Unit #2
Quantitaties in Chemical Reactions
Time: 12.5 hrs

The Mole Concept and Chemical Equations

· Avogadro’s number, mole concept, relationship between the mole and molar mass

· Explain the relationship between isotopic abundance and relative atomic mass

· State quantitative relationships expressed in a chemical equation (ex. In moles, grams, atoms, ions or molecules)

· Use appropriate scientific vocabulary such as stoichiometry, percentage yield, limiting reagent, mole, atomic mass

· Solve problems involving quantity in moles, number of particles and mass

· Give examples of the application of chemical quantities and calculations (ex. In cooking recipes, in industrial reactions, in prescription drug dosages)

· Calculate for any given reactant or product in a chemical equation, the corresponding mass or quantity in moles or molecules of any other reactant or product

· Solve problems involving percent yield and limiting reagents

· Compare using laboratory results the theoretical yield of a reaction (ex. Steel wool and CuSO4)  to the actual yield, calculate % yield and suggest sources of experimental error.

Time:  6.0 hrs


Definite Proportions

· distinguish between empirical and molecular formula and relative atomic mass

· explain the Law of Definite Proportions

· determine % composition of a compound through experimentation as well as through analysis of the formula and a table of relative atomic masses (ex. Composition of a hydrate)

· solve problems involving quantity in moles, number of particles and mass

· explain how different stoichiometric combinations of elements in compounds can produce substances with different properties (ex. Water and hydrogen peroxide, carbon monoxide and carbon dioxide)

Time : 1 hr

End Of Unit Task

· demonstrate understanding of ‘Mole Concept” 

· carry out experiment and complete calculations on quantitative relationships in chemical reactions 

· demonstrate an awareness of the importance of quantitative chemical relationships in the home or in industry

Activity #1

Lab Activity: Moles of Common Substances

Activity #2

Lab activity to verify mole ratio in a chemical reaction




Lab: predict theoretical yield and actual yield

Activity #3

Lad:  Thermal Decomposition of sodium carbonate to




Illustrate the concept of % composition




Law of Multiple Proportions

Activity #4

Lab:  Formula of a compound (ex hydrate)

Unit #2 Chemical Quantities

Chapter 5



Relative Atomic Mass and Isotopic Abundance

Review:
mass of an atom is expressed in atomic mass units. (amu)

Atomic mass units are a relative measure, defined by the mass of carbon-12 .

Because all atoms in a given element do not have the same number of neutrons, they do not have the same mass.  That is why the periodic table does not represent atomic masses as whole numbers.

Example:

Magnesium has 3 naturally occurring isotopes.





Isotopic abundance

Mg-24



79%

Mg-25



10%

Mg-26



11%_____________________


Average Atomic Mass is 24.31 amu

Isotopic Abundance: the percentage of an isotope in a sample of an element.

Average atomic mass of an element is the average of the masses, of all the element’s isotopes.  It takes into account the abundance of each isotope within the element

Calculating Average Atomic Mass

Examine page 167 #1 ,2

Solution:


Element


Relative Abundance

1.
B-10


19.78%


B-11


80.22%


Average atomic = 10.01(.1978)  +  11.01(.8022)



Mass






=  10.81 amu

2.

Element
  Mass
Relative Abundance



Si-28
27.98 u


92.23%



Si-29
28.97 u


4.67%



Si-30
29.97u


3.10%

Amu = 27.98(.9223)  +  28.97(.0467)  +  29.97(.031)


=  28.09 amu

Hwk questions : p.168 # 3,4

Calculating Isotopic Abundance

Do questions page 170 # 5-8

#5.

Element

Mass
Relative Abundance



H-1


1.0078 u

x



H-2


2.0140 u

y

Hydrogens average atomic mass = 1.01 amu

1.01 = 1.0078 (x)  +  2.0140(y)

But relative abundances must add up to 100% or 1.

· x + y = 1

or
y = 1-x

· 1.01 = 1.0078(x)  +  2.0140(1 – x)

1.01 = 1.0078x   +  2.0140  -  2.0140x

1.0062x  =  1.004



  x  =   .9978

Since:
 x = .9978



y = 1 - .9978



y = .0022

The abundance of Hydrogen-1 is 99.78% and for Hydrogen-2 is .22%.

Answers : #6.
Lanthanum’s average atomic mass is 138.91 u.  Therefore La-139 occurs in a higher relative abundance.

#7.
Relative abundance of Rb-85 is 72 %


Relative Abundance of Rb-87 is 28%

Avogadro’s Constant and the MOLE

Section 5.2

Read:
The Green Pea Analogy



How Big is a MOLE.

Examine samples of substances representing 1 mole.

Practice Problems: p.174 # 9, 10, 11, 12

A dozen is a convenient number referring to items such as eggs or doughnuts.  The number used by chemists to define numbers of entities as small as atoms is the mole (SI symbol, mol)

The “mole” is the amount of substance containing 6.02 x 1023 of anything.

1 mol = 6.02 x 1023 entities/mol

Avogadro’s Constant (NA)= 6.02 x 1023entities/mol

Named after the Italian physicist Amedeo Avogadro (1776- 1856).

Example:

*
One mole of sodium atoms is 6.02 x 1023 sodium atoms

· one mole of chlorine molecules is 6.02 x 1023 chlorine molecules

· one mole of sodium chloride is 6.02 x 1023 formula units of NaCl

· one mole of elephants is 6.02 x 1023 elephants

Converting Moles to Number of Particles


Number
 ------x-NA------------( number of


Of moles



  particles (atoms,








molecules, formula








units)

Do Practice problems page 177 # 13- 18

Do Practice Problems page 178 # 19- 22

Hwk p. 179 # 1 - 10

Molar Mass

Section 5.3

Molar mass: is the mass of one mole of any element, expressed in grams (symbol ‘M’).  Molar mass is expressed in in g/mol or g mol –1 .

Determining the Molar Mass of Compounds

Example:
What is the molar mass of ammonium phosphate (NH4)3PO4 ?  


M (NH4)3PO4 
= 3(N + 4H) + P + 4O





= 3N + 12H + P + 4O





= (3 x 14.01) + (12 x 1.01) + 

(1 x 30.97) + (4 x 16.00)

=  149.12 g/mol

Do Practice Problems page 184 # 23, 24, 25, 26

Counting Particles Using Mass
Using the mole concept and the periodic table:


Consider carbon dioxide   (CO2 )


1 mole CO2 = 44.0 g = 6.02 x 1023 molecules

Example:

Find the number of molecules in 22.0 g of carbon dioxide?

Answer:

# molecules = 22.0 g  x  mol      x  NA molecules





   44.0 g

          mol




= 3.01 x 1023 molecules
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Figure 5.12. Tho molar mass relales the amount of an lement or a
‘compound, in moles, o ts mass. Similary. the Avogadro constant
rolates the number of partiles to the molar amount.





Converting from Moles to Mass and Mass to Moles
Mass = Number of moles x Molar Mass


m = n x M


Number of moles =        Mass     







Molar mass





n =   m 




        M

Moles (mol) -----------------(    mass (g)




(---------------

Ex)
Do Practice Problems p. 186 # 27 – 30


Do Practice Problems p. 187 # 31 – 34
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Figure 5.13. Use this triangle for problems involving number of
‘moles, mass of sample, and molar mass. For what other scientific
relationships might you use a tiangle ke this?
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Putting It All Together!
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Figure 5.13. Use this triangle for problems involving number of
‘moles, mass of sample, and molar mass. For what other scientific
relationships might you use a tiangle ke this?
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