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Determining an Empirical Formula from Elemental Analysis

CSCOPE Unit 06 Lesson 02 Day 3

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


Demonstration: Determining an Empirical Formula

In this investigation, magnesium was heated and allowed to react with the oxygen in the air in a synthesis reaction:

magnesium + oxygen ( magnesium oxide


Line 1   Mass of crucible and lid empty: 



__________


Line 2   Mass of crucible, lid, and unreacted magnesium: 
__________


Line 3   Mass of crucible, lid, and magnesium oxide: 

__________


Find the mass of oxygen that combined with the magnesium:



Line 3 – Line 2


Find the number of moles of oxygen in the magnesium oxide:

	mass of oxygen
	=
	mass of oxygen
	=                                    mol O

	molar mass of oxygen
	
	16.00 g/mol
	


Find the mass of magnesium that combined with the oxygen:



Line 2 – Line 1


Find the number of moles of magnesium in the magnesium oxide:

	mass of magnesium
	=
	mass of magnesium
	=                                  mol Mg

	molar mass of magnesium
	
	24.31 g/mol
	



Find the ratio of the number of moles of magnesium to the number of moles 

of oxygen:


Hint: It should be very close to one to one.

Write the formula with magnesium first and then oxygen – the same order as they appear on the periodic table from left to right.

Procedure for determining an empirical formula from elemental analysis:

1. Determine the mass of each element in a given mass of a sample.

2. Draw a “Given and Find” or “T-table.”

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.

a. If all the ratios are within 5 % of being integers, then round to the 

    nearest integer.

Examples:

	1.98
	=
	2

	1
	
	1


	3.03
	=
	3

	1
	
	1


b. If the ratios vary from being integers by more than 5%, then consider 

    ratios of integers where the denominator is a value other than one.


Examples:

	1.5
	=
	3

	1
	
	2


	1.333
	=
	4

	1
	
	3


5. If necessary, convert to ratios of whole numbers.

6. 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 if a 26.29 g sample contains 11.47 g of phosphorus and 14.81 g of oxygen.

1. Determine the mass of each element in a given mass of a sample.



Phosphorus is 11.47 grams and oxygen is 14.81 g.

2. Draw a “Given and Find.”

	Given
	Find

	mass of sample = 26.29 g

mass of P = 11.47 g

mass of O = 14.81 g
	 mol P = ?

 mol O = ?

 formula is ?


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.

P (phosphorus)

	11.47 g P
	1 mol P
	= 0.37036 mol P

	
	30.97 g P
	


O (oxygen) 

	14.81 g O
	1 mol )
	= 0.92562 mol O

	
	16.00 g O
	


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

    by the smallest number of moles.


0.37036 mol P is smaller than 0.92562 mol O


Therefore 0.37036 mol P goes in the denominator.

	0.92562 mol O
	=
	

	0.37036 mol P
	
	



Next, divide both the numerator and the denominator by 0.37036
	0.92562 mol O
	=
	2.4992 mol O

	0.37036 mol P
	
	1 mol P


2.4992 is very close to 2.5

	
	=
	2.5 mol O

	
	
	1 mol P


5. If necessary, convert to ratios of whole numbers.

	
	=
	2 x 2.5 mol O

	
	
	2 x 1 mol P


	
	=
	5 mol O

	
	
	2 mol P


6. Write the empirical formula using the smallest whole number ratios.

P2O5
1.  Determine the empirical formula of a compound if a 2.11 g sample contains 0.58 g

     of carbon and 1.53 g of oxygen.

1. Determine the mass of each element in a given mass of a sample.

2. Draw a “Given and Find.”

	Given
	Find

	mass of sample = __________ g

mass of C = __________ g

mass of O = __________ g
	mol C = ?

 mol O = ?

 formula is ?


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.

5. If necessary, convert to ratios of whole numbers.

6. Write the empirical formula using the smallest whole number ratios.

2.  Determine the empirical formula of a compound if a 7.775 g sample contains 

     1.380 g of hydrogen and 6.394 g of nitrogen.

1. Determine the mass of each element in a given mass of a sample.

2. Draw a “Given and Find.”

	Given
	Find

	mass of sample = __________ g

mass of H = __________ g

mass of N = __________ g
	mol H = ?

 mol N = ?

 formula is ?


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.

5. If necessary, convert to ratios of whole numbers.

6. Write the empirical formula using the smallest whole number ratios.

3.  Determine the empirical formula of a compound if a 0.983 g sample contains 

     0.463 g of oxygen and 0.520 g of aluminum.

 

	Given
	Find

	mass of sample = __________ g

mass of O = __________ g

mass of Al = __________ g
	mol O = ?

 mol Al = ?

 formula is ?


4.  Determine the empirical formula of a compound if a 0.6527 g sample contains 

     0.2219 g of phosphorus and 0.4307 g of calcium.

	Given
	Find

	mass of sample = __________ g

mass of P = __________ g

mass of Ca = __________ g
	mol P = ?

 mol Ca = ?

 formula is ?


 

5.  Determine the empirical formula of a compound if a 11.225 g sample contains 

     0.754 g of hydrogen, 4.490 g of carbon, and 5.981 g of oxygen.

	Given
	Find

	mass of sample = __________ g

mass of _____ = __________ g

mass of _____ = __________ g

mass of _____ = __________ g
	mol _____ = ?

mol _____  = ?

mol _____  = ?

formula is ?


 

6.  Determine the empirical formula of a compound if a 6.003 g sample contains 

     0.596 g of carbon, 1.886 g of fluorine, and 3.520 g of chlorine.

	Given
	Find

	mass of sample = __________ g

mass of _____ = __________ g

mass of _____ = __________ g

mass of _____ = __________ g
	mol _____ = ?

mol _____  = ?

mol _____  = ?

formula is ?
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