CHAPTER 5 – MOLES/STOICHIOMETRY
Finding Molecular Formula From Empirical Formula
Review:  What is the empirical formula of C4H10?

If the empirical formula of a molecule is C2H5 and the molecular mass is 58, what is the molecular formula?

Three Steps for Finding Molecular Formula from Empirical Formula:

1. Find the mass of the empirical formula in the Periodic Table

Mass of C2H5:

2. Divide the mass of the molecular formula by the mass of the empirical formula:

Mass of the Molecular Formula
=

Mass of the Empirical Formula

3. Multiply the empirical formula by the answer found above in Step 2:

Chemical Equations:

· short hand description of a chemical reaction

· in chemical reactions, there is conservation of mass, energy and charge

· total matter on one side of the equation equals total matter on the other side of the equation (This is called the Law of Conservation of Matter).

· total amount of energy on one side of the equation equals total amount of energy on the other side of the equation (This is called the Law of Conservation of Energy).

· total charge on one side of the equation equals total charge on the other side of the equation

Ex:  Hydrogen peroxide breaks down into water and oxygen gas

2H2O2 





2H2O    +   O2 






   “yields”

reactants





      products






coefficient = moles

Atom Inventory:

Reactants





Products
H – 4





        H - 4

O – 4





        O – 4

This equation is balanced!

Steps to Balancing Equations:

1. Write word equation

2. Convert to formulas

3. Balance by adjusting coefficients (NEVER SUBSCRIPTS)

4. Check for conservation of matter (# of atoms are equal on each side)

Ex:


 Na + 
 H2O 




 NaOH + 
       H2

 Fe + 
 O2





 Fe2O3





MOLE-MOLE PROBLEMS

· determine how many moles of one element or compound react with a given number of moles of another element or compound

Ex: 

How many moles of Ca are needed to react completely with 6 moles of H2O in the following reaction:

Ca    +  2H2O


    Ca(OH)2  +  H2
1. Cross out anything that is not in the problem.

2. Set up a proportion:

3.  Cross multiply.

Ex:

How many moles of HCl are needed to react with 10 moles of Al?

2 Al  +  6 HCl   




2 AlCl3  + 3 H2​
(Remember: coefficient means moles)

1.  Cross out anything that is not in the problem.

2. Set up a proportion.

3.  Cross multiply.

Ex:  

Given:

2 NO   +   O2  




2NO2
How many moles of O2 are needed to produce 3.6 moles of NO2?

FORMULA MASS:

Formula mass: the sum of the atomic masses in a molecule

Ex:  What is the formula mass of K2CO3?

Ex: What is the formula mass of H2O?    

Gram Formula Mass (a.k.a. Molar Mass): the mass of 6.02 x 1023 particles (1 mole of particles)

6.02 x 1023 particles = 1 mole of particles

Ex:

Formula mass of K2CO3 = 138 

6.02 x 1023 particles of K2CO3 = 138 g (gram formula mass)




   Mass of 6.02 x 1023 

Compound  

Formula Mass (amu)


particles 

H2O

O2
NaCl

Ex:

What is the mass of 1 mole or 6.02 x 1023 molecules of CO2?

· In gases like oxygen or helium, 1 gram formula mass (6.02 x 1023 particles) occupies 22.4 liters

RULE:

1 mole (of molecules)

equals

1 gram formula mass

equals

6.02 x 1023 molecules

equals

22.4 liters (for gases at STP)

Density:

D = M


D = molar mass
   
       V


       molar volume

REMEMBER: MOLAR VOLUME = 22.4 LITERS!!!

LOOK AT  REFERENCE TABLE T FOR THE FORMULA FOR DENSITY!!

LOOK AT REFERENCE TABLE S FOR THE DENSITY OF THE ELEMENTS!!

1. What is the density of a gas if 19.8 g has a volume of 15.0 L at STP?

2. What is the density of a gas if 25.5 g has a volume of 33.6 L at STP?

3. What is the density of one mole of N2 gas at STP?

4. What is the density of one mole of SO2 gas at STP?

5. What is the molecular mass (molar mass) of a gas that has a density of 0.714 g/L at STP?

6. What is the gram molecular mass (molar mass) of a gas that has a density of 3.17 g/L at STP?

Percent Composition (by mass): the percent, by mass, of an element in a compound.

% composition by mass = mass of part

   x 100





       mass of whole

Ex:  

Find the percent of H in H2O  (The answer is NOT 66%)

1. Find total mass of H in H2O:

2(1) = 2

2. Find total mass of compound H2O:

2(1) + 16 = 18

3. Divide mass of element (part) by mass of compound (whole):

2/18 

4. Multiply by 100 to get percent:

2/18(100) = 11.1%

Ex:

Find the percent composition by mass of CO2.

Find the percent by mass of water in CuSO4•5H2O.

Determining Empirical Formulas From Percent Composition:

- assume that you have a 100 g sample (change percents to grams)

1. Find the number of moles of each component by dividing by molar mass

2. Determine the lowest whole number ratio of moles

· this is equal to the subscripts in the empirical formula

· you may have to divide the lower number of moles into the larger and then double or triple the ratio to get whole numbers

Ex:

A hydrocarbon has the following percent composition: 92.3% carbon, 7.7% hydrogen.  What is the empirical formula of the hydrocarbon?

A compound is 72.4% iron and 27.6% oxygen.  What is its empirical formula?

A compound contains 17.5 g iron and 7.5 g oxygen.  What is its empirical formula?

Types of Chemical Reactions:

1. Synthesis:

· two or more elements or simpler compounds unite to form a compound

· Ex:

Na  +  Cl


 NaCl

2. Decomposition:

· a compound is broken down into two or more elements or simpler compounds

Ex:

NaCl 


Na  +  Cl

3. Single Replacement:

· a free element replaces an element that is part of a compound

Ex:

Fe  +  CuSO4

        FeSO4  +  Cu

4. Double Replacement:

· two elements replace each other or switch partners.

Ex:

NaCl   +  AgNO3



NaNO3  +  AgCl

Phase Notation:

(s) – solid

(l) – liquid

(g) – gas

(aq) – aqueous



gas

  
precipitate

1
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