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Stoichiometry #1
Determining the Mole Ratios
in a Chemical Reaction
A balanced chemical equation gives the mole ratios of the reactants and the products as coefficients. When some of the chemical formulas are not known, an experiment must be conducted to determine the mole ratios.  In this experiment, we will examine two separate reactions and determine the molar relationships for each.
EXPERIMENTAL OBJECTIVES

In this experiment, you will

· Measure the temperature change for a series of reactions.  The temperature change is directly proportional to the heat released and is a measure of the extent of reaction.
Determine the stoichiometry of two reactions: one in which the reactants are known but the products are unknown; the other in which the identity of one reactant is unknown and will be deduced from the reaction stoichiometry.
MATERIALS

	Vernier computer interface
	One wash bottle with DI water

	Computer
	Three 250 mL volumetric flasks

	Temperature probe
	One 1000 mL beaker for waste collection

	Two 10 mL graduated cylinders
	One 250 mL beaker

	Two 50 mL graduated cylinders
	One Styrofoam® cup


A.  REACTION BETWEEN HYPOCHLORITE AND THIOSULFATE IONS

The first experiment uses two common substances as the reactants: hypochlorite ion (OCl–), the active ingredient in household bleach, and thiosulfate ion (S2O32–), the active ingredient in a photographic “fixer” solution used to develop film. In the reaction, hypochlorite ions react with (oxidize) the thiosulfate ions according to the unbalanced and incomplete reaction equation below.

x OCl–  +   y S2O32–  →   products

It is possible to identify the coefficients, x and y, for the reactants, without knowing the products of the reaction. The process that you will use to determine the coefficients is called continuous variations. You will prepare a series of mixtures of the two reactants. Each mixture will have the same total volume and the same total number of moles of reactants. The reaction releases energy as heat (exothermic) and the mixture that generates the most heat will be the reaction that completely consumes both the hypochlorite and the thiosulfate ions. You will use this data to establish the coefficients, and therefore the molar relationships, for the reaction.

PROCEDURE


1.
Obtain and wear goggles.


2.
Prepare 250 mL of 0.50 M NaOCl by diluting commercial bleach. Determine the volume of commercial bleach (0.83 M) necessary to prepare this solution (M1V1 = M2V2). Add your calculated volume of commercial bleach to a clean 250 mL volumetric flask and fill (careful – don’t overshoot!) to the line with distilled water.
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3.
Prepare 250 mL of 0.50 M Na2S2O3. Determine the mass of solid Na2S2O3·5 H2O required to prepare this solution.  Add this mass to a clean 250 mL beaker along with 2.0 g of solid NaOH.  The hydroxide ion (OH–) is also a reactant but we will not determine its coefficient.  Add about 125 mL of distilled water to the beaker and stir until all the solid dissolves.  Once dissolved, carefully pour this solution into a clean 250 mL volumetric flask and fill to the line with distilled water. 

4.
Connect a Temperature Probe to Channel 1 of the Vernier computer interface. Connect the interface to the computer with the proper cable.


5.
Start the Logger Pro program on your computer. Open the file “09 Mole Ratio” from the Advanced Chemistry with Vernier folder.


6.
Measure out precisely 25.0 mL of the 0.50 M NaOCl solution. Pour this solution into a Styrofoam cup and nest the cup in a 250 mL beaker to help stabilize the cup (see Figure at the right).


7.
Immerse the tip of the Temperature Probe in the Styrofoam cup of NaOCl solution.


8.
Measure out precisely 25.0 mL of the 0.50 M Na2S2O3 solution. Note: Do not mix the two solutions yet.

9.
Click [image: image1.png]I Collect




 to begin data collection. Let the program gather and graph a few initial temperature readings, and then add the Na2S2O3 solution. Gently stir the reaction mixture with the Temperature Probe.


10.
Data collection will stop automatically after 3 minutes. You may click [image: image2.png]Stop




 to end data collection before three minutes have passed, if the temperature readings are no longer increasing. 


11.
Examine the graph to calculate and record the maximum temperature change. To determine the highest temperature, click the Statistics button, [image: image3.wmf]. The minimum and maximum temperatures are listed in the statistics box on the graph.

12.
WASTE COLLECTION:  Rinse the reaction mixture into your 1000 mL beaker.  After all experiments have been completed, pour this solution into the large plastic tub identified by your instructor.  This solution will be neutralized at the end of the lab by reaction with hydrochloric acid.

13.
Repeat the necessary steps to continue testing various ratios of the two solutions, keeping the total volume at 50.0 mL, until you have three measurements on either side of the ratio that produced the greatest temperature change.
DATA TABLE

	Volume OCl–
(mL)
	Volume S2O32– 
(mL)
	Temperature change (°C)

	25.0
	25.0
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


DATA ANALYSIS


1.
Determine the whole number mole ratio of the two reactants.
a. Disconnect the Vernier interface from the computer.

b. Open a new data file and create a table with “Volume of OCl–” as the independent variable and “Temp Change” as the dependent variable.  For the Linear Fit function to work properly (see step d), the data in this table must be arranged in order, (e.g. from small to large volumes of OCl–).
c. Also, to make the graphical display more useful, click anywhere on the graph, choose the Options menu, then Graph Options.  You should select “point protectors” and de-select “connect points”.
d. After completing the data table, drag the cursor across the linear region of the graph that precedes (to the left of) the maximum temperature.  Click the Linear Fit button. Do the same for the linear region that follows (to the right of) the maximum temperature.  Each region should encompass at least three data points.
e. Choose Interpolate from the Analyze menu.  Move the cursor to the volume reading where the linear fits intersect (where they both display the same temperature).
f. Determine the reactant volume ratio at the intersection point.
Reactant volume ratio = ______________________________

2.

Determine the moles of each reactant present at the intersection point.  Recall that moles of a given substance (A) can be calculated from volume and concentration data using the useful equation:  moles of A = (volume of solution A used)·(concentration of solution A)




Moles of OCl– present ​​​​​​​​​​​​​_________________________________



Moles of S2O32– present _________________________________



Mole ratio OCl–/ S2O32–  __________________________

3.
The molarities of the reactant solutions were equal in this experiment. Is this necessary, or even important, for the success of the experiment?


4.
Obtain the formulas of all reactants and products from your instructor.  With this information in hand, balance the overall chemical equation for the reaction between OCl– and S2O32–. Does the mole ratio you determined experimentally match the actual reaction equation’s coefficients for the two reactants? Explain, especially if your mole ratios do not match the coefficients.

B.  REACTION BETWEEN HYDROXIDE ION AND AN UNKNOWN ACID
The second experiment examines the general reaction between an acid and a base.  The hydroxide ion (OH–) reacts with acidic hydrogens, resulting in deprotonation or the net removal of H+ from the acid.  The products of the reaction are water and the ion Ax–.  
x OH–  +  HxA  →  x H2O  +  Ax–
Some acids, like HCl, are simple and contain only one acidic hydrogen.  Others, like citric acid – a common food additive – are more complex and can contain several acidic hydrogens. Your goal is to determine the number of acidic hydrogens in an unknown acid.  This reaction is exothermic and you will follow the course of the reaction and determine the molar relationships as you did in Part A.  Note:  by determining the coefficient x you will also determine the number of acidic hydrogens in your unknown acid (see the equation above).
PROCEDURE


1.
Obtain and wear goggles.


2.
Prepare 250 mL of 3.0 M NaOH by dissolving the appropriate amount of solid NaOH in distilled water. If you drop a pellet, clean it up immediately. Allow the final solution to come to room temperature. Cool in a room temperature water bath if necessary. Alternatively, you can prepare 250 mL of 3.0 M NaOH by diluting a 6.0 M solution.

3.
Prepare 250 mL of your unknown acid solution (what concentration do you need?).  If your unknown acid is a solid, obtain the molar mass from your instructor and determine the mass of solid required to make your desired concentration. If your unknown acid is a solution, adjust the concentration to that desired.

4.
Be sure to allow the resulting solutions (from steps 2 and 3) to come to room temperature before moving to the next step.

5.
Collect sufficient data points so that you can extract the molar relationship between hydroxide ion and your unknown acid.

6.
WASTE COLLECTION:  After each experiment, rinse the reaction mixture into your 1000 mL beaker. After completion of the experiment, determine the pH of the solution in the 1000 mL beaker using broad range pH paper. Solutions with pH between 5 and 8 can be safely disposed down the drain. If your solution is outside of this range, you will need to adjust the pH into this range before disposal.
DATA TABLE

	Volume OH–
(mL)
	Volume Acid 
(mL)
	Temperature change (°C)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Post-Lab for Stoichiometry #1

NAME: 










Section: 



Unknown Acid  __________________________


1.
Determine the volume ratio of the two reactants at the point where the linear fits intersect.



Volume ratio = _________________________

2.
Determine the moles of acid and moles of OH– present at the intersection point.  Use this information to determine the coefficient x.



Moles of OH– present ​​​​​​​​​​​​​_________________________________



Moles of acid present _________________________________



Mole ratio OH–/ acid  __________________________




Coefficient x __________


QUESTIONS


1.
If H3PO4(aq) and Ca(OH)2(aq) react completely, at what mole ratio will the maximum T occur?  Assume the lab method is used.



If the maximum T is obtained with 30.0 mL of 1.0 M H3PO4, how many moles of Ca(OH)2 must have been added?

2.

The stoichiometry of some reactions can be determined by using the continuous variation method and measuring the amount of insoluble product formed instead of T.  An example is provided by the following unbalanced equation:
AgNO3(aq)  +   Na2SO4(aq)   →   Ag2SO4(s)  +   NaNO3(aq)



What volume of 1.0 M Na2SO4 must be added to 30.0 mL of 1.0 M AgNO3 to yield the maximum amount of solid?



What mass of solid would result?  Assume Ag2SO4 is completely insoluble in water.

LAB PRACTICAL QUESTIONS


1.  Are any of the chemicals used today listed as possible unknowns on the LAB PRACTICAL assignment sheet?  If not, skip questions 2-4 this week.  If yes, proceed to question 2.

2.  Which chemicals used this week are possible unknowns?

3.  Do these chemicals have any unique characteristics that could be used to distinguish them


(a)  from chemicals in other groups?  Explain how.

(b) from other chemicals in the same group?  Explain how.
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