Chemistry 11

Unit II

Problem Set 2.4: Mass, Moles and Molar Mass
By using Avogadro’s hypothesis based on Gay-Lussac’s experimentation (and with the help of a mass spectrometer), we can find out how many times heavier one element is than another.  Even without knowing the mass of one atom, we can create a relative mass scale, with the lightest atom set to a value of 1.

The values listed on the periodic table are relative masses.  They are the number of times lighter or heavier than carbon-12 is when carbon-12 is set to 12.00000.  

12.00000 grams of carbon contains 1 mole of carbon atoms.  The mole is a convenient number because it allows us to use grams (an easily measured quantity) to compare the masses of different atoms, elements or compounds.

The molar mass of a substance is defined as the mass of a substance that contains the same number of particles as 12.00000 grams of Carbon-12.  So, if you have a sample of carbon-12 which is exactly 12.00000 grams, a sample of hydrogen which has a mass of 1.0079 grams will contain the same number of atoms (1 mole of them).

The units for molar mass are grams/mole (g/mol).  Since 12.00000 grams of carbon is one mole, the molar mass of carbon-12 is 
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12.00000g 
   12.00000 g/mol



1.000000 mole

(The value listed on the periodic table, 12.011, is an average of all of the isotopes of carbon, carbon-12, carbon-13 and carbon-14)

Example1:
How many moles of carbon atoms are found in 6.0 grams of carbon?

Solution:
we know that the molar mass is equal to the number of grams divided by the number of moles.  The molar mass of carbon from the periodic table is 12.011 g/mol
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12.011 g/mol = (6.0 grams)/(x moles)








(x moles)       = (6.0 grams)/(12.011 grams/mol)









x      = 0.50 moles

Example 2:
What is the molar mass of a substance for which 1.143 moles has a mass of 45.67 grams?
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x g/mol
=
(45.67 grams)/(1.143 moles)


x g/mol
=
39.96 g/mol

For these problems you can also use the ratio method:
45.67 grams is to 1.143 moles as x is to 1.00 moles.



45.67 = 1.143

x = 39.96 g/mol



  x
1.00

Questions for Understanding
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2.15.
How many moles are there in 8.91 g of a substance which has a molar mass of 23.1 g/mol?

2.16.
What is the mass of 3.4 moles of Aluminum?

2.17.
What is the mass of 0.045 moles of phosphorous?

2.18.
How many moles of helium atoms will you have if you have 5.678 g of helium?

2.19.
How many moles of oxygen gas (careful) particles will you have if you have 32 grams of oxygen gas?

2.20.
How many grams of krypton would you need to have the same number of particles as 150 g of carbon?

2.21.
A particle of an unknown substance is 1.15 times heavier than an atom of bromine.  What is the molar mass of the substance?

2.22.
What is the mass of 3.45 moles of a substance for which  4.67x10-3 moles has a mass of 0.230 grams?

2.23.
How many moles are present in an 88 gram sample of a substance in which 2.6 moles have a mass of 114.4 grams?

2.24*.
How many moles are there in 56.8 grams of water (H2O)?

2.25*.
The density of gold is 19.3 grams/mL.  What is the volume of 1.0 moles of gold?

2.26*.
What would the volume of 1.0 moles of peas be? (suppose a pea is 1.0 mL)
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