
Chapter 2

Chemical Formulas and Composition Stoichiometry

Objectives:

· Understand some early concepts of atoms

· Use chemical formulas to solve various kinds of chemical problems

· Relate names to formulas and charges of simple ions

· Combine simple ions to write formulas and names of some ionic compounds

· Recognize and use formula weights and mole relationships

· Interconvert masses, moles, and formulas

· Determine percent compositions in compounds

· Determine formulas from composition

· Perform calculations of purity of substances

I. Section 2-1  Atoms and Molecules 

a. Discovery of the Atom 
i. Democritus ( 470-400 B.C.) - suggest matter is composed of tiny, discrete, indivisible particles he called atoms.  
ii. Early 1800   the Law of Conservation and Law of Definite proportions lead to new discoveries 
iii. John Dalton (1766-1844) explained matters behaviors in 5 parts
1. An element is composed of extremely small, indivisible particles called atoms. 


2. All atoms of a given element have identical properties that differ from those of other elements. 
3. Atoms cannon be created, destroyed, or transformed into atoms of another element.
4.  Compounds are formed when atoms of different elements combine with one another in small whole-number ratios
 
5. The relative numbers and kinds of atoms are constant in a given compound. 

b. Atom - the smallest form of an element that maintains its chemical identity through all chemical and physical changes.


c.  Composed of fundamental particles-- Electrons, protons, neutrons
	Table 2-1
	Fundamental Particles
	

	Particle (symbol)
	Approximate mass (amu)
	Charge (relative mass)

	
	
	

	
	
	

	
	
	


d. Atomic number-- number of protons in an element
e.  Molecule- is the smallest particle of an element or compound that can have a stable independent existence.
i. in nearly all molecules, tow or more atoms are bonded together in small units that are electrically neutral
ii. 7 naturally occurring molecules
1. Starts with seven, makes a seven and hydrogen
2. 2 --  7
II. Section  2-2   chemical formulas
a. Chemical formulas- shows the chemical composition of a substance
i.  kind of element
ii. subscript shows the number
b.  Allotropes- different forms of the same elements
i.  examples- Oxygen, Ozone
ii.  Carbon
c.  Table 2-2  Names and formulas of some common Molecular Compounds
	Name
	Formula
	Name
	Formula
	Name
	Formula

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


d. Types of compounds
i. Organic compounds- carbon containing compounds
ii. Inorganic compounds- all other compounds
e. Structural formula- unlike the chemical formulas they show the order in which elements attach
f. Example- page 53
III. Section 2-3  Ions and Ionic Compounds
a. Ion- an atom or group of atoms that caries an electric charge
b. Types of ions
i. Cation- positive ion ( lose of electrons)
ii. Anion - negative ion ( gain of elections)
c. Formula unit- consist of a given ratio of ions and does not exist on it own
d. Polyatomic ions- groups of atoms that carries a charge
i.  Examples 

IV. Section 2-4  Names and Formulas of some Ionic Compounds
a. Naming monatomic ions 
i. Cations
1. S-block elements
a. Positive
b. Take their name plus the word ion
c. Sodium becomes sodium ion
2. D-block elements
a. Positive
b. Take a roman numeral to indicate the charge.
c. Iron II or Iron III
ii. Anions
1. Negative
2. Take an –ide ending
3. Chlorine becomes chloride
b. Writing Binary Ionic compounds 
i. Definition- compounds composed or two different elements
ii. Steps 
1. Write the symbols of the ions
2. Mg+2 N-3
3. Cross over the charges by using absolute value of each ion’s charge as the subscript for the other ion.
4. Mg3+2 N2-3
5. Check subscripts and divide them by their largest common factor
6. Mg3N2
c. Naming Binary Ionic compounds 
i. Nomenclature or naming system
ii. S-block elements
1. cation takes its name
2. anion take an -ide ending
iii. D-block elements- use the stock system
1. cation takes a roman numeral to indicate its charge.
2. Anion takes an –ide ending
iv. Compounds containing Polyatomic ions
1. All but ammonium are negative
2. Most are Oxyanions- 
3. Ones that contain oxygen
4. May contain different amounts of oxygen 
a. prefix (hypo)- less than (ite)
b. ite - less than ate 
c. ate- one more than ite 
d. Prefix (per)- one more than –ate
d. Naming Binary Molecular compounds 

i. The less electronegative element is first and is given a prefix only when it contributes more than one. 

ii. The second element is always given a prefix and an –ide ending. 

iii. The o or a at the end of a prefix is usually dropped when the work following the prefix begins with another vowel. 

iv. Table of numerical prefixes. 
	Number
	Prefix

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


v. Ex.
e. Naming Acids and Salts 

i. Acids 

1. A compound that contains a hydrogen 

2. Binary acids 

a. Use a hydro- prefix and an -ic ending 
b. Attach the word acid at the end

3. Oxyacids 

a. Use an -ic ending when polyatomic ends with -ate ending.
b. Use an -ous ending when polyatomic ends with -ite.
V.  Section 2-5  Atomic Weights
a.   Atomic mass unit (amu) -- exactly 1/12 of the mass of an atom of a particular kind of carbon atoms, called a carbon-12.
b. Atomic mass is found on the periodic table.
VI. Section  2-6  The Mole
a. The SI unit for the amount of a substance
b. 1 mole = 6.02 X 10 23 


c.   Molar mass- the mass of one mole of a substance is equal to the combined masses of the elements in the compound. 
i.  moles of atoms
ii. numbers of atoms
iii.  masses of atoms
iv. Avogadro’s number. 
VII.  Section 2-7  Formula weights, molecular weights, and moles
a.  Formula weight-the sum of the atomic weights of the elements found in a compound
b. Example pg 63.
c.  Molar mass is numerically equal to the formula weight
i. masses of molecules
ii. moles
iii. number of atoms
VIII. Section  2-8  Percent Composition and Formulas of compounds
a.  Percent by mass
b. Percent composition = (part / whole)  x 100%
IX.   Section 2-9  Derivation of Formulas from Elemental Composition
a.  Types of formulas
i.  Empirical Formula- is the simplest formula for a compound
ii. Molecular formula- indicates the actual number of atoms present in a molecule.
b. Steps to solve for formula
i. Calculation of empirical formulas
ii. Definition- consists of the symbols for the elements combined in a compound, with subscripts showing the smallest whole-number mole ratio of the different atoms in the compound.
1. Starting with percentage measurements.
2. Assume you have 100 grams
3. Convert the percentages to mass numbers
4. Divide by the molar mass
5. Divide the answer by the smallest number to get lowest ratio
6. Round each number in the ratios to the nearest whole number yields the correct mole ratio.
7.  Problem solving tip page 72

	Decimal Equivalent
	Fraction
	Convert to integer multiply by

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


X.   Section 2-10 Determination of Molecular formulas
a.  Calculation of Molecular Formulas
b. Empirical is the smallest ratio
c. Molecular formula is the actual amount
i. Fist determine the empirical formula
ii. Determine the ratio of molecular mass (a given) to empirical formula mass.
iii. Multiply the empirical formula’s subscripts by the ratio.
iv. Write the molecular formula
v. Practice PG 233

XI.  Section 2-11  Some Other Interpretations of chemical formulas

a. Composition of Compounds  

b. Ex pg 77 -80

XII. Section 2-12  Purity of Samples

a.  Percent purity- the mass percentage of a specified substance in an impure sample.

b. Example- 81
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