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Determining the Molecular Formula

CSCOPE Unit 06 Lesson 02 Day 5

Vocabulary
	empirical formula
	
	the formula with the lowest whole number ratio of elements in a compound and is written with the smallest whole number subscripts

	
	
	

	molar mass
	
	a general expression used to refer to the mass of a mole of any substance; calculated using the formula and atomic masses from the periodic table

	
	
	

	molecular formula
	
	the formula that shows the actual number of atoms of each element present in a compound

	
	
	

	percent composition
	
	the percent by mass of each element in a sample of a compound


Background Information

· The empirical formula is the formula with the lowest whole number ratio of elements in a compound and is written with the smallest whole number subscripts.

· The molecular formula is the formula that shows the actual number of atoms of each element present in a compound.

· Both empirical formula masses and molar masses are calculated the same way.

· The molar mass will be some whole number multiple “n” of the empirical formula mass for that compound.

molar mass = n  x  empirical formula mass


· The molecular formula will be some whole number multiple “n” of the empirical formula for that compound.   

molecular formula = n  x  empirical formula

· In both cases “n” will be the same.

Procedure

1. Determine the empirical formula.

2. Determine the molar mass by experiment.  (It will be provided for these 

   problems.)

3. Calculate the empirical formula mass the same way as a molar mass.

4. Divide the molar mass by the empirical formula mass to determine n.


“n” will always be a whole number.

5. Multiply the empirical formula by the factor n.
6. Write the molecular formula.

Examples

When vitamin C was analyzed, its empirical formula was found to be C3H4O3.  

In another experiment its molar mass was determined to be about 180 g/mol. 

Determine its molecular formula.

1. Determine the empirical formula.


Already given in the problem

2. Determine the molar mass by experiment.  


Already given in the problem

3. Calculate the empirical formula mass the same way as a molar mass.

The empirical formula is C3H4O3.

3 x C = 3 x 12.01 g   = 36.03 g

4 x H = 4 x 1.01 g     =   4.04 g

3 x O = 3 x 16.00 g   = 48.00 g

                                                                  = 88.07 g/mol 

4. Divide the molar mass by the empirical formula mass to determine n.


“n” will always be a whole number.

	n =
	180 g/mol

	
	88.07 g/mol


	n =
	2.04


	n =
	2


5. Multiply the empirical formula by the factor n.

The empirical formula is C3H4O3.

n = 2

2(C3H4O3)

6. Write the molecular formula.

C6H8O6
Glucose (“blood sugar”) is an important biological compound. It has the following percent composition: C…40.001%; H…6.7137%.; O…53.285%.  Its molar mass was found to be about 180 g/mol.  Determine its molecular formula.

1. Determine the empirical formula.

a. Assume that you have a 100.00 g sample of the compound and 

    convert the percent of each element to the mass of that element 

    in a 100.00 g sample of that compound.



C:  40.001% = 40.001 g C

H:  6.7137%. = 6.7137 g H

O:  53.285% = 53.285 g O

b. Convert the mass of each element to the number of moles of 

     that element.

Carry over at least one extra significant digit into the next step.
C (carbon)

	40.001 g C
	1 mol C
	= 3.33064 mol C

	
	12.01 g C
	


H (hydrogen)

	6.7137 g H
	1 mol H
	= 6.64723 mol H

	
	1.01 g H
	


O (oxygen)

	53.285 g O
	1 mol O
	= 3.33031 mol O

	
	16.00 g O
	




c. Determine the ratios of the elements by dividing each of the 

    number of moles by the smallest number of moles.  

Remember to consider ratios where the denominator is an integer other than one.




The smallest number of moles is 3.33031 mol O.




Therefore 3.33031 mol O goes in the denominator for

BOTH ratios.




The mole ratio involving C and O

	3.33064 mol C
	=
	

	3.33031 mol O
	
	


	3.33064 mol C
	=
	1.00010 mol C

	3.33031 mol O
	
	1 mol O


1.00010 is very close to 1

	
	=
	1 mol C

	
	
	1 mol O


The mole ratio involving H and O

	6.64723 mol H
	=
	

	3.33031 mol O
	
	


	6.64723 mol H
	=
	1.99598 mol H

	3.33031 mol O
	
	1 mol O


1.99598 is very close to 2

	
	=
	2 mol H

	
	
	1 mol O


d. Write the empirical formula using the smallest whole number 

     ratios in the C…H…O…N…S since the formula units only these

     elements.

    



C H O

From the second ratio (there are two H for each O):     
     

C H2 O1




From the first ratio (There is one C for every O):     

C1 H2 O1 




The empirical formula would be 





CH2O

2. Determine the molar mass by experiment.

Already given in the problem: molar mass = 180 g/mol

3. Calculate the empirical formula mass the same way as a molar mass.

The empirical formula is CH2O.

1 x C = 1 x 12.01 g   = 12.01 g

2 x H = 2 x 1.01 g     =   2.02 g

1 x O = 1 x 16.00 g   = 16.00 g

                                                                  = 33.03 g/mol

4. Divide the molar mass by the empirical formula mass to determine n.


“n” will always be a whole number.

	n =
	180 g/mol

	
	30.03 g/mol


	n =
	5.99


	n =
	6


5. Multiply the empirical formula by the factor n.

The empirical formula is CH2O.

n = 6

6(CH2O)

6. Write the molecular formula.

C6H12O6
1. Styrene is the building block molecule of polystyrene and Styrofoam.  Its empirical 

    formula is CH.  Its molar mass is approximately 100 grams per mole.  What is its 

    molecular formula?
1. Determine the empirical formula.


Already given in the problem

2. Determine the molar mass by experiment.  


Already given in the problem

3. Calculate the empirical formula mass the same way as a molar mass.

4. Divide the molar mass by the empirical formula mass to determine n.

5. Multiply the empirical formula by the factor n.

6. Write the molecular formula.

2. Cyclopropane used to be used as an anesthetic in surgery, until its explosive 

    properties when mixed with air were discovered the hard way.  It has the following 

    percent composition: C…85.628%; H…14.371%.  What is its empirical formula?  

    Its molar mass is approximately 50 grams per mole.  What is its molecular formula?
1. Determine the empirical formula.

a. Assume that you have a 100.00 g sample of the compound and 

    convert the percent of each element to the mass of that element 

    in a 100.00 g sample of that compound.



C:  85.628% = __________ g C

H:  14.371%  = __________ g H

b. Convert the mass of each element to the number of moles of that

    
               element. 

Carry over at least one extra significant digit into the next step.

c. Determine the ratios of the elements by dividing each of the number of

    moles by the smallest number of moles.  

d. Write the empirical formula using the smallest whole number ratios in 

    the C…H…O…N…S since the formula uses only these elements.

2. Determine the molar mass by experiment.  


Already given in the problem

3. Calculate the empirical formula mass the same way as a molar mass.

4. Divide the molar mass by the empirical formula mass to determine n.

5. Multiply the empirical formula by the factor n.

6. Write the molecular formula.

3. Ethylene glycol is widely used as an automotive antifreeze.  Its empirical formula is

    CH3O. Its molar mass is approximately 60 grams per mole.  What is its molecular 

    formula?
4. Threitol is a four-carbon sugar alcohol primarily used as an intermediate in the 

chemical synthesis of other compounds. Its empirical formula is C2H5O2. Its molar mass is approximately 120 grams per mole. What is its molecular formula?  
5. Benzene used to be used as a solvent and cleaner, until it was discovered that it 

    poisoned the liver. It has the following percent composition: C…92.257%; 

    H…7.7422%.  What is its empirical formula? Its molar mass is approximately 80 

    grams per mole. What is its molecular formula?
6. Coronene occurs naturally as the mineral carpathite, which is characterized by flakes 

   of pure coronene embedded in sedimentary rock. It has the following percent 

   composition: C…95.9720%; H…4.0270%. What is its empirical formula? Its molar 

   mass is approximately 300 grams per mole. What is its molecular formula?
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