Unit 4:

Chemical Formulas and

Chemical Compounds

· Significance of a Chemical Formula-indicates the relative number of atoms of each kind in a chemical compound.  It tells the number of atoms of each element in a single molecule of the compound.  

· Monatomic Ions
· Ions formed from a single atom

· Naming monoatomic cations identified by the element’s name *example 
· Naming monoatomic anions
· #1- drop the ending of the element’s name

· #2- add the ending –ide to the root name

· Roman Numerals with the Stock system (later in the lecture)

· Binary Ionic Compounds

· Compounds composed of two elements 

· In a binary ionic compound the total number of charges must be equal *example 

· Steps:

· #1 Write the symbols for the ions side by side. Write cation first.

· #2 Cross over the charges by using the absolute value of each ion’s charge as the subscript for the other ion *example 

· #3 Check the subscripts and divide them by their largest common factor to give the smallest possible whole-number ratio of ions. Then write the formula.
· Naming Binary Ionic Compounds
· Nomenclature (naming system) of Binary Ionic Compounds involves combining the names of the compound’s positive and negative ions. 

· #1 Cation is given first then the anion

· Simple ionic compounds ratio of the ions not indicated because it is understood with the relative charges of compound ions 

· *example 
· Stock System

· When elements form two or more cations with different charges the stock system to distinguish between the ions formed 

· Example: Iron; iron (II) and iron (III)

·  Roman numerals indicate ion’s charge, numerals are in ( ) and are immediately after the metal name
· Compounds Containing Polyatomic Ions

· Most are – charged and oxyanions (polyatomic ions that contain oxygen)

· Some elements can form more than one type of oxyanion

· Example: N; NO3- (nitrate) (the ion with the greater # of O ends in –ate)  or NO2- (nitrite) (the ion with the fewer # of oxygen atoms ends in –ite).

· Prefix hypo- an anion that has one fewer O atom than the –ite anion

· Prefix Per- an anion that has 1 or more O atoms than the –ate
· Example:

· hypochlorite  ClO-
· chlorite  ClO2-
· chlorate  ClO3-
· perchlorate  Cl04-     
· Naming Binary Molecular Compounds
· Rules for prefix system of nomenclature of binary molecular compounds:

· #1 Element with the smaller group number is given first, if both in same group then the period number that is greater is given first.  Element given prefix only if it contributes more than one atom to a molecule of the compound.

· #2 Second element is named by combining

· (a) a prefix indicating the number of atoms contributed by the element

· (b) root of the name of element

· (c) then ending –ide, with some exceptions the ending –ide indicates that a compound contains only two elements
· #3 The o or a at the end of prefix is dropped when the word following begins with another vowel

· Example monoxide not mono-oxide

Numerical Prefixes

1 mono-

2 di-

3 tri-

4 tetra-

5 penta-

6 hexa-

7 hepta-

8 octa-

9 nona-

10  deca-
· Covalent-Network Compounds
· The subscripts indicate the smallest whole-number ratio of atoms in the compound SiO2 – silicon dioxide
· Acids and Salts
· Binary acids consist of two elements; usually H and one of the Halogens

· Oxyacids contain H, O, and a third element (usually a nonmetal) 

Oxidation Numbers

· Assigning Oxidation Numbers
· Electron distribution of the compound.  The general distribution of electrons in the bonded atoms in a molecular compound or a polyatomic ion (Oxidation numbers aka Oxidation states) 

· Oxidation numbers are useful in naming compounds, balancing equations and writing formulas of chemicals.

· Assigning Oxidation Numbers: (shared electrons are assumed to belong to the more electronegative atom)

· 1) Atoms in a pure element have an oxidation # of zero.

· 2) More-electronegative atom is assigned the number equal to the negative charge it would have as an anion. Less-electronegative atom is given the number equal to the positive charge it would have as a cation.

· 3) F has an oxidation # of -1 in all of its compounds because it is the most electronegative element.

· 4) Oxygen’s oxidation # is -2.  Exceptions are peroxides where Oxygen’s oxidation # is -1 and when it is with F where its oxidation # is +2.

· 5) H has an oxidation # of +1 in all compounds with elements that are more electronegative then H.  H oxidation # is -1 in compounds with metals.

· 6) Algebraic sum of oxidation # of all atoms in a neutral compound is equal to zero.

· 7) Algebraic sum of oxidation numbers of all atoms in a polyatomic ion is equal to the charge of the ion.

· 8) Rules 1-7 apply to covalently bounded atoms, oxidation numbers can also be assigned to atoms in ionic compounds.

· 9) Monatomic ion has oxidation # equal to charge of the ion. Example: Na+, Ca2+, and Cl- have oxidation numbers of +1, +2 & -1 respectively.  
· Using Oxidation Numbers for Formulas and Names

Using Chemical Formulas
(to calculate formula mass, molar mass and percentage composition)
· Formula Masses
· The sum of the average atomic masses of all atoms represented in its formula. 
· Molar Masses
· Calculated by summing the masses of the elements present in a mole of the molecules or formula units that make up the compound. 
· Molar Mass as a Conversion Factor
· Relate an amount in moles to a mass in grams for a given substance.

· Amount in moles X molar mass(g/mol)= mass in grams 
· Percentage Composition

· To find mass % of an element in a compound:

· Divide the mass of element in a sample of the compound by the total mass of the sample, then multiply this value by 100.

· Mass of element in sample of compound/mass of sample of compound X 100 = % element in compound

· The percent of the element is the same regardless of the sample’s size. So it is easier to calculate the % of an element in a compound by how many grams of the element are present in one mole of the compound. Then divide value by molar mass of the compound and multiply by 100 to find the % element in a compound.

Determining Chemical Formulas

· Calculation of Empirical Formulas 

· Empirical formula- contains the symbols for the elements in compound with subscripts showing the smallest whole number mole ration of the different atoms in the compound. 

· Percentage composition ( mass composition ( composition in moles ( smallest whole-number mole ratio of atoms 

· Calculation of Molecular Formulas

· The molecular formula is the actual formula of a molecular compound.  

· Relationship between compound’s empirical formula and its molecular formula can be written as follows:

· X(empirical formula) = molecular formula

“X” is a whole-number multiple indicating the factor by which the subscripts in the empirical formula must be multiplied to obtain the molecular formula. 
