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The Mole Concept
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.

Problems   Use a table of relative atomic masses at the end of this chapter to answer the following questions.
1.   What is the relative atomic mass of a carbon atom?  What does this number mean?

2.   What is the relative atomic mass of a magnesium atom?  What does this number mean?

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 6.02 x 1023 atoms.





	dozen
	12

	gross
	144

	pair
	2

	score
	20

	mole
	6.02 x 1023



1 mole of oxygen atoms  =  6.02 x 1023 oxygen atoms


1 mole of hydrogen atoms  =  6.02 x 1023 hydrogen atoms

1 mole of donuts  =  6.02 x 1023 donuts

1 mole of pencils  =  6.02 x 1023 pencils

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  =  63.5 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 H2O.
Solution     H2O is the formula for water.  It represents the fact that a water molecule contains 2 hydrogen atoms and 1 oxygen atom.  We make a chart to add up the mass of one mole of water by rewriting the formula vertically as follows:




     relative

  number



                element

atomic masses

 of atoms
  
total



                   H2

         1.0                  x                 2                  =               2.0

                               O                              16.0                  x                 1                  =             16.0


                                                                                                   1 mole H2O          =             18.0 grams H2O

The molar mass of H2O is 18.0 g/mole.
Notice that …since the calculation of molar mass is an addition process and our tables express molar masses to a tenth, all the values for molar mass in this book will be expressed to the nearest tenth.


Sample Problem 2     Calculate the molar mass of K2Cr2O7.
Solution





     relative

  number



                element

 atomic mass

 of atoms
  
total



                   K2

        39.1                  x                 2                  =              78.2

                               Cr2                             52.0                  x                 2                  =            104.0

                               O7                              16.0                  x                 7                  =            112.0


                                                                                              1 mole K2Cr2O7          =           294.2 grams K2Cr2O7
The molar mass of K2Cr2O7 is 294.2 g/mole.
Sample Problem 3     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

                               O2                              16.0                  x                 2                  =             32.0


                                                                                                       1 mole O2          =             32.0 grams O2
The molar mass of O2 is 32.0 g/mole.
Sample Problem 4     Calculate the molar mass of Ca(NO3)2.
Solution

                               Ca                              40.1                   x                 1                  =            40.1

                               N2                              14.0                   x                 2                  =            28.0

                               O6                              16.0                   x                 6                  =            96.0


                                                                                              1 mole Ca(NO3)2        =           164.1 grams Ca(NO3)2
The molar mass of Ca(NO3)2 is 164.1 g/mole.
Problems
Use the table of relative atomic masses to determine the molar mass of each of the following.  Show each of your calculations like in the sample problems.

3.    Fe

4.    NaOH

5.    N2
6.    H2SO4
7.    P2O5
8.    Cl2



 9.   Na

10.  K3PO4
11.  S8
12.  Be(NO3)2
13.  Fe2O3
14.  (NH4)2SO4



15.  CoCl3
16.  Mg(OH)2
17.  Al2(SO4)3
18.  LiClO

19.  Al(SCN)3
20.   Na2C2O4
Using Moles in Calculations

You will remember from chapter 2 how we set up problems using dimensional analysis.  As a brief review recall that …

          The equivalency:

                    1 foot   =   12 inches                              
[image: image11.png]The Mole House

atoms
or
molecules





               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 5     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 three new equivalencies.  Each can be expressed in fraction form to solve chemistry problems via dimensional analysis.

Sample Problem 6     How many atoms are contained in 1.45 grams of Cu?
Solution
step 1     Place the given information at the left and the unit of the answer at the right.
                    1.45 grams


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


step 3     Multiply by “Avogadro’s Number” to cancel “moles” and convert to “atoms”.


Sample Problem 7       What is the mass of .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”.

The Mole House shown below summarizes the path through any problem.  Notice that the moles room is at the center and around it are the rooms labeled liters, molecules, and grams.  Thus to go from any outer room to another we always have to pass through the moles room.  The path through any problem is similar.

For instance ---


in sample problem 6:

in sample problem 7:

in sample problem 8:


grams to moles to liters
grams to moles to atoms
moles to grams

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:




Sample Problem 9     How many moles of copper, Cu, are there in 3.95g of the element?

Solution
a.   Calculate the molar mass of Cu:    1 mole Cu  =  63.5g Cu

b.   Cancel grams and obtain moles:




Sample Problem 10    How many atoms are contained in 6.0 grams of carbon?

Solution


Sample Problem 11    What is the mass of one molecule of carbon dioxide?

Solution



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

1.  KOH

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

6.    Mg

7.    NO

8.    K2SO4
9.    (NH4)2SO4
10.  K2Cr2O7

11.  Cu(NO3)2
12.  Iron (III) oxide

13.  sulfur

14.  carbon tetrachloride

15.  sodium dihydrogen phosphate

B.   Calculate the mass of each of the following:

1.   2.7 moles of KCl

2.   0.80 mole of K2CrO4
3.   0.035 mole of CrCl3
4.   15 moles of NO2
5.   6.3 moles of Cl2

6.    0.27 mole of AgNO3
7.    5.0 moles of SiO2
8.    0.061 mole of PbCl2
9.    0.23 mole Au

10.  1.4 moles of MgSO4

11.  3.7 moles of Ca(OH)2
12.  0.50 mole of lead (II) nitrate

13.  2.3 moles of carbon disulfide

14.  0.0049 mole of oxygen

15.  0.75 mole of dinitrogen oxide

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

1.   7.00 g of N2
2.   264g of NaOH

3.   71.0g of Cl2
4.   36.0g of H2O

5.   2.70g of Be


6.    4.90g of KI

7.    870g of PbCrO4
8.    1360g of Sr(NO3)2
9.    0.43g of Al2(SO4)3
10.  8.26g of CsF


11.  454g of MnO2
12.  275g of magnesium sulfate

13.  0.71g of iron (III) nitrate

14.  5.00g of hydrochloric acid

15.  113.5g of boron trifluoride

D.   Calculate the mass (in grams) of each of the following:

1.   1 atom of carbon

2.   3 atoms of oxygen

3.   1000 molecules of oxygen


4.   1023 molecules of water

5.   1 molecule of uranium hexafluoride

6.   10 molecules of carbon monoxide

E.   For each element calculate the number of atoms present.  For each compound calculate the number of molecules present.

1.   26g water

2.   2.6g iron

3.   1.2g sodium


4.   .0016g dinitrogen pentoxide

5.   .00018g neon

6.   2.3 x 104g sulfur trioxide

Answers to Problems
A.   Find the molar mass

1.   56.1 g/mol

2.   16 .4 g/mol

3.   159.8 g/mol

4.   164.1 g/mol

5.   142.0 g/mol


6.    24.3 g/mol

7.    30.0 g/mol

8.    174.3 g/mol

9.    132.1 g/mol

10.  294.2 g/mol


11.   187.5 g/mol

12.   159.6 g/mol

13.   256.8 g/mol

14.   154.0 g/mol

15.   120.0 g/mol

B.  Find the number of grams

1.   200g

2.   155g

3.   5.55g

4.   690g

5.   447g


6.    45.9g

7.    300g

8.    17.0g

9.    45g

10.  170g


11.   274g

12.   170g

13.   175g

14.   0.16g

15.   33g

C.   Find the number of moles

1.   .250 mole

2.   6.60 mole

3.   1.00 mole

4.   2.00 mole

5.   0.300 mole


6.    0.0295 mole

7.    2.69 mole

8.    6.43 mole

9.    0.0013 mole

10.  0.0544 mole


11.   5.22 mole

12.   2.28 mole

13.  0.00294 mole

14.  0.137 mole

15.  1.674 mole

D.

1.   2.0 x 10-23g

2.   8.0 x 10-23g


3.   5.3 x 10-20g

4.   3.0g


5.   5.9 x 10-22g

6.   4.7 x 10-22g

E.

1.   8.7 x 1023 molecules

2.   2.8 x 1022 atoms


3.   3.1 x 1022 atoms

4.   8.9 x 1018 molecules


5.   5.4 x 1018 atoms

6.   1.7 x 1026 molecules

Empirical Formulas
Sample Problem 2     An experiment determines that a sample of a compound contains 39.6 grams Na, 27.6 grams S,

                                      and 41.3 grams O.  What is the empirical formula?
Solution     Line up your calculations in the columns as shown below.  Convert the mass, (1) of each element using the molar mass, (2) to moles, (3).  To convert these numbers to integers, divide them all by the smallest, (4).  This gives the subscripts, (5) for the empirical formula.
(1)

mass

39.6g Na

27.6g S

41.3g O


(2)

molar mass


x                          =


x                          =


x                          =


(3)

moles

1.72

.860

2.58


(4)

divide by

the smallest

-   .860   =

-   .860   =

-   .860   =


(5)

subscripts

2

1

3







empirical formula     Na2SO3
Sample Problem 3     What is the empirical formula for a compound containing 50.0% C, 5.5% H, and 44.4% O?
Solution     When the elements present are expressed as a percent, assume the sample weigh exactly 100 grams.  The masses are then the same as the percents, only in grams.  Then proceed as in the last sample problem.  Columns (1) through (5) are the same as sample problem 2 above but this time the subscripts do not come out as integers.  To get integers we multiply all subscripts, (6) by some small whole number ( 1, 2, 3, 4 or 5).  In this problem multiplying by “2” gives us integer subscripts, (7).

(1)

mass

50.0 g C

5.5 g H

44.4 g O


(2)

molar mass


x                   =


x                   =


x                   =


(3)

moles

4.17

5.5

2.78


(4)

divide by

the smallest

-     2.78     =

-     2.78     =

-     2.78     =


(5)

sub.

1.50

2.0

1


(6)

multiply

by

x     2     =

x     2     =

x     2     =


(7)

sub.

3

4

2










empirical formula     C3H4O2
In order to decide what to multiply by in column 6 above, visualize the decimal part of the numbers in column 5 as their fraction equivalents.  Thus 1.50 is 1-1/2.  We multiply by 2 to “get rid of the fractions”.  The table on the following page summarizes the possibilities we might encounter.
	decimal/fraction


	.50 = 
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2


	.33 = 
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3


	.25 = 
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4


	.20 = 
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5



	multiply by:


	2
	3
	4
	5


The next sample problem illustrates the table above.

Sample Problem 4     What is the empirical formula of a compound containing 65.0% Cr and 35.0%O?
Solution

(1)

mass

65.0 g Cr

35.0 g O


(2)

molar mass


x                   =


x                   =


(3)

moles

1.25

2.19


(4)

divide by

the smallest

-     1.25     =

-     1.25     =


(5)

sub.

1

1.75


(6)

multiply

by

x     4     =

x     4     =


(7)

sub.

4

7

In column 6 we multiplied by 4 because the decimal equivalent of .75 is 3/4.  Multiplying by 4 “gets rid of the fractions” to give integer subscripts.








empirical formula     Cr4O7
Problems
15. A sample of a compound is found to contain 13.6 grams of calcium and 86.4 grams of iodine.  What is its empirical formula?

16. A compound is found to contain 26.8% lithium and 73.3% fluorine.  What is the compound’s empirical formula?

17. A carbon compound which used to be used in “dry cleaning” contains 7.8% carbon and 92.2% chlorine.  What is its empirical formula?

18. What is the empirical formula of a compound containing 56.3% aluminum and 43.7% nitrogen?

19. What is the empirical formula of a compound if a sample contains 72.4 g of iron and 27.6 grams of oxygen?

20. A sample of a compound was analyzed and found to contain 4.95 grams of Na, 6.9 grams of S, and 5.15 grams of O.  What is the empirical formula of this compound?

21. What is the empirical formula of a compound containing 42.07% Na, 18.91% P, and 39.02% O?

22. What is the empirical formula of a compound containing 46.2% C, 7.69% H, and 46.2% O?

23. A sample of an oxide of phosphorus contains .327 g P, and .423 g O.  What is the empirical formula?

24. What is the empirical formula of a compound containing 56.4% Mn and 43.6% S?

25. What is the empirical formula of a compound containing 54.5% C, 9.1% H, and 36.4% O?

26. What is the empirical formula of a compound containing 15.76% Al, 28.12% S, and 56.12% O?

4.     Molecular Formulas

The molecular formula of a compound gives us the actual number of each kind of atom in a molecule.  Some-times referred to as the true formula, it may be the same as the empirical formula or a multiple of the empirical formula.

The following table illustrates:

	compound
	empirical

formula
	molecular

formula
	molecular


empirical

	water

sodium peroxide

cyclohexane


	H2O

NaO

CH2
	H2O

Na2O2
C6H12
	same

twice

6 times


If you know the empirical formula and the molar mass you can determine the molecular formula as in the next sample problem.

Sample Problem 5     An oxide of chromium has an empirical formula of CrO3 and a molar mass of about

                                       210 grams/mole.  What is the molecular formula?
Solution
(1)  Add up the molar mass of the empirical formula.

(2)  See how many times the molar mass of the empirical formula goes into the actual molar mass.

(3)  Round off to the closest whole number.  Multiply the empirical formula by this number to get the molecular formula.


Cr        52.0        x        1        =        52.1

O3        16.0        x        3        =        48.0


               1 mole  CrO3           =      100.0g
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therefore …     CrO3   x   2   = Cr2O6
                                        molecular formula

Problems
27. Hydrogen peroxide, used to kill germs on cuts, has an empirical formula of HO.  The molar mass is 34 g/mole.  What is the molecular formula for hydrogen peroxide?

28. A compound has an empirical formula of C2H3O.  The molar mass is experimentally determined to be 185 g/mole.  What is the molecular formula?

29. A compound with an empirical formula of Na2Cr2O7 is found to have a molar mass of 270 g/mole.  What is the molecular formula of this compound?

30. A sample of an important sugar with a molar mass of 180 g/mole has the following composition:  2.8 grams C, .469 g H, and 3.73 g O.  What is the empirical formula?  What is the molecular formula?

All


the Same


Number of Atoms





One Mole





1 g H





16 g O





12 g C





24.3 g


Mg





      Term            Count





45.7 inches





x





   1 foot


12 inches





=   3.81 feet





x





?





=





atoms





1.45 grams





x
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=





atoms





1.45 grams





x
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=





1.37 x 1022   atoms





.827 moles





x





?





=                      grams





.827 moles
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=    14.9           grams





450g NaOH


1





x





1 mole NaOH


40.0 g NaOH








=    11 moles NaOH





3.95g Cu


1





1 mole Cu


63.5g Cu





x





=    .0622 mole Cu





6.0g C


1





1 mole C


12g C





6.0 x 1023 atoms


1 mole C





x





x





=    3.0 x 1023 atoms





1 molecule CO2


1





1 mole CO2


6.0 x 1023 molecule CO2





44g CO2


1 mole CO2





x





x





=    7.3 x 1023g CO2





1 mole


23.0g





1 mole


32.1g





1 mole


16.0g





1 mole


16.0g





1 mole


1.0g





1 mole


12.0g








1 mole


16.0g





1 mole


52.0g
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