SC2. Students will relate how the Law of Conservation of Matter is used to determine chemical composition in compounds and chemical reactions.

a. Apply concepts of the mole and Avogadro’s number to conceptualize and calculate

• Empirical/molecular formulas,


EMPIRICAL FORMULA


The simplest whole number ratio of elements in a compound is called the EMPIRICAL FORMULA.  In contrast, the molecular formula of a compound is the actual number of atoms of each element in the compound.


It can be calculated from the mole ratio or from percentage composition data.

Mole Ratio Example:


What is the empirical formula for a compound if a 2.50 g sample contains 0.900 g of calcium and 1.60 g of chlorine?

Step One:


Determine the number of moles of Ca and Cl.  (You must first determine the atomic mass of each.)


Ca

0.900g Ca     1 mole Ca   =   0.0225 mol





       40.08g Ca


Cl

1.60g Cl     1 mole Cl    =   0.0451 mol





    35.45g Cl

Step Two:


To obtain the smallest ratio, divide both numbers of moles by the smaller number of moles (0.0224 mol).

Ca    0.0225 mol = 1.00

Cl  0.0451 mol  = 2.00

         0.0225 mol
          

     0.0225 mol

Step Three:


Look at the ratio of the two numbers.  Round off to whole numbers (there are exceptions to this).


Ca

1.00
becomes
Ca
1

The empirical formula is CaCl2

Cl

2.00
becomes
Cl
2
PRACTICE:

A.  Find the empirical formula of the compound with 63.0g Rb and 5.90g O. 

Percent Composition Example:
A compound has a percentage composition of 40.0% C, 6.71% H and 53.3% O.  What is the empirical formula?

Assume that there is 100 g (from 100%).  In a 100g sample, there would be 40.0g C, 6.71g H, and 53.3g O.  Then change the quantities to moles.

Step One:

C

40.0 g C
   1 mole C  =  3.33 mol C




   12.01g C

H

6.71 g H
   1 mole H  =  6.64 mol H




   1.01g H

O

53.3 g O    1 mole O  =  3.33 mol O




   16.00g O 

Step Two:


To obtain the smallest ratio, divide both numbers of moles by the smaller number of moles (3.33 mol).

C     3.33 mol = 1.00

H  6.64 mol  = 1.99

O     3.33 mol = 1.00
         3.33 mol
          

     3.33 mol


        3.33 mol

Step Three:


Look at the ratio of the two numbers.  Round off to whole numbers.

C

1.00
becomes
C
1

The empirical formula is CH2O

H

1.99
becomesH
2
O

1.00
becomes
O
1
PRACTICE:

A.  What is the empirical formula for a compound that has 32.8% Cr and 67.2% Cl?

What happens when the mole ratios are not whole numbers?

B. What is the empirical formula of a compound that contains 53.73% Fe and 46.27% S?
MOLECULAR FORMULA


If you know the empirical formula of a substance and its molecular weight, you can determine its molecular formula.

EXAMPLE


The empirical formula of a substance is CH2O.  The mass of the molecule is 180.0 amu.  What is the molecular formula?

Step One:

Calculate the empirical mass for the empirical formula (CH2O) from the periodic table.


C
1 x 12.01 = 12.01

H
2 x   1.01 =   2.02

O
1 x 16.00 = 16.00


     30.03 amu   

Step Two:

Divide the molecular mass by the empirical mass.
180.0 amu   =  6.000






30.03 amu

Step Three:

Multiply the empirical formula by the number in step two to get the molecular formula.

6 x CH2O  (  C6H12O6

So C6H12O6 is the molecular formula.

PRACTICE:

What is the molecular formula of a compound whose empirical formula is P2O3?  The molecular mass of this compound is 220 g.

HYDRATES

· A crystalline compound in which its ions are attached to one or more water molecules.  
· Hydrates are solids with water molecules trapped in them.  
· Used in the desiccation of substances and to store energy in solar cells.  
· Usually have a specific ratio of water to the compound and are considered one single molecule.

· The formula is written as:








(the number of waters)

XY   (   XH2O

     
          

    (the formula)  

CuSO4 ( 5H2O

copper (II) sulfate pentahydrate

Use the same prefixes as with covalent compounds:


mono – 1
tetra - 4
hepta -7
deca - 10


di - 2
penta – 5
octa - 8



tri - 3
hexa – 6
nona -9


Practice Naming

Na3PO4 ( 2H2O  




Ba(OH)2 ( 8H2O

SrCl2 ( 6H2O

ANALYZING A HYDRATE


In order to analyze, you must drive off the water.  This is usually done by heating the compound.  The compound that is left is “anhydrous” – without water.  The compound usually changes color.

DETERMINING THE FORMULA

It is a lot like calculating the empirical formula only you are not using single elements.  You are using water and the compound.  Follow these steps:

1.  Find the individual masses

Original mass   –    anhydrous mass       =      water mass

Example:


         5.00g      –        4.26g    
=     0.74g

2. Find the empirical formula


4.26g BaCl2     1 mol BaCl2       =    0.0205mol BaCl2

          208.23g BaCl2

0.74g H2O       1 mol H2O         =   0.041mol H2O


         18.02g H2O

BaCl2

0.0205mol = 1.00

H2O   
0.041mol  =  2.0



0.0205mol

   
0.0250mol


BaCl2 ( 2H2O

Practice:


Determine the formula of a hydrate with 48.8% MgSO4 and 51.2% H2O

SC2. Students will relate how the Law of Conservation of Matter is used to determine chemical composition in compounds and chemical reactions.

d. 
Identify and solve different types of stoichiometry problems, specifically relating mass to moles and mass to mass. 
e. 
Demonstrate the conceptual principle of limiting reactants. 

STOICHIOMETRY


This is the part of chemistry that deals with the amount of substances involved in chemical reactions (reactants and products).  Costs for consumer products are kept low because stoichiometric calculations allow scientists to increase efficiency.

DEMO:
0.01M KMnO4  and 0.01M NaHSO3
1. What is the evidence of a chemical reaction?

2. If I continue to add NaHSO3, what will happen?

Chemical reactions stop when one of the reactants is used up.  You need to know how many grams of KMnO4 will react with a known mass of NaHSO3.  This is why we have stoichiometry.  Stoichiometry is the study of quantitative relationships between amounts of reactants used and the products formed by a chemical reactions.

Look at the following equation – you can talk about it in three different ways:



4Al(s)  +  3O2 (g)  (  2Al2O3 (s)
1.  Particles:  4 atoms of Al react with 3 molecules of oxygen gas to form 2 formula units of aluminum oxide.

2.  Moles:  4 moles of Al react with 3 moles of oxygen gas to form 2 moles of aluminum oxide.

3.  Mass:  107.92g Al  +  96.00g O2  (  203.92g Al2O3
Thanks to the law of Conservation of mass, we know that mass must be conserved:


203.9g Al and O2 ( 203.92g Al2O3
MOLE RATIOS


The mole ratio is the ratio between the numbers of moles of any two substances in a balanced chemical equation.  These define all the mole relationships in the chemical equation.
4Al(s)  +  3O2 (g)  (  2Al2O3 (s)

4 moles of Al react with 3 moles of oxygen gas to form 2 moles of aluminum oxide.

Possible ratios are:
4 mol Al

3 mol O2
  4 mol Al
   2 mol Al2O3



3 mol O2
4 mol Al

2 mol Al2O3
     4 mol Al






  3 mol O2
2 mol Al2O3





2 mol Al2O3
    3 mol O2
Practice:

Find all the possible mole ratios for the following chemical reaction:

ZnO  +  2HCl  (  ZnCl2  +  H2O

USING STOICHIOMETRY

All stoichiometric calculations must start with a balanced equation.  You can convert mole-mole, mole-mass, mass-mole, and mass-mass.


Steps to follow:

1. Write down what you know and what you need to find out.

2. Write the balanced chemical equation.

3. Determine the number of moles of the given substance.  You may have to convert it from grams to moles.

4. Determine the mole ratio between what is known and what is unknown.

5. Convert the unknown moles to grams if needed.

MOLE – MOLE CONVERSIONS

EXAMPLE:
How many moles of H2 are produced when 0.0400mol of Na is reacted with water?

Step One:
?moles H2

from

0.0400mol Na

Step Two:
2Na(s)  +  2H2O(l)  (  2NaOH (aq)  +  H2 (g)
Step Three: 
You already know the moles of the given:
0.0400 mol Na

Step Four: 
Determine mole ratio
1 mol H2 : 2 mol Na


SOLVE:
0.0400mol Na           1 mol H2     =         0.0200 mol H2




     2 mol Na

PRACTICE:
Aluminum hydroxide is taken to settle upset stomachs.  How many moles of stomach acid are neutralized if a tablet of aluminum hydroxide contains 0.200 moles?

STEP ONE:

STEP TWO:


STEP THREE:
STEP FOUR:

SOLVE:

MOLE – MASS (or MASS– MOLE) CONVERSIONS

Practice:
Lithium hydroxide is used aboard spacecraft to remove carbon dioxide from the air.  What is the mass of carbon dioxide removed from the craft if the space vehicle carried 42.0 mol LiOH?
STEP ONE:

STEP TWO:


STEP THREE:
STEP FOUR:

SOLVE:

MASS – MASS CONVERSIONS

Example:
How much silver chloride, AgCl is produced from 17.0 g silver nitrate, AgNO3 with an excess of sodium chloride, NaCl?

Step One:  
?g silver chloride

from

17.0g AgNO3​
Step Two:
NaCl   + AgNO3   (   AgCl   +   NaNO3
Step Three:
17.0 g AgNO3    
 1 mole AgNO3



    
169.55 g AgNO3

Step Four:
      17.0 g AgNO3         1 mole AgNO3        1 mole AgCl


   

         169.88 g AgNO3     1 mole AgNO3
Step Five/SOLVE:
Express the moles of the required substance in grams (convert moles to grams).


17.0 g AgNO3           1 mole AgNO3        1 mole AgCl          143.32g AgCl    =     14.370038  =  14.4 g AgCl



    169.55 g AgNO3      1 mole AgNO3        1 mole AgCl

PRACTICE:
How many grams of Cu2S can be produced from 9.90 g CuCl and excess H2S?

STEP ONE:

STEP TWO:


STEP THREE:
STEP FOUR:

STEP FIVE/SOLVE:

LIMITING REACTANTS

Rarely are reactants in a chemical reaction present in the EXACT ratios specified by the balanced equation.  Usually one or more are in excess while one is limited.  The substance that is completely consumed (used up) in a reaction is the limiting reactant.  The reaction cannot continue without more of it.  Excess reactants are the reactants that are left over, in excess.

Remember the DEMO?  

1. What happens if I continue to add NaHSO3 after the solution turns colorless?

2.  What is the limiting reactant?

Example:
Recipe for Chocolate Chip Cookies – yields 4 dozen cookies

2.25 C flour
1 C butter
2 eggs

1t salt
1 C sugar
2 t vanilla

1t baking soda
0.5 C brown sugar
3 oz. chocolate chips

If you have the below amounts, what is the limiting reactant? _____________________________

10 C flour
4 C butter
12 eggs

4t salt
4 C sugar
8 t vanilla

4t baking soda
4 C brown sugar
10 oz. chocolate chips

How many cookies could you make with the above amounts?
___________________________

HOW TO DETERMINE THE LIMITING REACTANT

Treat these problems as mass to mass problems and then compare the answers to determine the limiting reactant.  The limiting reactant will be the one that converted to the lesser amount.

Example:  How many grams of CO2 are formed if 10.0 grams of C are burned in 20.0 g of O2.

C    +    O2     (     CO2
1 mole C  +  1 mole O2  (  1 mole CO2
Do the math just like you did with the mass to mass problems.  Only this time you are doing two.  One for 10.0 g of carbon and one for 20.0 g of O2.

10.0 g C     1 mole C
  1 mole CO2      44.01 g CO2
 =  36.6g CO2

    12.01 g C           1 mole C          1 mole CO2

20.0 g O2        1 mole O2         1 mole CO2      44.01 g CO2     =  27.50625  =  27.5g CO2

         32.00g O2         1 mole O2        1 mole CO2
10.0 g C    forms    36.6 g CO2
AND
20.0 g O2  forms    27.5 g CO2

Carbon forms more product and is left over.  
So, oxygen is the limiting reactant and 27.5 g CO2 is produced

PRACTICE:  Nickel reacts with hydrochloric acid to produce nickel (II) chloride and hydrogen gas.  If 5.00g nickel and 2.50g hydrochloric acid react, determine the limiting reactant and the mass of nickel (II) chloride produced.
STEP ONE:

STEP TWO:


STEP THREE/FOUR/FIVE:
Limiting reactant?  ____________________


Mass of NiCl2 produced? _________________________
Mass of Excess?  __________________________

PERCENT YIELD

We can calculate theoretical amounts of chemicals produced in a chemical reaction by doing limiting reactant problems.  In reality, the actual experimental amounts yielded in the laboratory are much less due to human error or other factors.  Chemists want to compare the theoretical yield to the actual yield to see how efficient they are.

Percentage Yield  =  actual amt of product  x 100








theoretical amt

Theoretical amt – maximum amount of product that can be produced from a given amount of reactant.

Actual amt – amount of product actually produced when the chemical reaction is carried out.

Example:


In the reaction of 1.75 g of salicylic acid, C7H6O3 and methanol, CH3OH, 1.42 g of oil of wintergreen, C8H8O3, and water, H2O, are actually produced.  Theoretically, it should produce 1.93g of oil of wintergreen.  What is the percentage yield?




Actual    x   100  =  1.42 g C8H8O3     x     100     =   73.6%




Theo.                       1.93 g C8H8O3
Practice:  
Gold is extracted from gold bearing rock by adding sodium cyanide in the presence of oxygen and water, according to the reaction: 

4Au(s)  +  8NaCN(aq)  +  O2(g)  +  H2O(l)  (  4NaAu(CN)2(aq)  +  NaOH(aq)
Determine the percent yield of NaAu(CN)2 if 38.790g NaAu(CN)2 is produced and the theoretical yield is 41.3g.
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