Test 3:  FORMULAS AND MATH OF FORMULAS
1. A chemical formula uses symbols and numbers to show both qualitative and quantitative information about a substance.

2. There are two types of formulas.  A molecular formula represents the total amount of each atom in a molecule.  An empirical formula is the simplest ratio of the elements in a compound.  Note:  an ionic compound has only an empirical formula.

For example: 

 A compound has an empirical formula of 

CH2O and a molar mass of 180 grams.  Find the molecular formula. 

Answer: 

 Find the mass of the empirical formula (CH2O):    30 grams

Divide the molecular mass by the empirical mass:  180/30 = 6

Multiply the answer by the empirical formula:         6  x (CH2O) = C6H12O6
3. Writing formulas:  find the oxidation numbers of the elements and/or 

polyatomic ion.  (table E), criss-cross and reduce.
For example:  Magnesium sulfide Mg+2 S-2  is MgS
                        Aluminum sulfate  Al+3 SO4-2 is Al2(SO4)3

4. Naming compounds:

a. Binary ionic compounds:  name the metal first and non-metal second.  Change the non-metal name ending to –ide.  Remember to use the stock system (roman numeral) when the metal has more than one oxidation number.  The roman numeral is the same as the oxidation number.
For example:  

AlCl3  is aluminum chloride

FeCl2  is iron (II) chloride

FeCl3  is iron (III) chloride

b. Ternary ionic compounds:  name the metal or positive ion followed by 

non-metal or negative ion.  (table E)  Remember to still use roman 

numerals if the metal has more than one oxidation number. 

For example:

CaSO4  is calcium sulfate

NH4Br is ammonium bromide

KCN is potassium cyanide

Pb3(PO4)2 is lead (II) phosphate
c. Binary covalent compounds:  involve two nonmetals.  The one with the 

Lower electronegativity is named first, the one with the higher electronegativity (table S) is named second.  Change the ending of the second nonmetal to –ide.  Use prefixes to tell the number of atoms of each element present. (1-mono, 2-di, 3-tri, 4-tetra, 5-penta, 6-hexa).  If you have only one of the first element the prefix mono is not used.

For example:

NO3 is nitrogen trioxide

N2O4 is dinitrogen tetroxide

d. Naming acids:  Acids are considered binary if they contain H and a nonmetal.  Use the prefix hydro/stem of the nonmetal/ic acid.  Acids are considered ternary if they contain H and a negative polyatomic ion.  Look up the name of the ion on table E.  Change the suffix “ate” to “ic” acid and the suffix “ite” to “ous “ acid.  Do not use the prefix hydro.  (table K)
For example:

H2S is hydrosulfuric acid

H2SO4 is sulfuric acid

H2SO3 is sulfurous acid

e. Naming hydrated salts:  Name the salt according to the rules above 

followed by a prefix before the word hydrate.
 For example:

CuSO4   .    5H2O is copper (II) sulfate pentahydrate

5. Molar Mass (gram formula mass): is the mass in grams for one mole of a substance.  Also referred to as the molar mass.

For example:  

What is the molar mass of K2CO3?

Answer:

	Element
	Number of Atoms
	Atomic mass
	Total

	K
	2
	39.1
	78.2

	C
	1
	12.1
	12.1

	O
	3
	16.0
	48.0


 



Molar mass :  78.2+12.1+48.0=138.2 grams
6. Mole:  The mass of one mole of a substance is the molar mass.  The number of particles (atoms, ions, molecules) in a mole is 6.02 x 1023 (avogadro’s number).  A mole of any gas at STP will occupy 22.4 liters (molar volume)

The following three formulas can be used in mole problems.

Mass:  moles(n)=given mass (g)/molar mass (gfm) (table T)

Particles:  moles = given number of particles/6.O2 x 1023

Volume:  moles = liters (l)/ 22.4 l (molar volume)  (for gases only)
For example:  Given 88.O grams of carbon dioxide.  Calculate the number of moles, molecules and volume.

Answer:  n=g/gfm , 88.0/44.0= 2 moles


   n=particles/6.02 x 1023, 2= particles/ 6.02 x 1023   1.2 x 1023 molecules
                       n=l/22.4, 2= l/22.4= 44.8 liters

7. Percent Composition:  The formula is given on table T.

Percent composition by mass = mass of part/mass of whole x 100

For example: 

What is the percent composition of oxygen in KClO3?
Answer:  

Mass of oxygen:  48.0 g

Molar mass:  122.6 g

Percent by mass= 48.0/122.6 x 100 = 39.2 %

What is the percent of water in CuSO4  .   5H2O

Answer:

Mass of 5 waters:  90.0 grams

Molar mass:  249.3 grams

Percent by mass= 90.0/249.3 x  100= 36.1%

8. Emprical formulas:  some problems might ask you to find the empirical and 

and molecular formulas from the percent compositons.

For example:

A compound is found to be 80.0% carbon and 20.0 % hydrogen
Answer:

Find the moles of each element using g/gam

Moles carbon:  80.0/12.0 = 6.67 moles
Moles hydrogen:  20.0/1.0 = 20.0 moles
Divide the moles by the smallest number of moles and use the numbers as subscripts.
Subscript for carbon:  6.67/6.67 = 1

Subscript for hydrogen:  20.0/6.67 = 3

CH3

If the molecular mass is 30.0 grams, what would be the molecular mass?

Answer:

The empirical formula has a mass of 15.0 grams.  Divide the molar mass by the empirical mass.

30.0/15.0 =2

Multiply the subscripts in the empirical formula by 2.0.

C2H6
