Chapter 10 – Chemical Quantities

10.1 The Mole: A Measurement of Matter:

Mole: (Hank Green’s video)
· Unit of measurement 
Representative Particles:

· Smallest unit of a substance (atom, molecule, formula unit, ions, anything…)

· Avogadro’s number = 6.02 x 1023 representative particles (RP)
· 6.02 x 1023 representative particles= 1 mol

Molar Mass:

· Molar mass= g/mol

· Molar mass of:

-an element = atomic mass (g)

         Ex. 24.3 g/mol = molar mass of Mg

                -a compound = sum of the atomic masses (g) of each element 
 

 Ex. 58.44g/mol = molar mass of NaCl
· Molar mass= 1 mol
Molar Volume:                                 
· Molar volume= 22.4 L/mol
· Standard temperature and pressure (STP) = temp= 0º C, pressure = 1 atm
· 22.4 L = 1 mol (at STP)
Calculating Molar mass from Density:

· molar mass (g/mole) = density at STP (g/L) x molar volume at STP (22.4L/mole)
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Molar mass (g/mol) =  grams   22.4 L
                         L      mole

Calculating Density from Molar mass:

· Density at STP (g/L) = molar mass (g/mole) x molar volume at STP (1mole/22.4L)

Density (g/L) =  grams   1 mole

                                1 mole   22.4 L            
10.3 Percent Composition and Chemical Formulas:

The Percent Composition:

· Percent Composition = relative amounts of elements in a compound

            % composition of an element = mass of element    x 100

                                  mass of compound

Percent Composition from Mass Data:

· Masses used = given in the problem 
Ex. When a 13.6 g sample of compound containing only Mg and O is decomposed,
 5.4 g of O is obtained.  What is the percent composition of this compound?
% Mg =     mass of Mg             x 100    =   8.2 g   x 100 = 60.3 %

 mass of compound                        13.6  g

% O =     mass of O                x 100    =     5.4 g   x 100 = 39.7 %

mass of compound                          13.6  g

Percent Composition from the Chemical Formula:

· Masses used = based on the formula
Ex. Calculate the percent composition of Propane (C3H8) 
% C = mass of C     x 100     =  36.0 g  x 100   = 81.8%

      mass of Propane                44.0 g

% H = mass of H    x 100       = 8.0 g  x 100   = 18%

      mass of Propane                44.0 g

Percent Composition of a Hydrate (a compound w/H2O molecule(s) attached):

· Masses used = mass of H2O/mass of compound 
Ex. sodium carbonate decahydrate, Na2CO3∙10H2O.  What is the percent composition of H2O in this compound?
% H2O =     mass of H2O      x 100    =   180 g   x 100 = 62.9 %

     mass of compound                  286 g

Empirical vs. Molecular Formulas
Empirical:

Lowest whole # ratio of atoms (simplified)

· % to grams 
· grams to moles *
· Divide by small (mole value)* 

· Multiple till whole
    *Must do every time
Molecular:

Actual # of atoms (not simplified)

Molecular formula =   MF molar mass
      subscripts              EF molar mass
        (which you then multiple thru the empirical
         Formula to get the molecular formula)
More details on each:
Empirical Formulas:

· Lowest (simplest) whole # ratio of atoms of elements in the compound
          (may not sure the actual # of atoms)
· May or may not be the same as the molecular formula

Determine empirical formulas from % composition:

· % to grams of 

· grams to moles 

· Divide by small (mole value) 

· Multiple till whole
Ex. Calculate the empirical formula if a compound contains 25.9% nitrogen and 
74.1 % oxygen.
  

25.9 % N = 25.9 g N

74.1 % O= 74.1 g O

25.9 g N       1 mol N    = 1.85 mol N 


                     14 g N



74.1 g O       1mol O       = 4.63 mol O

     16 g O


1.85 mol N/ 1.85 = 1 mol N
4.63 mol O/1.85 = 2.50 mol O


1 mol N x 2 = 2 mol N

2.50 mol O x 2 = 5 mol O


Empirical formula = N2O5
Determine empirical formulas from mass data:

· Grams to moles 

· Divide by small (mole value) 

· Multiply till whole

Ex. Calculate the empirical formula if a sample of an unknown compound
       contains 0.537 g of Copper and 0.321 g fluorine.

0.537 g Cu    1 mol Cu      = .00845 mol Cu 


                    63.55 g Cu



  0.321 g F    1 mol F     = .0168 mol F

     19 g F

.00845 mol Cu/.00845 = 1 mol Cu

.0168 mol F/.00845 = 2.00 mol F


Empirical formula = Cu F2
Molecular Formulas:

· Tells actual # of each atom present in the compound 

· May or may not be the same as the empirical formula

· Must have molar mass of the compound to determine the
           molecular formula

Determine the molecular formula from empirical formulas and molar mass:

Molecular formula subscripts =   molecular formula molar mass






       empirical formula molar mass



ex. What is the molecular formula of a compound whose 
      molar mass = 60g/mol and empirical formula = CH4N?












60 g  = 2 (subscript for molecular formula)

30 g

                            Molecular formula = C2H8N2
Determining the Molecular formula from % composition and molar mass:

· Determine the empirical formula mass and plug into the equation

Molecular formula subscripts =   molecular formula molar mass




empirical formula molar mass



ex. What is the molecular formula of a compound that is 58.8% K, 8.7% C and 

     34.7 % O and has a molar mass of 102g/mol?
58.8% K = 58.8 g K

8.7% C = 8.7 g C

          34.7 % O = 34.7 g O

58.8 g K     1 mol K      = 1.50 mol K/ .725 = 2.07 mol K


                39.09 g K



8.7 g C   1 mol C      = .725 mol C/.725 = 1 mol C

  12 g C

34.7 g O  1 mol O  = 2.17 mol O/.725 = 2.99 mol O

      16 g O

Empirical formula = K2CO3
 102 g  = .7 = 1 (subscript for molecular formula)

138.2g


Molecular formula = K2CO3
Important Conversion Factors

6.02 x 10 23 representative particles              or                              1 mole



  1 mole                                                    6.02 x 10 23 representative particles

 mass (g)         or            1 mole

   1 mole

  mass (g)

22.4 L           or               1 mole

1 mole                             22.4 L              
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Example 1: 	How many atoms in 3 moles of sulfur? (Given: 1 mole sulfur = 6.02 x 1023 S atoms)





Answer: 	� EMBED Equation.3  ���





Example 2: 	How many grams in 3 moles of sulfur? (Given: 1 mole sulfur = 32.00 g S)





Answer: 	� EMBED Equation.3  ���








Example 3: 	How many moles in 5.98 x 1025 S atoms? (Given: 1 mole S = 6.02 x 1023 S atoms)





Answer: 	� EMBED Equation.3  ���
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