1-30 Molar Volume of A Gas

In previous experiments you have learned how to determine the masses of reactants and/or products in a chemical reaction. In this lab activity, you will determine the volume of a gas produced when a carefully measured quantity of magnesium is reacted with excess hydrochloric acid to produce magnesium chloride and hydrogen gas. Then, using mathematics, you will calculate the volume of hydrogen that would be produced if one mole of magnesium was reacted.

MATERIALS

Goggles





3.0 M HCL (hydrochloric acid)

Gas measuring tube (eudiometer),


Graduated cylinder, 1000 ml 


or buret





(1 per class) containing water


Ring stand with buret clamp



at room temperature

Magnesium, ribbon (Mg)



millimeter ruler

Beaker, 400 ml




Forceps

Rubber stopper, one-hole



Thermometer, -10 to 100°C

Thin copper wire or cotton thread


Graduated cylinder, 50 ml


10 to 15 cm long



Deionized water

OBJECTIVES

At the completion of this activity, you should be able to:

1. Demonstrate the ability to collect and measure the volume of a gas produced in a chemical reaction

2. Demonstrate the ability to determine the mass indirectly from a length measurement,

3. Compute the number of moles of reactant and product used or produced in a reaction.

4. Compute the partial pressure of a gas collected over water.

5. Apply the combined gas law to determine the volume that a gas will occupy if the conditions are changed to standard conditions (STP)

6. Apply the ideal gas law to compute the theoretical yield of a gas.

PROCEDURE

1. GOGGLES MUST BE WORN AT ALL TIMES.

2. Obtain a small of pre-cleaned magnesium ribbon. Use forceps to handle it in order to avoid contamination with finger oils. Measure its length to the nearest millimeter and record this length in the data table. Record the mass per meter of Mg which your teacher will provide.

3. Wrap a piece of copper wire or cotton thread around the Mg ribbon about 6 or 8 times so that it will remain in place during the reaction. Leave about 5 cm of the wire or the thread to serve as a handle.

4. Place about 200 ml of tap water at room temperature to the nearest 0.5°C in the data table.

5. Attach a gas measuring tube to a ring stand with a buret clamp. If your school uses burets instead of gas measuring tubes, your teacher will give you instructions concerning the measurements of the volume in the ungraduated part of the buret. Place 10-15 ml of 3.0 M HCl in the gas measuring tube. Add deionized water slowly to the gas measuring tube until it overflows slightly. The acid, being denser than the water, will remain at the bottom of the tube.

6. Place the wrapped magnesium ribbon in the top of the tube and insert the stopper so that the copper wire or thread handle is between the stopper and the glass. This procedure will cause some water to overflow and force out any air bubbles.

7. Place your finger over the hole in the stopper and invert the gas measuring tube by rotating the clamp. Place the stopper end into the beaker of water and release your finger from the hole. Make sure there is a small space between the stopper and the bottom of the beaker as in figure 1. Since the HCl is heavier than the water, it will sink to the bottom and react with the Mg. Note: If your Mg ribbon escapes from its binding, consult your teacher.

8. When the evolution of gas has ceased because all the Mg has reacted, tap the tube gently with your finger to dislodge any bubbles clinging to its sides.

9. Disconnect the clamp from the tube without removing the tube from the beaker. Place your finger into the beaker and over the hole in the stopper. Remove the tube and place it in the 1000 ml graduated cylinder, which is almost full of water, without allowing any air bubble to enter the tube. Raise and lower the tube until the level of water inside the tube is equal to the level of water outside the tube. This will equalize the pressures inside and outside the tube as in figure 2. Record the volume of gas to the nearest 0.02 ml.

10.  Record the atmospheric pressure, which your teacher will provide, in the data table.

11. Pour the contents of the beaker and the gas measuring tube into the sink and clean your glassware.

12. Repeat the experiment if time permits.
DATA TABLE







First Run 

Second Run

Length of Mg ribbon


____________mm
       ___________mm


Mass of Mg ribbon per meter

____________g/m
       ___________g/m


of ribbon


Temperature of water


____________°C
       ___________°C


Volume of H2 produced

____________ml
       ___________ml


Atmospheric pressure


____________mm Hg       ___________mm

ANALYSIS

1. Write and balance an equation for this reaction

2. Why was excess HCl used?

3. Compute the mass of the Mg reacted. Do this by converting the number of millimeters of Mg used to meters. Next, multiply the number of meters by the mass per meter of Mg.

4. Compute the number of moles of Mg used.
5. Examine your balanced equation in analysis 1. What is the molar ratio of Mg used to H2 produced?

Moles Mg used        =

Moles H2 produced  

6. How many moles of H2 gas would be theoretically produced from the number of moles of Mg used in analysis 4.

7. Apply the ideal gas law to compute the volume of H2 gas that should theoretically be produced at STP. HINT: Proper units must be used for all variables. Express your answer in liters.

8. Since the gas in the tube is a mixture of hydrogen and water vapor, you can compute the partial pressure of the hydrogen, Phydrogen, using the formula below. NOTE: Consult a reference to determine partial pressure of water vapor, Pwater, at the temperature of the water.
Phydrogen = P atmosphere – P water
9. Apply the combined gas in law to determine the volume that the H2 you collected would occupy at STP. NOTE: temperatures must be in Kelvin. Express your answer in liters.

P hydrogen x V measured =   P standard x V STP
T hydrogen                                      T standard

10. Compare the experimental volume at STP from Analysis 9 with the theoretical volume at STP from analysis 7. Do this by computing the percent difference using the following formula:

11.  Compute the volume of H2 you would have produced had you used one mole of Mg. Use this ratio and proportion mathematics in this formula.
12. One mole of any gas at STP occupies 22.4 liters. Account for any differences between this value and the answer you computed in analysis 11.

EXTINSION

1. How many liters of H2 could you produce by reacting 32.69 g of zinc metal with excess HCl if the gas is collected at STP and dried to remove water vapor?

2. How many liters of H2 could you produce by reacting 10.02 g of calcium metal with excess water if the gas is collected at STP and dried to remove water vapor?

3. How many liters of O2 could you produce by decomposing 122.55 g of KCl and O2 if the dry gas is collected at 27°C and 0.98 atmospheres of pressure? (HINT : Notice the coefficients in the balanced chemical equation.)
