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An empirical formula is just the simplest mole ratio between one or more elements in a compound. It can be determined from mass data or from percentage composition data. This idea comes from the Law of Definite Proportions. Do you remember this Law? (Your really need to find out if you do not.) Consider the following example.

Sample Problem 1     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    Since the empirical formula is a mole ratio, let’s find moles first. Having accomplished that we can then find the simplest mole ratio between the elements. Follow how this is done using the table shown below.  Line up your calculations in the columns.  Convert the mass, (column 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








empirical formula     Na2SO3
Do you understand why dividing by the smallest gives the simplest whole number ratio? Ask for help if you do not. Below, write down your understanding of the process of calculating an empirical formula.

Sample Problem 2     What is the empirical formula for a compound containing 50.0% C, 5.5% H, and     44.4% O?

      Hmm….what are we going to do here? Think about this idea. When the elements present are expressed as a percent, assume the sample has a mass of exactly 100 grams. The masses of the elements are then the same as the percents, only in grams.  (i.e. 50.0% of 100 grams  becomes 50.0 grams, get it?) Then proceed as before. Try do mimic the process from the first example and solve this problem. You can check your work with the solution on the next page. Don’t peek until you are done with your own solution! 

Solution

Columns (1) through (5) are the same as sample problem 1 above but this time the subscripts do not come out as whole numbers. (Great. Another twist!) To get whole numbers we multiply all subscripts, (6) by some other small whole number ( 1, 2, 3, 4 or 5).  In this problem multiplying by “2” gives us whole number 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
How did we know to multiply by 2? 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 below summarizes the possibilities we might encounter. Remember, the goal is always to have the mole ratios be as small as possible. 

	decimal/fraction


	.50 = 
[image: image1.wmf]1

2


	.33 = 
[image: image2.wmf]1

3


	.25 = 
[image: image3.wmf]1

4


	.20 = 
[image: image4.wmf]1

5



	multiply by:


	2
	3
	4
	5


We not just round up the numbers and be done with it? That would build in error that would contradict the Law of Definite Proportions. Let’s prove this.


From the previous problem let’s say we just rounded up the subscript for Carbon from 1.5 to 2. This would mean the formula is now C2H2O2. Being the skeptical chemists we are let’s do a percentage composition check and see if the percents of C, H, and O match those originally listed in the problem on the previous side. 

Molar Mass of  C2H2O is 42 g/mol.  The percent Carbon is found by taking  
[image: image5.wmf]mass

 

 total

g

 

42

C

 

g

 

24

 =  57.1% C. As you can see from the previous side, the percent of Carbon listed in the problem is 50.0%. Houston, we have a problem. You can do a similar calculation to figure out the percentage hydrogen and oxygen. You will find those percents don’t match either. Moral: Don’t round. Problems will abound. (Hey that sounds cool!)

Here is another problem for you to try using the procedure outlined above. The solution is on the next page. Don’t peek!

Sample Problem 3     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

The answers for the following problems are in ( ).
1) 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? (CaI2)

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

3) A carbon compound which used to be used in “dry cleaning” contains 7.8% carbon and 92.2% chlorine.  What is its empirical formula? (CCl4)

4) What is the empirical formula of a compound containing 56.3% aluminum and 43.7% nitrogen? (Al2N3)

5) What is the empirical formula of a compound if a sample contains 72.4 g of iron and 27.6 grams of oxygen? (Fe3O4)

6) 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? (Na2S2O3)

7) What is the empirical formula of a compound containing 42.07% Na, 18.91% P, and 39.02% O? (Na3PO4)

8) What is the empirical formula of a compound containing 46.2% C, 7.69% H, and 46.2% O? (C4H8O3)

9) A sample of an oxide of phosphorus contains .327 g P, and .423 g O.  What is the empirical formula? (P2O5)

10) What is the empirical formula of a compound containing 56.4% Mn and 43.6% S? (Mn3S4)

11) What is the empirical formula of a compound containing 54.5% C, 9.1% H, and 36.4% O? (C2H4O)

12) What is the empirical formula of a compound containing 15.76% Al, 28.12% S, and 56.12% O? (Al2S3O12)

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. It’s the way it actually exists in nature. 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 4     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 formul
Cr        52.0        x        1        =        52.1

         O3        16.0        x        3        =        48.0


               1 mole  CrO3           =      100.0g

            
[image: image6.wmf]210.0g/mole

2.102

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

Problems The answers are in ( ). 
13) 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? (H2O2)

14) A compound has an empirical formula of C2H3O.  The molar mass is experimentally determined to be 185 g/mole.  What is the molecular formula? (C8H12O4)

15) 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? (Na2Cr2O7)

16) 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? (CH2O  & C6H12O6)





























































































































































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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