Determination of Empirical Formulas

Introduction

Each compound has a unique ratio of elements.  The simplest ratio of these elements is known as the compound’s empirical formula.  These ratios can be examined using the mole concept.  In this lab, each group will be given an unknown binary compound to analyze.  The general formula of each group's compound will be AxBy.  Heating any of the compounds will cause them to decompose according to the following equation:


AxBy  (  x A(s)  +  y B(g)
Since ``B'' is released as a gas, strong heating will leave only the ``A'' of the unknown in the crucible.  Each group will be told their unknown number.  Be sure to record the unknown number in your report.

The molar masses of ``A'' and ``B'' can be determined from the table below.

	Unknown Number
	Molar Mass

of ``A''
	Molar Mass

of ``B''

	1
	107
	55.5

	2
	195
	11.2

	3
	238
	61.8

	4
	104
	18.0

	5
	126
	65.4

	6
	112
	4.84

	7
	141
	48.8

	8
	154
	13.3

	9
	219
	12.6

	10
	73.0
	25.2

	11
	84.0
	9.68

	12
	119
	82.4

	13
	224
	19.4

	14
	255
	29.4


Purpose

To examine the chemical composition of a hydrate

Materials

crucible
unknown hydrate

lab balance

Bunsen burner

ring
clay triangle


ring stand

Safety Notes

Be sure to wear safety goggles.  The solids you will be working with in this experiment are safe if handled properly.  They are toxic by ingestion.  If any of the solid comes in contact with your skin, wash with soap and water generously to avoid any possibility of ingestion.  Use caution in handling the hot crucible and its support in order to avoid burns.  Report any burns to your teacher immediately.   

Procedure
1. Obtain a crucible and an unknown vial.  Clean your crucible if necessary and dry thoroughly.  Measure the crucible’s mass to the nearest 0.01 g.  Record the mass.

2. Add the unknown vial contents to the crucible, replace the cover and measure the mass to the nearest 0.01 g.  Record the mass.  

3. Set up a ring stand with a ring a clay triangle.  Place the crucible with the lid slightly ajar on the clay triangle.  Using a Bunsen burner, begin heating the crucible slowly.  Increase the heat until you have heated the crucible strongly for about 10 minutes.  You are driving off all the ``B'' in your unknown in this step.

4. Remove the crucible from the triangle support, let it cool on a ceramic pad (the lab bench!) for 5 minutes, and measure the mass of the crucible, cover and contents (now just the ``A'' in your un​known).  Record.

5. Reheat with a hot flame for a couple of minutes, cool for 5 minutes, and measure the mass again.  If the mass does not agree with the mass measured in step 6, repeat until you have heated to a constant mass.  

6. Once finished with step 5, turn in your vial and place the residue in the crucible in the designated beaker in the hood.

Data and Calculations
	Unknown number
	

	mass of crucible and cover
	

	mass of crucible, cover and your unknown AxBy
	

	mass of crucible, cover and the ``A'' in your unknown
	

	mass of your unknown 
	

	mass of ``A'' in your unknown 
	

	moles of ``A'' in your unknown 
	

	mass of ``B'' in your unknown
	

	moles of ``B'' in your unknown 
	

	Empirical formula
	

	% composition of A
	

	% composition of B
	


Data Analysis

Show all work.  Follow significant figures and rounding rules.  Include units where appropriate.  Complete the above table with your calculations.  

1. Calculate the mass of your unknown by subtracting the mass of the crucible and cover from the mass of the crucible, cover, and your unknown sample.

2. Calculate the mass of “A” of your unknown by subtracting the mass of the crucible and cover from the mass of the crucible, cover, and “A” in your unknown sample.

3. Calculate the moles of “A” of your unknown by converting the mass of “A” to moles using the molar mass of “A” for your unknown given in the introduction.

4. Calculate the mass of “B” of your unknown by subtracting the mass of “A” in your unknown from the mass of your unknown sample.

5. Calculate the moles of “B” of your unknown by converting the mass of “B” to moles using the molar mass of “B” for your unknown given in the introduction

6. Determine the empirical formula of your unknown using the above calculations.

Hint: Start with the moles of “A” and “B” calculated in Data Analysis questions 3 and 5.
7. Calculate the percent composition of “A” and “B”. 

Hint: Use Data Analysis answers to questions 1, 2, and 4.

Results and Conclusions
1. Once you have determined the empirical formula of your compound, what additional information would you need to determine your compound’s molecular formula?

2. Give three reasons why the percent composition of your compound might not equal 100% experimentally.

3. What is another way using the data collected to determine the mass of “B” in your unknown sample?

