
And Now… Gas, Temperature and Pressure

So… there were these guys named Boyle and Charles… They determined the relationship between the pressure and volume of a gas and temperature and volume of a gas. If you combine Charles’s Law and Boyle’s Law you get something called the Ideal Gas Law states: PV=nRT, where P is pressure in atmospheres (atm), V is volume in mL, and T is temperature in Kelvin (K). For our purposes, n and R are not important… So we can say the PV (T or P&V are proportional to T. What does this mean???  

Gasses are made up of tiny particles. The particles are in constant motion and exert pressure when they strike the walls of their container. What would happen if the tiny gas particles stopped moving??? Is this Possible??? What temperature would we need to reach for this to happen??? Your task is design and carry out an experiment to allow you determine Absolute Zero. Some of the materials that you have available to you are temperature probe, a pressure sensor and an air sample in a stoppered flask. 

Where do you start??? Start like you did w/ the paper towel lab… Define the problem, find the variables, design the experiment (remember – this should read like instructions…), create your data tables….
MATERIALS

	CBL System
	2 utility clamps; 2 ring clamps

	TI Graphing Calculator
	slit stopper

	Vernier Temperature Probe
	125mL flask

	Vernier Pressure Sensor
	400mL & 600mL beakers

	2 Vernier adapter cables
	Ice

	2-hole stopper fitted with rigid plastic tube
	Bunsen burner & wire gauze

	2 ring stand and utility clamps
	Beaker tongs


PROCEDURE

FOR THE BATHS:

1.
Obtain and wear goggles and aprons.

HOT (while boiling water, do the room temp trial):
2.
Prepare a boiling-water bath. Put about 350mL of Amity Water® into a 400mL beaker and heat to boiling using setup from Mr.G.
2.5 When water is boiling, turn off flame, pour water into a 600mL beaker.

COLD:

3.
Prepare an ice-water bath. Put about 250mL of cold tap water into a 600mL beaker and add  ice up to 350mL. 

MIDDLE:

4.
Put about 350mL of water from tap into a 600mL beaker. 

ROOM TEMP:

5.
Put about 600mL of room temperature air into a 600mL beaker.

FOR DATA COLLECTION:

6.
Prepare the temperature probe and pressure sensor for data collection.

SYMBOL 183 \f "Symbol" \s 10 \h
Plug the temperature probe into an adapter cable in Channel 1 of the CBL. 

SYMBOL 183 \f "Symbol" \s 10 \h
Plug the pressure sensor into an adapter cable in Channel 2 of the CBL. A 30-45 cm piece of heavy-wall plastic tubing is already connected to the end opening of the 3-way valve of the pressure sensor, as shown in Figure 2.

SYMBOL 183 \f "Symbol" \s 10 \h
Connect the CBL System to the TI Graphing Calculator with the link cable using the port located on the bottom edge of each unit. Firmly press in the cable ends.

SYMBOL 183 \f "Symbol" \s 10 \h
Open the side arm of the pressure sensor valve to allow air to enter and exit.
SYMBOL 183 \f "Symbol" \s 10 \h
Insert a 2-hole stopper fitted with a glass tube into a 125-mL flask. Twist the stopper to ensure a tight fit. 
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Figure 2
7.
Turn on the CBL unit and the calculator. Press [image: image2.wmf]PRGM

 and select CHEMBIO. Press [image: image3.wmf]ENTER 

  then press [image: image4.wmf]ENTER 

 again to go to the MAIN MENU.

8.
Set up the calculator and CBL for a temperature probe and calibration (in °C), and a pressure sensor and calibration (in atmospheres).

SYMBOL 183 \f "Symbol" \s 10 \h
Select SET UP PROBES from the MAIN MENU.

SYMBOL 183 \f "Symbol" \s 10 \h
Enter “2” as the number of probes.

SYMBOL 183 \f "Symbol" \s 10 \h
Select TEMPERATURE from the SELECT PROBE menu.

SYMBOL 183 \f "Symbol" \s 10 \h
Enter “1” as the channel number.

SYMBOL 183 \f "Symbol" \s 10 \h
Select PRESSURE from the SELECT PROBE menu.

SYMBOL 183 \f "Symbol" \s 10 \h
Enter “2” as the channel number.

SYMBOL 183 \f "Symbol" \s 10 \h
Select USE STORED from the CALIBRATION menu.

SYMBOL 183 \f "Symbol" \s 10 \h
Select ATM from the PRESSURE UNITS menu.

9.
Set up the calculator and CBL for data collection.

SYMBOL 183 \f "Symbol" \s 10 \h
Select COLLECT DATA from the MAIN MENU.

SYMBOL 183 \f "Symbol" \s 10 \h
Select TRIGGER from the DATA COLLECTION menu.


10.
Collect pressure vs. temperature data for your gas sample.

SYMBOL 183 \f "Symbol" \s 10 \h
Place the flask into air bath. Make sure the entire flask is covered (see Figure 2). Stir.

SYMBOL 183 \f "Symbol" \s 10 \h
Place the temperature probe into the air bath.

SYMBOL 183 \f "Symbol" \s 10 \h
Monitor pressure and temperature on the CBL screen by pressing the [CH VIEW] button on the CBL. When “CH1” in the upper-left corner of the CBL screen blinks, the Channel 1 temperature (in °C) is displayed on the CBL. When you press [CH VIEW] again, “CH2” starts to blink—the Channel 2 pressure (in atm) is now displayed on the CBL. Continue to press [CH VIEW] to alternate between the two readings. 

SYMBOL 183 \f "Symbol" \s 10 \h
When the temperature and pressure readings displayed on the CBL screen have both stabilized, press [image: image5.wmf]TRIGGER 

 on the CBL to store the pressure-temperature data pair.


11.
Select MORE DATA on the TRIGGER menu. Repeat the Step 10 procedure using the boiling bath.

SYMBOL 183 \f "Symbol" \s 10 \h
Use a ring stand, utility clamp, and slit stopper to suspend the flask and temperature probe in the 600mL beaker (see Mr.G’s setup). 

SYMBOL 183 \f "Symbol" \s 10 \h
Using beaker tongs, pour the boiling water into the 600mL flask

SYMBOL 183 \f "Symbol" \s 10 \h
After the temperature probe has been in the boiling water for a few seconds stir, repeat Step 10.

SYMBOL 183 \f "Symbol" \s 10 \h
Remove the flask and the temperature probe after you have pressed 
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 and finished collecting data.


12.
Select MORE DATA on the TRIGGER menu. Repeat the Step 10 procedure using the tap water bath. 


13.
Select MORE DATA on the TRIGGER menu. Repeat the Step 10 procedure using the ice water bath.
14. Select Stop – Then press [image: image7.wmf]ENTER 


15. Press [image: image8.wmf]ENTER 

 again
16. Use the arrow keys to move the flashing “X” to each of the data points that you recorded. Record your data on your data sheet and on the computer. Round temperature to the nearest 0.1°C and pressure to the nearest 0.01 atm.
The poetry of Mr. Jones has inspired me…





There once was this guy named Boyle.


When his wife did cook beans he would toil.


His gut’s volume they say, 


Couldn’t handle the pressure that day.


And, the quality of air - he did foil…





-Mr.G – poet (with issues…)
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