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Determining an Empirical Formula from Percent Composition

CSCOPE Unit 06 Lesson 02 Day 4

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

	
	
	

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


Procedure


1. Draw a “Given and Find.”


2. 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.



Don’t forget to convert the percent to a decimal by dividing by 100%.

From this point on the work is done the same way as it was on Day 3: Determining an Empirical Formula from Elemental Analysis.


3. 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.


4. 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.

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

    same order as they appear on the periodic table from left to right.


An exception to this is molecular compounds containing C, H, O, N, or S


which are written in the order C…H…O…N…S

Example


Determine the empirical formula of a compound that is 43.88% potassium, 



29.18% chromium, and 26.94% oxygen.


1. Draw a “Given and Find.”

	Given
	Find

	mass of sample = 100.00 g

% K = 43.88%

% Cr = 29.18%

% O = 26.94%
	 mass K = ?

 mass Cr  = ?

 mass O = ?

 mol K = ?

 mol Cr  = ?

 mol O = ?

 ratios = ?

 formula is?



2. 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.



Don’t forget to convert the percent to a decimal by dividing by 100%.

K:  43.88%/100% x 100.00 g = 0.4388 x 100.00 g = 43.88 g K

Cr:  29.18%/100% x 100.00 g = 0.2918 x 100.00 g = 29.18 g Cr

O:  26.94%/100% x 100.00 g = 0.2694 x 100.00 g = 26.94 g O

3. 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.

K (potassium)

	43.88 g K
	1 mol K
	= 1.1222 mol K

	
	39.10 g K
	


Cr (chromium)

	29.18 g Cr
	1 mol Cr
	= 0.56115 mol Cr

	
	52.00 g Cr
	


O (oxygen)

	26.94 g O
	1 mol O
	= 1.6838 mol O

	
	16.00 g O
	


From this point on the work is done the same way as it was on Day 3: Determining an Empirical Formula from Elemental Analysis.


4. Determine the ratios of the elements by dividing each of the number of moles 

              by the smallest number of moles.  



The smallest number of moles is 0.56115 mol Cr.



Therefore 0.56115 mol Cr goes in the denominator for BOTH ratios.




The mole ratio involving K and Cr

	1.1222 mol K
	=
	

	0.56115 mol Cr
	
	


	1.1222 mol K
	=
	1.9998 mol K

	0.56115 mol Cr
	
	1 mol Cr


1.9998 is very close to 2

	
	=
	2 mol K

	
	
	1 mol Cr


The mole ratio involving O and Cr

	1.6838 mol O
	=
	

	0.56115 mol Cr
	
	


	1.6838 mol O
	=
	3.0006 mol O

	0.56115 mol Cr
	
	1 mol Cr


3.0006 is very close to 3

	
	=
	3 mol O

	
	
	1 mol Cr


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

    same order as they appear on the periodic table from left to right.



The formula of ionic compounds will be written in order as the elements 


are found from left to right on the periodic table so the order would be



K…Cr…O




From the first ratio (there are two K for each Cr):     
     K2Cr




From the second ratio (There are three O for each Cr):     CrO3



Putting them together: K2CrO3 

1. Butadiene is used in the manufacture of automobile tires. It has the following percent 

    composition: C…88.819%; H…11.1806%.  What is its empirical formula?

1. Draw a “Given and Find.”

	Given
	Find

	mass of sample = 100.00 g

% C = __________ %

% H = __________ %
	 mass C = ?

 mass H = ?

 mol C = ?

 mol H  = ?

 ratios = ?

 formula is?



2. 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.



Don’t forget to convert the percent to a decimal by dividing by 100%.

C:  __________%/100% x 100.00 g = _______________ g C

H: __________%/100% x 100.00 g = _______________ g H


3. 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.


4. 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.

5. Write the empirical formula using the smallest whole number ratios in the same

    order as they appear on the periodic table from left to right.


An exception to this is molecular compounds containing C, H, O, N, or S


which are written in the order C…H…O…N…S

2. Propane is used as a substitute fuel for natural gas in camping and other applications.

    It has the following percent composition: C…81.713%; H…18.286%.  What is its 

    empirical formula?


1. Draw a “Given and Find.”

	Given
	Find

	mass of sample = 100.00 g

% C = __________ %

% H = __________ %
	 mass C = ?

 mass H = ?

 mol C = ?

 mol H  = ?

 ratios = ?

 formula is?



2. 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.



Don’t forget to convert the percent to a decimal by dividing by 100%.

C:  __________%/100% x 100.00 g = _______________ g C

H: __________%/100% x 100.00 g = _______________ g H


3. 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.


4. 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.

5. Write the empirical formula using the smallest whole number ratios in the same

    order as they appear on the periodic table from left to right.


An exception to this is molecular compounds containing C, H, O, N, or S


which are written in the order C…H…O…N…S

3. Although chromium is a component in stainless steel when it oxidizes it forms an oxide

    with the following percent composition: Cr…68.4202%; O…31.5797%.  What is its

    empirical formula?

4. Oxalic acid’s main applications include cleaning or bleaching, especially for the 

    removal of rust.  Bar Keepers Friend is an example of a household cleaner containing 

    oxalic acid. It has the following percent composition: C…26.680%; H…2.2389%.; 

    O…71.080%  What is its empirical formula?

5. Ethanoic acid is the ingredient in vinegar. It has the following percent composition: 

    C…40.001%; H…6.7137%.; O…53.285% What is its empirical formula?

6. Glycerin is used in medical and pharmaceutical and personal care preparations, mainly

    as a means of improving smoothness and providing lubrication. It has the following 

    percent composition: C…39.125%; H…8.7557%.; O…52.118%  What is its empirical 

    formula?
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