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1.    Relative Atomic Masses

John Dalton was the first chemist to compile a list of relative atomic masses for atoms.  At that time no one could weigh individual atoms hence he did experiments which resulted in determining the “relative” masses of atoms.  Since hydrogen is the lightest element, he arbitrarily assigned the mass of a hydrogen atom to be 1 amu (atomic mass unit).  By reacting hydrogen with other elements he could determine their mass “relative” to hydrogen.

From his experiments Dalton found that an oxygen atom has a relative mass of 16 amu.  This means that an oxygen atom is 16 times as heavy as a hydrogen atom.  Since Dalton, we have used elements other than hydrogen as the standard.  Oxygen was once used and carbon is now the standard for comparison.  But in any event a value of 1 amu for hydrogen is still the origin of our present day tables of relative atomic masses.

2.    The Mole

Amadeos Avogadro had an inspiration that greatly simplified calculations in chemistry.  He reasoned that, if an atom of hydrogen weighed 1 amu and an atom of oxygen weighed 16 amu, by weighing out 1 gram of hydrogen and 16 grams of oxygen we would have an equal number of atoms.  In fact if we weighed out the relative atomic mass of any element in grams we would always have the same number of atoms.  He called that number of atoms a mole.
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The word mole is similar to other words in our language which stand for a particular count.  When you buy donuts you often ask for a dozen donuts.  Whether you buy a dozen chocolate donuts or a dozen glazed donuts or a dozen jelly donuts --- a dozen donuts is always the same number of donuts.

Likewise one mole of oxygen atoms or one mole of carbon atoms or one mole of hydrogen atoms is always the same number of atoms.  Avogadro was not able to determine how many atoms were in a mole.  But that didn’t matter.  All that mattered was that a mole of any kind of atom was the same number of atoms.

Today we are able to do experiments to allow us to count atoms.  We now know that one mole of atoms equals 6.022x1023 atoms.





	dozen
	12

	gross
	144

	pair
	2

	score
	20

	mole
	6.022 x 1023


1 mole of oxygen atoms  =  6.022 x 1023 oxygen atoms
1 mole of hydrogen atoms  =  6.022 x 1023 hydrogen atoms

1 mole of donuts  =  6.022 x 1023 donuts

1 mole of pencils  =  6.022 x 1023 pencils

Avogadro’s number is official defined as 6.022x1023 particles in one mole.  The type of particle is determined by what the substances is.  If the substance is an element the particle is an atom.  If the substance is a covalent compound the particle is a molecule.  If the substance is an ionic compound the particle is a formula unit.    

1 mole of magnesium = 6.022 x 1023 magnesium atoms
1 mole of NaCl = 6.022 x 1023 NaCl formula units
1 mole of CO2 = 6.022 x 1023 CO2 molecules
3.    Molar Mass
We have already learned that the mass of one mole of any kind of atom can be determined by looking up that element on a list of relative atomic masses and expressing that mass in grams.


1 mole Cu  =  63.55 grams Cu

This same concept may be applied to molecules.  Just add up the masses of the atoms to get the mass of one mole of a particular kind of molecule.  Look over the following examples to see how to determine the “molar mass” of any molecule.

Sample Problem 1     Calculate the molar mass of K2Cr2O7.
Solution





     relative

  number



                element

 atomic mass

 of atoms
  
total



                   K

        39.10                  x                 2                  =           78.20
                               Cr                             52.00                  x                 2                  =            104.00
                               O                              16.00                  x                 7                  =            112.00

                                                                                              1 mole K2Cr2O7        =  294.20 grams K2Cr2O7
The molar mass of K2Cr2O7 is 294.20 g/mole.

Sample Problem 2     Earlier we discussed that one mole of oxygen atoms has a mass of 16.0 grams.  But oxygen normally exists as O2 molecules.  Calculate the molar mass of O2.
Solution

                               O                              16.00                  x                 2                  =             32.00

                                                                                                       1 mole O2          =             32.00 grams O2
The molar mass of O2 is 32.00 g/mole.

Sample Problem 3     Calculate the molar mass of Ca(NO3)2.
Solution

                               Ca                              40.08                   x                 1                  =            40.08
                               N2                              14.01                   x                 2                  =            28.02
                               O6                              16.00                   x                 6                  =            96.00

                                                                                              1 mole Ca(NO3)2      =  164.10 grams Ca(NO3)2
The molar mass of Ca(NO3)2 is 164.10 g/mole.

Using Moles in Calculations
You will remember how we set up problems using dimensional analysis.  As a brief review recall that …

          The equivalency:

                    1 foot   =   12 inches                              
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or

12inches1foot


               can be expressed as a fraction …
To solve a problem we choose the appropriate fraction to cancel unwanted units and convert to the desired unit.

Sample Problem 4     Find the number of feet in 45.7 inches.
Solution



We are now ready to apply dimensional analysis

to doing calculations involving the mole.
In this chapter we have learned two new equivalencies; Avogadro’s Number and Molar Mass.  Each can be expressed in fraction form(conversion factor) to solve chemistry problems via dimensional analysis.

Avogadro’s Number as a conversion factor:

                                                 6.022x1023 particles   or                 1 mole_____ 

   



            1 mole  
         6.022x1023 particles

Molar Mass as a conversion factor:


                                              X grams of compound   or                 1 mole_______
    



            1 mole
                       X grams of compound 
Sample Problem 5       How many moles are in 3.21 x 1014 sodium chloride formula units?
Solution

step 1     Place the given information at the left and the unit of the answer at the right.


step 2     Multiply by the “Avogadro’s Number” of NaCl to cancel “formula units” and convert to “moles”.





    1 mole




6.022x1023 formula units

Sample Problem 6       How many atoms are in 4.7 moles of P?
Solution

step 1     Place the given information at the left and the unit of the answer at the right.


step 2     Multiply by the “Avogadro’s Number” of P to cancel “moles” and convert to “atoms”.





  6.022x1023 atoms




     1 mole

Sample Problem 7       What is the mass of 0.827 moles of H2O?
Solution

step 1     Place the given information at the left and the unit of the answer at the right.


step 2     Multiply by the “Molar Mass” of H2O to cancel “moles” and convert to “grams”.





18.02 grams H20
 



       1 mole

Sample Problem 8     How many moles of sodium hydroxide, NaOH, are there in 450 g of the compound?

Solution
a.   Calculate the molar mass of NaOH:    1 mole NaOH  =  40.0g NaOH

b.   Cancel grams and obtain moles:



Problems
A.   Calculate the molar mass of each of the following:

1. KOH

2. CoCl3
3. Br2
4. Ca(NO3)2
5. 
P2O5
6. Nitrogen monoxide

7. Ammonium sulfate
8. Potassium dichromate
9. 
Iron (III) oxide

10. Carbon tetrachloride

B.   Calculate the number of moles in each of the following:  

11. 5.66x1023 Xe atoms
12. 1.974x1014 NaCl form unit

13. 7.51x1024 molecules C6H6
14. 3.6x1023 molecules O2
15. 3.01x1023 molecules sulfur dioxide
16. 2.888x1015 form unit silver nitrate
17. 7.95x1024 form unit copper(II) chloride
18. 6.93x1023 thallium atoms
19. 3.01x1023 molecules H2O
20. 2.50x1025 form units magnesium oxide

C.  Calculate the number of particles in the each of the following:

21. 2.5 moles SO2
22. 4.224 moles C2H4O2
23. 4.3 moles W
24. 2.45x10-6 moles NiSe
25. 1.45 moles arsenic
26. 5.9 mole sodium hydroxide
27. 0.923 mole selenium tetrabromide
28. 3.12 mole magnesium chloride
29. 4.5 moles C6H12O6
30. 2.66 moles silicon dioxide

D.   Calculate the mass of each of the following:

31. 2.8 moles of KCl
32. 0.80 mole of K2CrO4
33. 0.035 mole of CrCl3
34. 15 moles of NO2
35. 
6.3 moles of Cl2
36. 0.27 mole of silver nitrate
37. 6.0 moles of silicon dioxide
38. 0.061 mole of lead (II) chloride
39. 
0.23 mole gold

40. 1.4 moles of magnesium sulfate

E.   Calculate the number of moles in each of the following:

41. 7.00 g of N2
42. 264g of NaOH
43. 71.0g of Cl2
44. 36.0g of H2O

45. 
2.70g of Be

46. 4.90g of KI
47. 870g of PbCrO4
48. 1360g of Sr(NO3)2
49. 0.43g of Al2(SO4)3
50. 8.26g of CsF

Answers to Problems
A.   Find the molar mass

1. 56.1 g/mole

2. 16 .4 g/mole

3. 159.8 g/mole

4. 164.1 g/mole
5. 
142.0 g/mole

6. 30.0 g/mole

7. 132.1 g/mole

8. 294.2 g/mole
9. 
159.6 g/mole

10. 154.0 g/mole
B.  Find the number of moles
11. 0.940 mole
12. 3.278x10-10 mole
13. 12.5 moles
14. 0.60 mole
15. 0.500 moles
16. 4.796x10-9 mole
17. 13.2 moles
18. 1.15 moles
19. 0.500 mole
20. 41.5 moles

C.   Find the number of particles

21. 1.5x1024 molecules
22. 2.544x1024 molecules
23. 2.6x1024 atoms
24. 1.48x1018 form units
25. 8.73x106 atoms
26. 3.6x1024 form units
27. 5.56x1023 molecules
28. 1.88x1024 form units
29. 2.7x1024 molecules
30. 1.60x1024 molecules

D.   Find the number of grams

31. 210g
32. 155g
33. 5.54g
34. 690g

35. 
450g

36. 45.9g
37. 360g
38. 17.0g

39. 
45g

40. 170g

E.   Find the number of moles

41. .250 mole
42. 6.60 mole
43. 1.00 mole
44. 2.00 mole

45. 0.300 mole

46.  0.0295 mole

47. 2.7 mole

48. 6.43 mole

49. 
0.0013 mole
50. 0.0544 mole
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