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Stoichiometry #3
Gas Stoichiometry
Objective:  Determine the amount of product formed using gas displacement and the Ideal Gas law.
The reaction is the same as last week’s reaction except you will determine the volume of gas formed instead of the mass lost.
A. Reaction of NaHCO3 with HCl

1.
Obtain a dry 3-dram vial and tare the 3-dram vial.  Add between 0.50 g and 0.80 g of NaHCO3 to the vial (weigh accurately).  

2.
Obtain a tube and stopper assembly that fits your flasks properly.  Clamp the 500 mL Florence flask to a ring stand and fill it to the neck with water.  Add one complete Alka-Seltzer tablet plus half a tablet to the water and let it stand with the stopper out until the bubbling has stopped completely and the water is saturated with carbon dioxide.  Add the other half tablet to a 600 mL beaker containing about 100 mL of water.
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Put the 2-hole stopper of the tube and stopper assembly tightly into the Florence flask.  Put the end of the water delivery tube into the 600 mL beaker containing 100 mL of CO2 saturated water. Use an empty squeeze bottle to blow air into the 1-hole stopper end until the water delivery tube is completely filled with water (no bubbles should be left in the tubing) (Figure 1).  


Lift the beaker to siphon water back into the Florence flask (rising about halfway up the neck of the flask) and clamp the water delivery tube with a pinch clamp.

3.
Add 5.0 mL of 6 M HCl to the 250 mL Erlenmeyer flask.  Use your forceps to carefully lower the 3-dram vial and sample into the Erlenmeyer flask so that it stands up.  Put the 1-hole stopper tightly in place to seal the apparatus (Figure 2). 
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Figure 2  


4.
Adjust the pressure inside the apparatus to barometric pressure as follows.  Remove the pinch clamp.  Lift the beaker until the water surface in the beaker is level with that in the Florence flask, thus equalizing the gas pressure on the two surfaces (Figure 3). Clamp the water delivery tube with the pinch clamp.

Empty the water from the 600 mL beaker and put the end of the delivery tube back into it.  Remove the pinch clamp.  A small amount of water may flow out into the beaker; do not discard it.  (A steady flow of water into the beaker at this point indicates a leak in the apparatus.  In that case, tighten the stoppers and repeat the pressure equalization step.)
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Figure 3  


5.
Start the reaction by tipping the reaction flask somewhat to tip over the vial. The solid and HCl will come in contact and the reaction will commence (Figure 4).  The CO2 gas evolved should force water out of the Florence flask and into the 600 mL beaker.  Continue to gently rock the Erlenmeyer flask from side to side until the solid reacts completely and gas evolution ceases. 
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Figure 4  


6.
When the reaction is complete and no more gas is being evolved, equalize the pressures inside and out again by lifting the beaker or flask to get the two water surfaces at the same level and clamp the water delivery tube.   Read the water level on the beaker graduations to get a rough estimate of the volume delivered.  Record the approximate volume here. ______________  (Don't use this volume in your calculations, but only as a rough check on the volume of water displaced.  Beaker graduations have up to 5% error.) 


Measure the temperature of the water remaining in the apparatus and use this as the temperature of the CO2 gas. 


Weigh the beaker and contents on a top-loading balance and record the mass.  Empty the water from the beaker and determine the mass of the empty beaker.  Subtract to obtain the mass of water delivered.  Convert this to volume delivered, using the water density of 1.00 g/mL.  


CHEMICAL DISPOSAL:  The beaker contents may be safely flushed down the sink.  Pour the contents of the Erlenmeyer flask (reaction flask) into the large plastic tub provided by the instructor.  The contents of the tub will be neutralized by the instructor using sodium bicarbonate.
Data analysis
A. Calculate the theoretical yield (in liters of CO2) for your reaction.

B. Calculate the percent yield for your reaction. 

B. Carbonate Challenge: Reaction of an Assigned Carbonate with HCl

In this exercise, you will design and carry out a reaction that produces an assigned volume of CO2(g). You will react 2.0 M HCl(aq) with your assigned carbonate or bicarbonate in order to produce an assigned volume of CO2(g).

Assigned volume:____________________   Assigned solid: _____________________

1. Design an experiment (determine how much of each chemical to use) that will produce your assigned volume of CO2(g). 

2. When your experiment is ready, turn in your calculations and experimental design and perform the experiment for your instructor.

PROCEDURE:

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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