
Gravimetric and Volumetric Analysis of a Two Component System

NAME:________________________________________  PERIOD:___________

Prelab

1. An unknown mixture containing only NaCl and KCl has a mass of 1.0000g. The sample is dissolved and reacted with an excess of AgNO3.  The solid AgCl was filtered, dried, and had a mass of 2.3200g. What is the percent of each compound in the mixture?


NaCl (aq)   
+ 
AgNO3 (aq)
(
AgCl (s)   + 
NaNO3 (aq)

KCl (aq) 
+ 
AgNO3 (aq)
(
AgCl (s)    + 
KNO3 (aq)
2. A 0.1500g sample of an Al-Zn alloy produced 126.0ml of hydrogen gas at STP when reacted with an excess of hydrochloric acid.  Calculate the percentage of each of the metals in the alloy.


Al (s)    +   
HCl (aq)    
(    
H2 (g)       +    
AlCl3 (aq)

Zn (s)     +  
HCl (aq)   
(  
H2 (g)        +   
ZnCl2 (aq)
Gravimetric and Volumetric Analysis of a Two Component System

Purpose: 


The percent composition of an unknown mixture of NaHCO3 and Na2CO3 will be determined by gravimetric and volumetric analysis. The results of the analyses will be compared.
Theory: 

Part 1: Gravimetric Analysis


A two component mixture can be simultaneously analyzed for both compounds if both compounds react completely to produce a common product. The data required are:

a. The total mass of the mixture to be analyzed

b. The two balanced chemical reactions for the conversion of each of the compounds to

     the common product.

c. The total mass (or some other quantity that can be related to moles) of the common

    product..


In this part of the experiment, a mixture of NaHCO3 and Na2CO3 is reacted with an excess of hydrochloric acid, HCl, to form three common products: NaCl, CO2, and H2O.


NaHCO3 (s)  
+  HCl (l)  
( 
NaCl (aq)  +  CO2 (g)   +  H2O (l)

Na2CO3 (s)  
+  2 HCl (aq)  
( 
2 NaCl (aq)  +  CO2 (g)  +  H2O (l)
The CO2 escapes from the reaction mixture and the water and the excess HCl solution are evaporated leaving solid NaCl. The stiochiometry of the two reactions allows you to relate the masses of NaHCO3 and Na2CO3 in the original sample to the mass of the NaCl produced.


Grams of original mixture  =  Grams of NaHCO3    +    Mass of Na2CO3
  
Total moles of NaCl  =  1 (Moles of NaHCO3)   +   2 (Moles of Na2CO3
Using the relationship of: 
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and the stoichiometry of the reactions, the following relationships can be developed:

Moles NaCl  =  1 (Moles NaHCO3)  +  2 (Moles Na2CO3)
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The grams of each of the compounds and the percent composition of each in the mixture can be calculated.

Part 2: Volumetric Analysis:


The stiochiometry of the two reactions also allows you to relate the masses of NaHCO3 and Na2CO3 in the original sample to the moles of HCl that react with the sample. While a direct titration of the sample is possible. The sample is reacted with an excess of a standardized solution of HCl and the excess HCl “back-titrated” with a standardized solution of NaOH. The sample is warmed to increase the rate of reaction with the hydrochloric acid and to drive off the carbon dioxide formed. The excess HCl left from the reaction with the NaHCO3 and Na2CO3 is neutralized by NaOH in the following reaction:

HCl (aq)   +   NaOH (aq)   (   H2O (l)  +   NaCl (aq)
The net ionic reaction is:
H+1 (aq)   +   OH-1 (aq)   (   H2O (l) 

The solution must be heated to drive off the carbon dioxide because the CO2 reacts with water to form carbonic acid which also reacts with the NaOH.

CO2 (g)    +   H2O (l)   (   H2CO3 (aq)
The moles of HCl used in the reaction with the unknown mixture equals the moles of HCl added to the mixture minus the moles of excess HCl. The excess HCl is determined by a titration with standardized NaOH. The moles of HCl used in the reaction with the unknown mixture are related to the composition of the mixture by:

Moles HCl  =  1 (Moles NaHCO3)  +  2 (Moles Na2CO3)
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The grams of each of the compounds and the percent composition of each in the mixture can again be calculated.

Procedure:

Part 1: Gravimetric Analysis

1. Mass a clean dry evaporating dish and watch glass together to the nearest 0.0001g on an analytical balance. Heat them for 5 min, allow them to cool to room temperature, and remass. If the masses agree to (0.001 g of the original mass, proceed to the next step. If they do not, repeat the heating process a second time.

2. Transfer approximately 2.50g of the unknown mixture to the dish. Mass the dish, watch glass, and contents to the nearest 0.0001g

3. With the dish covered to prevent any loss due to splattering during the evolution of CO2 gas, carefully add 6M HCl to the dish dropwise through the lip with a dropping pipet. Swirl the dish gently to promote mixing. Avoid adding a large excess of HCl. When all the solid has dissolved and no more CO2 is being evolved, carefully rinse the underside of the watch glass and the inside rim of the dish into the dish with distilled water to make sure that all the sample has had a chance to react.

4. Replace the watch glass and gently heat the dish to evaporate the water and excess acid. The rate of heating must be controlled to prevent the loss of NaCl by splattering the solution. A small loss of NaCl may result in a large error in the percent composition of the sample. When the solid NaCl forms and appears to be dry, heat the dish with the full flame for about 5 min. Let the dish and contents to cool to room temperature. Mass the dish to nearest 0.0001g. (Your instructor may direct you to heat the dish on a hotplate or to dry the sample overnight in an oven.)
5. Reheat the dish and solid for another 5 min., cool, and remass to see if constant mass has been achieved. If a change in mass of more than (0.001g has occurred, additional heating will be necessary until constant mass is achieved.

6. Calculate the mass and moles of NaCl produced.

7. Calculate the mass of Na2CO3 and NaHCO3 in the sample.

8. Calculate the mass percent of Na2CO3 and NaHCO3 in the sample.

Part 2: Volumetric Analysis

A. Preparation and Reaction of the Sample
1. Mass a plastic weighing boat to the nearest 0.0001g on an analytical balance. 

2. Add about one gram of the unknown mixture to the weighing boat.

3. Remass the weighing boat and sample. 

4. Transfer the solid to a 125-ml Erlenmeyer flask. Number the flask.

5. Rinse the weighing boat with distilled water to completely transfer the sample to the flask. 

6. Pipet 25.00 mL of standardized HCl (( 1.00 M HCl) in the flask. 

7. Record the actual HCl concentration.

8. Heat the solution to boiling on a hotplate to react to remove dissolved CO2. Rinse the walls of the flask with a small amount of water and swirl the flask to make sure the sample completely reacts. Avoid prolonged boiling to prevent loss of any HCl.

9. Cool the flask to room temperature under running water or in an ice bath. 

10. Add 4-8 drops of phenolphthalein. Phenolphthalein produces a colorless solution in an acidic solution and a pink solution in a basic solution. If the solution is pink to the indicator, add 5.00 mL of 1.0 M HCl and heat again.

B. Titrating the Sample
1. Rinse a clean buret with two small portions of the standardized NaOH solution.  

2. Fill the buret with the NaOH solution and be sure no air bubble is present in the tip.

3. Record the initial volume of the NaOH to the nearest 0.01mL.  

4. Titrate the solution to a pale pink endpoint. Record the final volume of the NaOH to the nearest 0.01mL.

5. Repeat the procedure with one or two additional samples as directed by your instructor.

6. Calculate the initial moles of HCl by multiplying the volume of HCl pipeted (in liters) by the molarity of the HCl.

7. Since the NaOH and HCl react in a 1:1 ratio, the moles of NaOH used equals the moles of HCl in excess (moles HCl that did not react with the sample).

8. Calculate the moles HCl that reacted with the sample by subtracting the excess moles of HCl from the initial moles of HCl.

9. Calculate the mass of Na2CO3 and NaHCO3 in the sample.

10. Calculate the mass percent of Na2CO3 and NaHCO3 in the sample.

11. Repeat the calculations with the other samples.

12. Average the percent of Na2CO3 and NaHCO3 in the sample.

Gravimetric and Volumetric Analysis of a Two Component System

NAME____________________________________________PERIOD__________

LAB PARTNER_____________________________________COURSE_________

Data Table

Part 1: Gravimetric Analysis

	
	Heating 1
	Heating 2
	Heating 3

	Mass of empty evaporating dish and watch glass (g)
	
	
	

	Mass of dish, glass, and unknown mixture (g)
	
	
	

	Mass of unknown mixture (g)


	
	
	

	Mass of dish, glass, and NaCl after evaporation (g)
	
	
	

	Mass of NaCl produced (g)


	
	
	

	Experimental Mass of NaHCO3 in the mixture (g)
	
	
	

	Experimental Mass of Na2CO3 in the mixture (g)
	
	
	

	Experimental % NaHCO3 in the mixture
	
	
	

	Experimental % Na2CO3 in the mixture
	
	
	

	True value of the % NaHCO3

	
	
	

	True value of the % Na2CO3

	
	
	

	Relative % error in % NaHCO3

	
	
	

	Relative % error in %Na2CO3

	
	
	


Show your calculations for the percent composition of the sample on a separate sheet of paper.

Part 2: Volumetric Analysis

	
	Trial 1
	Trial 2
	Trial 3

	Mass of weighing boat (g)
	
	
	

	Mass of sample + weighing boat (g)
	
	
	

	Mass of sample (g)
	
	
	

	Molarity of HCl solution used
	
	
	

	Volume of HCl added (ml)
	
	
	

	Volume of HCl added (liters)
	
	
	

	Moles of HCl initially added
	
	
	

	Initial volume of NaOH (ml)
	
	
	

	Final volume of NaOH (ml)
	
	
	

	Volume of NaOH added (ml)
	
	
	

	Volume of NaOH added (liters)
	
	
	

	Molarity of NaOH
	
	
	

	Moles of NaOH added
	
	
	

	Moles of HCl in excess
	
	
	

	Moles of HCl reacted with sample
	
	
	

	Experimental Mass of NaHCO3 in the mixture (g)
	
	
	

	Experimental Mass of Na2CO3 in the mixture (g)
	
	
	

	Experimental % NaHCO3 in the mixture
	
	
	

	Experimental % Na2CO3 in the mixture
	
	
	

	Average percent NaHCO3 in the sample
	
	
	

	Average percent Na2CO3 in the sample
	
	
	

	True value of the % NaHCO3

	
	
	

	True value of the % Na2CO3

	
	
	

	Relative % error in % NaHCO3 based on the average value


	
	
	

	Relative % error in %Na2CO3 based on the average value


	
	
	


Show your calculations for the percent composition of the sample for one of the trials on the same separate sheet of paper.

Discussion (on the same separate sheet of paper):

Discuss the relative accuracy of the two methods of analyzing the sample. Discuss any sources of error that occurred in the experiment.
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