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Experiment #1

Charles/Gay-Lussac’s Law
Purpose:  To determine the temperature versus volume relationship for air and CO2 and compare this with Charles/Gay-Lussac’s Law.  The procedure involves measuring volume changes in a gas as one varies the temperature using the apparatus below.
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The large cork has a taped hole

with a puncture in the tape.
Tygon tubing softens when it

warms up, so make sure all

the connections are snug!
The pinch clamp is on the end

of the tubing inside the drain.

The tubing should be doubled

over before clamping.

Fill the apparatus from the bottom

(backwards from the natural flow)

until all the bubbles are out.

Procedure:

1. Assemble the apparatus above that will be used to heat the gas.

2. Add just a small slug of mercury (<0.5 cm) to the tube.  (Why small?) Note:  Be careful – don’t expel the mercury too quickly or it will spill.  Hold the tube over a beaker while inserting the mercury.  WARNING: ALWAYS USE BULK MERCURY IN THE FUME HOOD.  Mercury vapors are toxic.  If you spill any of the liquid, please inform the instructor immediately.  Do not leave the mercury bottle uncapped at any time!

3. Tape the capillary tube to the thermometer so the bottom is at zero.  Use small pieces of tape that will not interfere with your ability to read the degree measurements; this is important.

4. Begin the gravity flow of water through the apparatus.  Be sure the tubing is below the water level.  You will have to prime it by pouring water into the tubing.  No air bubbles permitted!  Stop the flow once you have the bubbles out.  Refill the beaker if necessary.

5. Insert the thermometer/tube apparatus into the condenser.  Pay particular attention to the position of the thermometer.  You must be able to see the mercury slug and the thermometer’s mercury column, numbers, and degree marks.  Stopper both ends of the condenser and begin heating the water.  Use a stir bar to keep the water temperature uniform.  Add more hot water from the tap as necessary throughout the experiment.  Open the pinch clamp and allow a steady stream of water to flow through.

6. The tube will heat slowly, but as soon as the temperature begins to rise the length of air column will expand.  Stop the water flow and let the temperature and volume of air equilibrate (stabilize.) (Why is this necessary?)  Resume water flow.  The condenser must be horizontal for precise measurements.

7. Record both the temperature and length (in degrees) several times while the system is stable.  As the water in the condenser approaches its boiling point, small air bubbles may interfere with your measurements.  You are measuring from approximately 300C to near 1000C; cooling is too fast to permit 1000C.

8. Stop just before the water boils.  Turn off the hot plate and allow the whole apparatus to return to room temperature.

9. Record both the temperature and length (in degrees) several times while the system is cooling.

10. Drain the condenser and tubing into the sink.  Return all borrowed equipment.  Discard the mercury-containing capillary tube in the designated beaker.

Lab notebook hints: As you record the protocol in your own words in your pre-lab, answer the questions in parentheses.  Be sure to include safety information for mercury.

Lab report hints: Include the following in the indicated section.

1. Introduction.  What is Charles/Gay-Lussac’s Law?  Why is it important?

2. Discussion.  Discuss the reason for any unusual steps in the protocol.  Discuss errors inherent in the protocol, any mistakes made, and how they affect your data.  Do you data fit Charles/Gay-Lussac’s Law?  If not, speculate why.
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