Chapter 3: Calculations with Chemical Formula and Equations
Mole
· Mole (n) is a SI base unit of the amount of a substance containing 6.02 x 1023 entities. 
· The unit symbol for the mole is (mol). The counting unit for entities such as atoms, ions, subatomic particles (electrons) and molecules is the mole. 
· The value 6.02 x 1023 is sometimes called the Avogadro's Constant (NA) in honour of the Italian physicist Amedeo Avogadro.
· Avogadro's constant (NA) is the number of entities in 1 mol of a substance that equals to 6.02 x 1023 It is defined as the number of atoms in exactly 10g of the Carbon-12 Isotope.
· Amount (n) is the quantity of a substance that is measured in moles (mol).
Mass, Atomic Mass and Molar Mass
· Mass (m) is the amount of matter in a substance. The unit symbol of mass is grams (g).
· Atomic Mass is the mass of one atom of an element. It is measured in atomic mass units with the unit symbol (u). The atomic mass of an element can be found on the periodic table.
· Molar Mass (M) is the mass of 1 mol (6.02 x 1023 entities) of a substance. The unit symbol for molar mass is grams per mole (g/mol).
· Molecular Mass (MM) is the sum of the atomic mass of all atoms in a molecule of a substance.
· The unit symbol for molecular mass is also grams per mole (g/mol).
· Formula Mass (FM) is the sum of the atomic masses of each element in the compound. 
· For all substances, the molar mass in g/mol is numerically equal to the formula mass in atomic mass units (amu).
· The equation    shows the relation between the molea (n), mass (m) and the molar mass (M).
Number of Entities
· The number of entities (N) in a sample can be determined by multiplying the  number of moles/ amount (n) by Avogadro's Constant (NA). This can be represented by the equation   N = nNA
· 
· Elements - Atoms
· Ionic Compounds - Formula Units
· Molecular Compound - molecules
· 
· The number of atoms/ions in a sample of a compound equals to the number of atoms/ions per molecule/formula unit times the number of molecules/formula units in the sample.

Percentage Composition
· Percentage Composition is the percentage by mass, of each element in a compound.
· It is constant for any sample size of a compound despite the change in the mass.
· Percentage Composition is determined experimentally to help identify an unknown compound. 
· Combustion Analysis is one of the examples of such experiments.
· Relative masses are usually given as percentage composition.
· Law of Definite Proportions - a compound always contains the same proportion of elements by mass. 
· Ratio of atoms or ions can be determined in a sample of a compound if we know relative masses of its elements.
· The percentage composition is not the same as the ratios of the atoms in the element.
· The percentage composition of an element can be calculated by using the experimental mass of the compound or the molar mass of the compound.   
· It can also be calculated by using this equation:




How to Calculate Percent Composition
1. Calculate the Molar mass of the element
2. Calculate the Molar Mass of the compound.
3. Sub in the formula to get percent composition 
4. To find the mass of the element present in a certain sample use: 
mrequired = Percent Composition x msample
Empirical Formula
· Empirical Formula is a formula that show the simplest whole number ratio of the elements in compound 
· Empirical formulas tell us the identity and ratio of the atoms, not the actual formula.
· Most chemical formulas for ionic compounds are empirical formulas.
· The empirical formula can be determined by following these steps:
1. Convert Percentage to mass by assuming an experimental mass (100g) and dividing the percentage by it.
2. Convert that mass to number of moles by dividing it by the molar mass of the element.
3. Once all Percentages are converted to moles, divide all of them by the smallest number of mole.
4. Multiply the answer into a whole number and write the empirical formula.
Molecular Formula
· Molecular Formula is a formula that shows the element symbols and exact number of each type of atom in the molecular compound.
· The molecular formula can be the same as the empirical formula of the compound in some cases because the molecular formula is already in its simplest form.
· It is the whole number multiple of the empirical formula.
· It can either be calculated by the empirical formula and the molar mass or the percent composition and the molar mass.
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Mole Ratio
· Mole Ratio is the ratio of the amounts of the entities in a chemical reaction . 
· It is measured in moles (mol) which can be determined by the coefficients of a balanced equation.
· It is necessary to balance an equation before determining the amount of the product because the amount of the product is related to the mole ratio of the chemical equation.
· It describes the amount of product expected from a given amount of reactants.


Stoichemistry
· Stoichemistry - study of relationship of mass and amount between reactants and products in a chemical reaction.
· Stoichemistry amount is an amount of reactants that is in the same proportion as the reactant coefficient in the balanced chemical equation.
· Reactants are present in Stoichemistry amounts if they are in the same ratio as given by the balanced chemical equation. Theoretically, Stoichemistry amount of reactant is completely used up in a chemical reaction.
· Mole Ratios are used to calculate the amount of the reactants used and products formed.
· The masses of the products cannot be predicted directly from the masses of the reactants.
Steps to solving Stoichemistry Problems
1. Write a balanced chemical equation.
2. Find the moles (n) of the given mass.
3. Convert the moles of the given to the moles of the required by using mole ratios.
4. Convert the required from moles to mass by using the formula  m = nM
Types of Reagents 
1. Limiting Reagent 
· Limiting Reagent is the reactant that is completely consumed in a chemical reaction.
· It determines the amount of product that will be formed in a chemical reaction.
· When the limiting reactant runs out, the reaction stops.
· There can only be one limiting reagent in a reaction.
2. Excess Reagent
· Excess Reagent is a reactant that is still present after the reaction is complete.
· Some of the excess reagent is left over after the reaction.
· There can be multiple excess reagents in a reaction.
Solving Limiting Reactants Problems
1. Write a balanced equation and calculate moles of reactant using m=nM.
NaOH     +    HCl             NaCl    +    H2O
2.0 mol         2.5mol                . …………………..
2. Calculate the number of moles of product produced by each reactant.
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3. Identify the lower number of moles of product from each reactant. This will be the amount of product produced from the limiting reactant.
2.0 mol of NaCl will be produced 
4. Convert the lower number of moles of product to the mass of the product.
				m = (2.0 mol NaCl) (58.44 g/mol NaCl)	m = 116.88 g NaCl
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Calculating Excess Reactant
1. Write a balanced chemical equation.
NaOH     +    HCl             NaCl    +    H2O
2.0 mol         2.5mol                . …………………..
2. Determine which one is limiting and which one is excess by mole ratio.
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3. 
4. Find the amount of excess reactant used by mole ration of the two reactants.

5. Subtract that number from the original moles of the excess reagent
(Original - Used) = Remaining Amount
(2.5 mol of HCl - 2.0 mol of HCl)
=   0.5 mol of HCl are left
Percentage Yield
· Percentage yield is the ratio expressed as a percentage of the actual yield to the theoretical yield.
· It describes how efficient a reaction is at forming the desired product.
· Percentage yield can be calculated by comparing the actual mass of the product with the theoretical mass or by comparing the actual amount of product with the theoretical amount.

· Ideally, all of the limiting reactant is converted to the desired product in a chemical reaction.
· This gives the maximum possible yield of product and is defined as the theoretical yield.
· Theoretical yield is the amount or mass of a product predicted based on Stoichemistry of the equation.
· The theoretical yield is achieved if 100% of the limiting reagent is converted into products.
· In practice, however, theoretical yields are rarely achieved.
· Actual yield is the amount or mass of the product actually collected during an experiment.
· This yield is usually less - some of the limiting reagent did not become part of the collected product.
Solving Percentage Yield Problems
1. Write a balanced equation
2. Convert mass of given substance to moles of given substance
3. Convert moles of given substance to moles of required substance through mole ratio.
4. Convert the moles of required substance to mass of required substance.
5. Calculate the percentage yield.




