Chemistry Laboratory

Determination of Empirical Formula of a Compound

Background:


In this experiment, a measured mass of magnesium metal will react completely to form magnesium chloride. After the magnesium chloride is isolated, the experimental percent magnesium in magnesium chloride will be calculated and compared to the theoretical value of 25.5 % Mg.


Whenever an experiment is carried out, an analysis of the sources of error will help determine the accuracy of the experiment. The theoretical percent of an element in a compound can be calculated from its formula. For example, the percentage of aluminum in aluminum oxide, Al2O3, is found by dividing two times the atomic mass of aluminum, 54.0, by the formula mass of Al2O3, 102.0, and multiplying the quotient by 100. The result is 52.9% Al.


To obtain good results in this experiment, it is important to remove the water of hydration from the solid, dry, magnesium chloride. Repeated moderate, heating over a burner flame followed by cooling and massing, will result in a constant mass (referred to as “heating to constant mass”). If the product is under heated, some of the water of hydration will remain increasing the mass of the product formed. If the product is overheated, some of the magnesium chloride may decompose or vaporize.

Purpose(s):


Determine the mass of magnesium chloride produced when a given mass of magnesium is reacted with excess hydrochloric acid.


Calculate the empirical formula of the magnesium chloride product.


Compare the empirical formula obtained experimentally to the accepted formula.


Analyze the experiment for any unexpected experimental results (error).

Materials:

Balance

medium sized evaporating dish

hot plate

ring stand w/ iron ring

25 or 50 mL graduated cylinder

wire gauze

lab burner

beaker tongs

goggles

apron
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Reagents: 

Magnesium ribbon


1.0 M hydrochloric acid (HCl)

Cautions: HCl is a corrosive – wear gloves if desired, wash off spills with plenty of water. Handle hot glassware with tongs or heat protective gloves. Remember hot glassware looks like cool glassware.

Procedure:


Wear lab apron and goggles. 

Clean, dry (by light heating), and mass a medium sized evaporating dish. Record the mass.

Place a strip of magnesium ribbon in the evaporating dish and measure the mass together. Record the mass. 

Slowly add about 15.0 mL 1.0 M HCl. Make and record observations. Continue to add 1.0 M HCl with slight agitation (swirling or stirring) until there is no more magnesium visible in the evaporating dish. This should ensure there is excess HCl present.

Put the evaporating dish on a hot plate in a fume hood and allow to dry overnight.

Clean up your equipment and lab station. Wash hands and leave the lab area.

DAY TWO


Don lab apron and goggles. 

Make and record observations of the product present in the evaporating dish.


Mass the evaporating dish and product. Record the mass.

Heat the evaporating dish over a Bunsen burner using a ring stand with iron ring and wire gauze. Heat over medium heat for about three minutes. Turn off burner and allow evaporating dish and product to cool.


Mass the evaporating dish and product. Record the mass. 

Reheat, cool, and mass until a “constant mass” is obtained. This is usually within about several hundredths of a gram.
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Discard product in paper toweling in the trash.

Clean up your equipment and lab station. Wash hands and leave the lab area.

Data Table

	Description
	Mass in grams

	Mass of clean, dry evaporating dish
	

	Mass of evaporating dish and magnesium ribbon
	

	Mass of magnesium chloride product and evaporating dish after drying on hot plate
	

	Mass of magnesium chloride product and evaporating dish after first heating 
	

	Mass of magnesium chloride product and evaporating dish after second heating
	

	Mass of magnesium chloride product and evaporating dish after third heating
	

	Mass of magnesium chloride product and evaporating dish after fourth heating
	


Observations:

	Item Observed
	Description of Observations

	Magnesium ribbon
	

	Magnesium ribbon with HCl
	

	Magnesium chloride product
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Prelab Questions:
Show all equations, work, units, labels, and significance when calculating. Provide complete, detailed, yet concise responses.
1. How can you tell when an excess of hydrochloric acid has been added to the evaporating dish with the magnesium?

______________________________________________________________________________________________________________
2. What is the formula of magnesium chloride? ________________

3. Calculate the formula mass of magnesium chloride ___________
4. Calculate the theoretical percentage of magnesium in magnesium chloride  _______________
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5. If all of the water of hydration is not removed, will the experimental percentage of magnesium in magnesium chloride be too large or too small? ____________ Explain your answer.

____________________________________________________________________________________________________________________________________________________________

6. How can you tell if constant mass has been attained?

______________________________________________________________________________________________________________

Calculations:

Show all equations, work, significance, units, labels, etc. in performing calculations.
Determine the mass of the magnesium ribbon that reacted

Determine the mass of magnesium chloride product that formed
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Determine the mass of chlorine in the magnesium chloride product

Using the masses of Mg and Cl, determine the empirical formula of the product

Using the mass of Mg and the mass of the product, determine the percentage of magnesium in the compound

What is the percentage error (relative error) of this percentage?
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Conclusion:

Provide an explanation why experimental error is more likely in obtaining the mass of magnesium chloride than in obtaining the mass of magnesium

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

What errors may have caused any discrepancy in the experimental percentage of magnesium and the theoretical percentage of magnesium?

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Compare the results of at least four lab groups to the theoretical results. Do the errors appear to be random or systematic?

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

What is the maximum yield possible from a chemical reaction? __________
