


(1)  Call the entire name of the metal  (same as the periodic table name)  

(2) shorten the name of the non-metal (usually at the 2nd vowel from the end of the word) and add the suffix "ide".  Therefore KCl would be called


 potassium chloride, not potassium chlorine.  

Example 5-2   Name the following binary ionic compounds:


(1)  MgBr2

(2)   NaF


(3)  Al2O3

(4) CdO


(5)  ZnS


(6)  Na2O


(7)  K3N

Most metals have more than one oxidation number and when you name them you must indicate which of the oxidation numbers you are using.  All metals on the Periodic Chart except Group IA, Group IIA, Ag, Cd, Al and Zn have more than one oxidation number. Every metal in Group IA has only one oxidation number, and it is +1; every metal in Group IIA has only one oxidation number, and it is +2; Al is always (only) +3; Ag is always (only) +1; Cd and Zn are always (only) +2.


 copper (+2 or +1)





 iron (+3 or +2)





 lead (+4 or +2)





 tin (+4 or +2)





 mercury (+2 or +1)




Because some metals were found to have more than 2 oxidation numbers, we adopted a newer system of naming called the IUPAC (International Union of Practical and Applied Chemists) or “stock” naming systems. This system uses the name of the metal followed by a Roman numeral in parenthesis which indicates the oxidation number.  So. Therefore, Cu+2 would be called copper (II) and Cu+1 would be called copper (I); Fe+3 is iron (III) and Fe+2 is iron (II); Pb+4 is lead (IV) and Pb+2 is lead (II); Sn+4 is tin (IV) and Sn+2 is tin (II); Hg+2 is mercury (II) and Hg2+2 is mercury (I)

Example 5-3   Write correct formulas for the following


(1) 
 iron (III) oxide   



(2) 
 tin (IV) chloride   


(3)
  lead (IV) oxide   


(4) 
 tin (II) sulfide    


(5)  
mercury (II) bromide      

(6) mercury (I) fluoride    

***notice that mercury (I) ions never occur as simply Hg+1; they always occur in pairs as Hg2+2

(7)  
copper (II) nitride   

(8) iron (II) iodide    

How do you know which oxidation number to use if you are given a formula and asked to name the compound?

The simplest method is to ALWAYS CHECK THE NEGATIVE ION since the negative ions never change oxidation numbers.  For example if you are naming FeO, check the negative ion first.  The negative ion has a charge of –2 and therefore, the positive ion must be +2 since they are written as a neutral compound in a 1:1 ratio.  This compound would be named iron (II) oxide.   

However, if you are asked to name SnS2, check the negative ion first.  The oxidation number of the sulfide ion is –2 BUT you have 2 sulfide ions in this compound, so the total negative charge in this compound is –4 and therefore, the positive ion must be +4 for the compound to be written as a neutral compound.

  Example 5-4  Name the following compounds:


(1)   FeCl2

(2)  SnO


(3)  CuS


(4)  Hg2I2

(5)  CuI


(6)  PbO2  

Polyatomic ions are ions which are composed of several different elements.  These elements stay together in chemical reactions and the entire group has a charge (oxidation number).  There is no way you can predict the formulas nor the oxidation numbers of these by looking at the Periodic Chart at this time. You will be provided with a list of polyatomic ions during quizzes and tests. The STAAR CHART that you received at the beginning of the year has a list of polyatomic ions.  

If you must add a subscript after a polyatomic ion, IT MUST BE PLACED IN PARENTHESES FIRST AND THE SUBSCRIPT ADDED OUTSIDE THE PARENTHESIS!!   No exceptions!!!!

Example 5-5   Write correct chemical formulas for each of the following:


(1)  aluminum nitrate


(2)  copper (II) sulfate


(3)  zinc chlorate


(4)  magnesium phosphate


(5)  ammonium chromate


(6)  silver nitrite


(7)  aluminum permanganate

Ionic bonds are ELECTROSTATIC attractions. That is, one of the particles exhibits enough electronegativity that it can actually "take away" an electron from another particle. This leaves one particle positively charged (the one which lost the electron) and one particle negatively charged (the one which took the electron away). A (+) particle will "stick" to a (-) particle because opposite charges attract. This type of bond is found in all ionic compounds. (Hint: remember that ionic compounds are those which have (1) a metallic cation and a non-metallic anion (2) a metallic cation and a polyatomic anion (3) a polyatomic cation (ammonium is the only one we know) and a non-metallic anion (4) a polyatomic cation and a polyatomic anion 

Before we can discuss bonding in detail, it is necessary to be able to draw Lewis Dot structures for both atoms and ions. You should review drawing Lewis Dot structures for neutral atoms.
Drawing the Lewis dot structures for ions follows the same pattern. Remember that metals will lose all of their valence electrons to form a positively-charged particle called a cation. Metals lose electrons from “outside” to inside”. When a metal loses electrons to form an ion, all you have to do is write the electron configuration in order of increasing distance from the nucleus and simply remove electrons from the last term written (outermost). 

Non-metals will gain enough electrons to completely fill their “p” sublevel and form a negatively-charged particle called an anion. Monatomic ions will ALWAYS have four pairs of electrons showing in the dot structure. “Gained” electrons should be indicated with an “x” or “o” rather than a dot to distinguish them from the atom’s own electrons. 

Example 5-6 Draw the Lewis dot structures for each of the following: 

(a) calcium ion 

(b) potassium ion

(c) nitride ion 

(d) sulfide ion 

How to draw Lewis dot structures for ionic compounds 
(1) Draw the Lewis dot structure for the positive ion (with charge) If there is more than one positive ion, be sure to draw them all (with charge). 

(2) Draw the Lewis dot structure for the negative ion (with charge) very close by. If there is more than one negative ion, be sure to draw them all (with charge) 

Example 5-7 Draw the Lewis structure for sodium chloride. 

Example 5-8 Draw the Lewis structure for magnesium fluoride. 

Example 5-9 Draw the Lewis structure for aluminum oxide. 

Characteristics of ionic compounds: 
(a) have high melting and boiling points 

(b) exist as crystals and are therefore brittle and will cleave (break apart) when struck 

(c) many are soluble in water (review solubility rules) 

(d) conduct electric current in their molten (melted) form and in their dissolved forms because in these two states, there are charged particles which can move. They will not conduct electricity in their solid state (charged particles are there, but they cannot move) nor in their gaseous phase.(charged particles are too far apart to conduct electricity). 

Compounds which have hydrogen as their cation are usually named as acids unless you can determine by the physical state that they should be named normally.  If there is (aq) beside the compound whose cation is hydrogen, it is an acid and will be named as such.  If there is (s), (l), or (g) beside the compound whose cation is hydrogen, it should be named normally.  Here are the acids which you should memorize now. The presence of hydrogen ion (H+) in acids is what gives them their characteristic low (below 7) pH.
HCl​(aq)

hydrochloric acid

stomach acid

H2SO4 (aq)
sulfuric acid


battery acid

HNO3(aq)
nitric acid


used to pure tobacco leaves

H3PO4(aq)
phosphoric acid

used in all soft drinks as a preservative

HC2H3O2(aq)
acetic acid


vinegar; used in salad dressings

Since all acids have hydrogen as the cation, acid names come from the anion root. 

	Anion Ending
	Acid Ending

	-ide

H3N contains nitride ion
	hydro…ic

H3N is hydronitric acid

	-ate

HNO3 contains nitrate ion
	…ic

HNO3 is nitric acid

	-ite

HNO2 contains nitrite ion
	…ous

HNO2 is nitrous acid


Bases have pH greater than 7. Most bases contain hydroxide ion (OH-) as their negative ion and are named like a normal ionic compound.
Ba(OH)2
barium hydroxide

NaOH

sodium hydroxide

Fe(OH)3
iron(III) hydroxide

The only base that you will need to know that doesn’t contain hydroxide ion is ammonia whose chemical formula is NH3.
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