Empirical Formula
Have you wondered how we know that the chemical formula for a common substance such as rust is Fe2O3?  


There are times when we can determine exactly what element are in a compound on a percent mass basis.  For example, an unknown compound is decomposed and the masses of the elements found in that compound are determined to be the following:

5.8% hydrogen

94.2 % sulfur

From this information, we cannot find the exact formula of the  compound, but we can find the ratio of elements in the compound.  This ratio represents the simplest formula and is the EMPIRICAL FORMULA.

ALL empirical formula can be easily solved by using the following table:

Example: 

A certain compound is analyzed and found to contain 5.8% hydrogen and 94.2% sulfur .  Determine the compound's simplest formula.

Solution:  From the percentage composition given, we know that 100 g of the compound would contain 5.8 g of hydrogen, and 94.2 g of sulfur.

	Element:
	hydrogen, H
	sulfur, S

	Percent composition or mass
	5.8 g


	94.2 g



	Step (1)

-Find the number of moles of each element


	
	

	Step (2) - Determine the relative number of moles, by dividing the # of moles of each element by the smallest # of moles
	
	

	Step (3) 

- Assign the relative # of atoms for each element


	
	


Simplest Formula: __________________

* note that to determine the actual formula of the compound, we need to have more information about the compound.  For example, two compounds have the empirical formula of CH2O:

**C6H12O6 is 6 times the empirical formula.  This compound is a type of sugar.

***CH2O is 1 times the empirical formula.  This compound is formaldehyde, which is very different from sugar but related none the less.

Example:


35.73 grams of a compound were decomposed and it was found that it contained 9.26 g of nitrogen, and 26.47 g of oxygen.  Determine the empirical formula.

	Element:
	nitrogen, N
	oxygen, O

	Percent composition or mass
	9.26 g
	26.47 g



	Step (1)

-Find the number of moles of each element


	
	

	Step (2)

- Determine the relative number of moles, by dividing the # of moles of each element by the smallest # of moles


	
	

	Step (3) 

- Assign the relative # of atoms for each element
	
	


Simplest Formula: ________________________

Example:

A compound is found to contain 85.7 % carbon and 14.3% hydrogen.  Its molecular weight is 28 u.  Calculate the molecular formula

	Element:
	carbon, C
	hydrogen, H

	Percent  composition or mass
	
	

	Step (1)

-Find the number of moles of each element


	
	

	Step (2)

- Determine the relative number of moles
	
	

	Step (3) 

- Assign the relative # of atoms
	
	


Simplest Formula: ___________________

In many cases, the correct molecular formula is a multiple of the simplest formula.  The simplest formula weight is 14, and we know that the correct molecular weight is 28.  Therefore the simplest formula of CH2 must be doubled, thus giving C2H4, the correct molecular weight.

Example:

A compound is found to contain 43.7% phosphorus and 56.3% oxygen. Calculate the simplest formula.

	Element:
	phosphorus, P
	oxygen, O

	Percentage composition or mass
	43.7 g
	56.3 g



	Step (1)

-Find the number of moles of each element
	
	

	Step (2)

- Determine the relative number of moles
	
	

	Step (3) 

- Assign the relative # of atoms 
	
	


Note: to find the molar ratio, we always divide all the moles by the smallest number of moles.

In this example, we get  PO2.5 .  Because we can't have fractions in our ratios.  We must then multiply the ratio by 2.  Doing so, we get P2O5, the correct empirical formula.

Assignment:  Do the Empirical Formula Worksheet.

Hydrates:

Hydrates are compounds that have water molecules associated with them when they form.  These compounds always have the same number of water, and we can easily eliminate the hydrate is to heat the compound and causing the water to evaporate.

Example:

Analysis revealed that a hydrate was composed of 56.14% zinc (II) sulphate and 43.86% water. Determine its formula
	Element:
	Zinc Suphate
	Water

	Percent composition or mass
	56.14 g
	43.86 g



	Step (1)

-Find the number of moles of each element
	
	

	Step (2)

- Determine the relative number of moles
	
	

	Step (3) 

- Assign the relative # of atoms for each element
	
	


Hydrate and Empirical Formula Questions Part 1

1. A compound is found to have the following composition: carbon, 92.4%, hydrogen, 7.7%.  Calculate the simplest formula

2. A sulfur compound contains 50% sulfur and 50 % oxygen.  What is the simplest formula?

3. A compound is found to contain carbon, 39.95%; hydrogen, 6.69%; and oxygen, 53.36%.  Calculate the simplest formula.

4. The percentage composition of a certain gas is nitrogen, 46.6%; oxygen, 53.4%.  Calculate the simplest formula.  Its correct molecular weight is 30.  Calculate its molecular formula.

5. A compound is composed of 82.4% nitrogen and 17.6% hydrogen.  Its correct molecular weight is 17.  find its correct molecular formula.

6.  When 1.35 grams of silver oxide are decomposed, there remains a silver residue of 1.26 g.  Calculate the simplest formula for silver oxide.

7.  Analysis of calcium sulfate hydrate, gypsum, revealed it contained 20.93 % water.  Calculate the simplest formula of the hydrate.

8.  Washing soda, Na2CO3, is actually a hydrate that is composed of 62.93% water.  What is the correct empirical formula for washing soda?

HYDRATE AND EMPIRICAL FORMULA QUESTIONS  Part 2
1. Derive the empirical formulae of the substances having the following percentage composition :


a) Fe :
63.53 %  ;  S : 36.47 %


b) Fe :
53.73 %  ;  S : 46.27 %


c) Na :
21.6 %   ;  Cl :  33.3 %  ;  O : 45.1 %


d) Cr :
26.52 %  ;  S : 24.52 %;  O : 48.96 %


e) C  :
63.1 %   ;  H : 11.92 %;  F : 24.97 %


f) K  :
26.57 %  ;  Cr : 35.36 %  ;  O : 38.07 %

2. A 15.00 gram sample of a hydrate was found to contain 7.05 grams of water. If the anhydrous salt left was sodium sulphate, determine the formula of the hydrate.

3. Derive the formulae for these hydrates using the following percentage compositions :


a) ZnSO4 : 

56.14 %   ;  H2O : 43.86 %


b) Na :12.10 %  ;  Al : 14.19 %  ;  Si : 22.14 %; O : 42.09 %  ;  H2O :9.48 %

4. A compound has the following composition : sodium : 19.3% ; sulphur 26.9 %  and the remainder is oxygen. Its GMM is 238. Derive its molecular formula.

5. An organic compound was found to consist of 47.47 % carbon, 10.59 % hydrogen, and the remainder oxygen.


What is the empirical formula of this compound ?

6. A carbohydrate on analysis gave the following percentage composition : 
C 40.00 %  ;  H 6.71 %  ;  O 53.29 %. 




Its molecular mass was found to be 182 grams per mole. Determine the molecular formula of the compound.

answers: 

Part 1: 

1) CH   2) SO2   3) CH2O   4)NO   5) H3N  6) Ag2O 

7) CaSO4 2H2O  8) Na2CO3 10H20

Part 2

1. a) FeS   b) Fe2S3
c) NaClO3   d) Cr2S3O12

e) C4H9F

 f) K2Cr2O7
2. Na2SO4.7H2O

3. a) ZnSO4.7H2O

b) Na2Al2Si3O10.2H2O

4. Na2S2O8
5. C3H8O2
6. C6H12O6
