 Name ________________________________

Gas Laws Demos

Instructions: In the lab you will find multiple demo stations. At each station there will be instructions. Please document all activities in your notebook under the lab activity heading. Your lab grade for today will be based on the calculations in your notebook and 2 graphs generated as part of the data analysis.
List of lab activities (please check them off as you complete them):

___ Diffusion of Gases (instructor demo)

___ “Throwing” air (instructor demo)

___ The Amazing bottle… (instructor demo)

___ Liquid Nitrogen (instructor demo)

___  Boyle’s Law

___ Charles’ Law

___ Ideal Gas Equation

___ Density of Gases

___ Crushing Soda Cans

___ Evacuation – “sucking up a balloon”
___ Methanol Combustion

___ Cartesian Diver

Boyle’s Law: P vs V, DATA ANALYSIS
The experiment that you just did established an important relationship between pressure and volume;

P*V = constant;

This relationship, along with others, resulted in the Ideal Gas Law (used in other activity).

- We can rearrange the above expression, P*V = constant, into the mathematical equation of a line (y=mx+b, where b=0, y=P, x=1/V, and m=slope=constant);
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EXCEL activity:

- Enter all data from table into Excel, include column headers.

- Make a new column “1/volume” and use Excel the “calculate” these values for you.

- Plot the pressure in atm (y-axis) vs the 1/volume (x-axis) and fit a trendline to the data (show equation on graph).

- Record the equation of the line in your notebook, add axes labels/title, and print the graph to be turn in today (remember each group member makes their own graph).

- So, what is the significance of the numerical value of the slope? Answer: the constant was determined to be equal to:
constant = n*R*T,

where n = moles of gas, “R” is the “gas constant”, and T is the temperature in Kelvin. Since you have determined a numerical value for the “constant” (= “slope” in your graph above), the temperature the data was collected was 298 K, and the number of moles gas in the syringe, when set to 10 ml, is approximately 4.09e-4 moles...you can calculate the “R” value. Do this now and record these calculations in your lab notebook.

The accepted value for R is 0.08206 (L•atm)/(mol•K); how close did you come? Calculate in your notebook the % difference from your value and the accepted value.

All analyses completed…MOVE TO NEXT STATION
Charles’ Law: P vs T, DATA ANALYSIS
The experiment that you just did established an important relationship between pressure and temperature.

P/T = constant;

This relationship, along with others, resulted in the Ideal Gas Law (used in other activity). The P/T data could be processed in order to determine the gas constant (R) (this was done in the Boyle’s Law data analysis) but instead we are going to use the data to help define the “absolute temperature” scale called Kelvin.
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EXCEL activity:

- Enter data from P/T table into Excel, include column headers. Use Excel to converted units of mmHg to atm.

- Plot the pressure in atm (y-axis) vs the temperature in (C (x-axis) and fit a trendline to the data (show equation on graph).

- Right-click on the trendline, choose “Format Trendline” then under the Trendline Options set the “forecast” - “backwards” to 350 units. This is done to visually note where the data crosses the temperature axis when the pressure is zero.

Record the equation of the line in your notebook, add axes labels/title, and print the graph to be turn in today (remember each group member makes their own graph).

The experiment that you just did was the origin of the Kelvin temperature scale. The conversion of degree Celsius (°C) to Kelvin (K) is done using the following equation: K = °C +273.15 The Kelvin scale is also referred to as the absolute temperature scale because it was proposed that at absolute zero temperature the pressure would also be zero.

Now write down the equation of your line in your notebook and then solve for the temperature when P=0.

This temperature value should be near -273 °C. These calculations are to be done in your lab notebook.

All analyses completed…MOVE TO NEXT STATION

Boyle’s Law: P vs V

In this activity you will investigate the relationship between pressure (P) and volume (V) by collecting a set of pressure data (measured) as a function of volume (set by you). At this station you will find a LabQuest® data acquisition system connected to a “gas pressure” sensor, and a 20 ml syringe.

PROCEDURE

Step 1: Enter “Boyle’s Law” heading into your lab notebook.

Step 2: Construct a table in your notebook as follows:

	Volume (ml)
	Volume (liters)
	Pressure

(atm)

	6
	
	

	8
	
	

	10
	
	

	12
	
	

	14
	
	

	16
	
	

	18
	
	

	20
	
	


Step 3: With the syringe disconnected from the gas pressure sensor, set volume of 10 ml.

Step 4: Now connect the syringe to the “gas pressure sensor” using the Luer lock fitting; male Luer lock is on the syringe and the female Luer lock is on the gas pressure sensor (DO NOT OVER TIGHTEN).

Step 5: Read the pressure displayed by the computer with the syringe at 10 ml. This value should be approximately 1 atmosphere (atm). Ask for assistance if not in units of atm.
Step 6: Now adjust the syringe volume as indicated in the table and record the corresponding pressure. Note that you will have to hold the syringe barrel at the desired volume to while your lab partner records the pressure.

Step 7: When all the data is collected you will now process the data…see below.

Now that you have collect all the required data, proceed with the data analysis outlined in the handout. Please note: each student will generate their own graph, ie. one computer per person.
(Refer to the Boyle’s Law: P vs V, Data Analysis page given out in pre-lab)
Charles’ Law: P vs T

In this activity you will investigate the relationship between pressure (P) and temperature (T) by collecting a set of pressure data (measured) as a function of temperature (set by you). At this station you will find a LabQuest® data acquisition system (connected to multiple temperature sensors and a pressure sensor), a round bottom flask with stopper and tubing, an ice bath, a hot water bath, and a room temperature bath.

PROCEDURE

Step 1: Enter “Charles’ Law: P vs T” heading into your lab notebook.

Step 2: Construct a table in your notebook as follows:

	
	Temperature (°C)
	Pressure

(mm Hg)


	Pressure

(atm)

Calculated*

	Room temp (
	
	
	

	Cold temp (
	
	#
	

	Hot temp (
	
	&
	




* 760 mm Hg = 1 atm



# this pressure will be less then room temp pressure value



& this number will be higher than room temp  pressure value

Step 3: Place the bulb into the room temperature bath. Completely submerse the round portion of the bulb while holding onto the neck of the flask; do not disconnect or change any fitting to the flask.

Step 4: Verify that the temperature sensor in the room temperature bath.

Step 5: With the flask in the room temperature bath, record the pressure in “mm Hg” and temperature. 
Step 6: Now move the flask and the temperature probe from the room temperature bath to the ice bath. The flask and the internal gas will take a minute to come to thermal equilibrium. Once the pressure has stabilized, record the pressure and temperature values in your table. Note the pressure will be lower at lower temperature, so the mm Hg measurement will be lower.
Step 7: Now move the flask and temperature probe from the ice bath to the hot water bath. Again, the flask and the internal gas will take a minute to come to thermal equilibrium. Once the pressure has stabilized, record the pressure and temperature values in your table. Note the pressure will be higher at higher temperature, so the mm Hg measurement will be higher.
Now that you have collect all the required data, proceed with the data analysis outlined in the handout. Please note: each student will generate their own graph, ie. one computer per person.
(Refer to the Charles’ Law: P vs T, Data Analysis page given out in pre-lab)
Ideal Gas Equation
At this station you will find one large 5 gallon bottle, one small bottle, a thermometer, some film canisters, baking soda, and vinegar. Your task is to determine the number of moles of gas inside the 5 gallon bottle, answers some related questions and then do one small experiment.

The moles of gas in a container can be determined using the ideal gas law:

PV = nRT

where
P = pressure


V = volume


n = number of moles of gas


R (gas constant) = 0.08206 (L•atm)/(mol•K)


T = Temperature

PROCEDURE 

Step 1: Enter “Ideal Gas Law” heading into your lab notebook.

Step 2: Write the ideal gas law in your notebook.

Step 3: We are interested in calculating the moles of gas (n). Rearrange, in your notebook, the ideal gas law equation so that the equation now reads “n = something.”

Step 4: Determine the values needed to calculate the moles (n) of gas is each container (big and small); show the calculation in your notebook (use P = 0.9818 atm and T=298 K). Note that units are VERY important; some unit conversion is required.

Step 5: Complete the following calculation in your notebook: If all the moles of gas in the 5 gallon bottle were placed in the small bottle, what would the pressure be inside the small bottle?

Step 6: Complete the following calculation in your notebook: If the moles of gas in the 5 gallon bottle were heated to the temperature of 75.0 °C, what would the pressure be inside the 5 gallon bottle?
Step 7: Consider what would happen if gas was generated inside of a confined volume? Let’s try this.

Baking soda (NaHCO3) + Vinegar (acetic acid) ( CO2 gas + other products


- add ~ 5 ml of vinegar to the canister,

- place ~1/2 tbsp of baking soda in a Kimwipe and make a small package by twisting the top. Cut off the excess Kimwipe,


- locate the “snap-on” cap for the canister,


- Quickly, drop the baking soda in the canister and snap the lib in place...set on bench top…and wait.

Step 8: Record your observations in your notebook…yes you can do the reaction again if you desire.

Step 9: PLEASE rinse the film canister and lid with water and wipe down the lab bench.

All analyses completed…MOVE TO NEXT STATION

Butane: liquid or gas?

In this activity you will consider the effect of pressure on the physical state of a gas. At this station you will find a beaker containing consumer products labeled “butane”, and a setup consisting of a common butane lighter that you will submersed in a 100 ml graduated cylinder containing water.
PROCEDURE

Step 1: Enter “Butane: liquid or gas?” heading into your lab notebook.
Step 2: Place the large rubber band around the trigger of the lighter so that the lighter is held in the “ON” position…do not strike the flint. You will have to “double-up” the rubber band to get enough strength to hold the trigger down.

Step 3: Submerse the lighter in the 100 ml graduated cylinder containing water…you should see bubbles.

Step 4: Draw this setup in your notebook.

Step 5: Optional: light the butane gas in the graduated cylinder on fire using a second lighter.

Step 6: Remove the lighter from the graduated cylinder; remove the rubber band from the lighter.

Step 5: Examine the containers of butane at the station and the lighter setup and contemplate the question; “Is butane a liquid or a gas?” Enter a short response in your notebook.
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Step 6: FACT: A chemical substance like butane can exist in the solid, liquid, or gas physical state. The physical state is dictated by the chemical composition of the substance AND the temperature and the pressure the substance is under. In chemistry we use the “phase diagram” (shown to the right) to describe the physical state of a substance.
Step 7: Write the following sentences in your lab notebook and fill in the blanks:

Butane can exist as a solid, liquid, or gas. When butane is stored in a common lighter (or in a refill container), butane is a ______ (solid, liquid, or gas). The pressure inside the container is ______ (greater than or less than) the current pressure in the room, which is ~ 1 atmosphere. We know this because butane at room pressure (~1 atm) and room temperature (~25 °C) exists as a ______ (solid, liquid, or gas). If we were to apply very high pressures to liquid butane it would turn into a ______ (solid, liquid, or gas). If I were to throw a butane lighter into a camp fire, the pressure inside the container would _______ (increase or decrease) resulting in the rupturing of the container and the butane would combust in an uncontrolled manner.

All analyses completed…MOVE TO NEXT STATION 

Density of Gases

At this station you will investigate the density of gases. You will find a small aquarium-like tank, two tea candles, a rubber stopper, a 150 ml beaker, a lighter, bubbles, and a cylinder of CO2 gas connected to tubing which feeds into the bottom of the tank. 
PROCEDURE

Step 1: Enter “Density of Gases” heading into your lab notebook.

Step 2: Step up the tank as shown in the diagram.
Step 3: Light the candles.
Step 4: Place the tube from the CO2 “generator” so that the open end is at the bottom of the tank.

Step 5: Make observations while CO2 gas is added to the tank. Remove the tube when both candles are extinguished.

Record in your notebook:

- What order did the candles extinguished?

- What can you say about the density of CO2 gas compared to air?
Step 6: Blow bubbles in the direction of the tank so that the bubble “land” in the tank. This is kind of tricky…keep trying. Once you “catch” a bubble in the tank, write your observations in your notebook.

Step 7: Remove the CO2 gas tubing, candles, and supports. Turn tank upside down the allow CO2 exit.

All analyses completed…MOVE TO NEXT STATION 

Crushing Aluminum Cans

In this activity you will experience the power of 1 atmosphere of pressure. At this station you will find an ice bath, several aluminum cans, and a hot plate (that is HOT).

PROCEDURE

Step 1: Enter “Crushing Aluminum Cans” heading into your lab notebook.

Step 2: Add to two cans, ~10 ml of water and place them on the hot plate.

Step 3: Describe the setup in your lab notebook.

Step 4: After ~ 2 minutes you will notice steam rising from the can. At this point, what is the gas inside of the can? Enter your answer into your notebook with a short restatement of this question.

Step 5: With the hot-mitt provided, quickly invert the can into the ice bath so that the opening is submersed under water. Record your observations and your explanation of the result in your notebook.

Step 6: Remove the can from the ice bath, drain the water, and place the can in the recycle bin.

All analyses completed…MOVE TO NEXT STATION 

Evacuation

In this activity you will observe the relationship between pressure (P) and volume (V). At this station you will find a large “bell jar” connected to a vacuum pump. Inside the bell jar is a small balloon.

PROCEDURE

Step 1: Enter “Evacuation” heading into your lab notebook.

Step 2: Verify that the valves connecting the vacuum pump to the bell jar are as in the picture to the right. Please note, you will not change Valve 2.

Step 3: Turn on the vacuum pump using the switch on the top left of the pump.

Step 4: Now rotate Valve 1 clockwise 90° (see diagram). The vacuum pump will now evacuate the bell jar. Make an observation in your notebook.

[image: image2.wmf]
Step 5: Once the balloon is approximately 5 inches in length, rotate Valve 1 clockwise 90° (see diagram). This action will isolate the bell jar and allow the pump to vent to the air.
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Step 6: Turn off the pump.

Step 7: Rotate Valve 1 clockwise 180° (see diagram). This action will allow the bell jar to return to atmospheric pressure. Make an observation in your notebook.
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Step 8: Record any final comments.

All analyses completed…MOVE TO NEXT STATION 

CO2 Measurement

In this activity you will measure to concentration of carbon dioxide (CO2) in the air using a CO2 sensor connected to a computer. At this station you will find a computer connected to the CO2 sensor that has been inserted into a 1/2 gallon plastic jar with a large white lid.

PROCEDURE

Step 1: Enter “CO2 Measurement” heading into your lab notebook.

Step 2: Click on the green “play” button icon in the icon menu at the top of the page (far right icon); this will start data collection. Note: you do not need to save the graph, only the CO2 values.
Step 3: Read the CO2 concentration off of the computer (see lower left corner). This value should be approximately 600-400 ppm (parts per million).

Step 4: Convert ppm to % (or pph = parts per hundred) in your notebook. Use the conversion below:
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which simplifies to:
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Step 5: Look on page 6 of Chemistry in Context and see how close your CO2 value is to the reported value? Make a note in your lab notebook and calculate the % difference.
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Step 6: Note that the book also shows the CO2 concentration (in %) of exhaled breath. Verify this value by first starting the computer acquisition (click “play”, erase and continue) then after 30 secs, insert the CO2 probe in the plastic jar, blow 3 breathes into the plastic jar, seat the white lid, and allow the value to stabilize (~2 mins).

Step 7: Record the CO2 concentration in ppm and convert this value to %. Report the percent difference in your measured value and the one reported in the Chemistry in Context book.

Step 8: PLEASE remove the CO2 probe from the plastic jar, uncap the plastic jar and turn it upside down.

All analyses completed…MOVE TO NEXT STATION 

Methanol Combustion

In this activity you will investigate the combustion of methanol gas. This demonstration was done for you in class…now it is your turn. At this station you will find a plastic bottle with two nails in the sides, a cork stopper, methanol, a 10 ml graduated cylinder, and a Tesla coil.

PROCEDURE

Step 1: Enter “Methanol Combustion” heading into your lab notebook.

Step 2: Acquire one “clean” bottle and nails; insert nails so as the tips are close but not touching.
Step 3: Measure 10 ml of methanol in the graduated cylinder and pour the methanol into the plastic bottle.

Step 4: WAIT 20 sec and then GENTLY seat the cork stopper in the bottle. If you push too hard on the stopper, the bottle will rupture…you don’t want this to happen.

Step 5: Plug in the Tesla coil.

Step 6: Turn the black knob on the back of the Tesla coil until you hear a “buzz.” At this point DO NOT set the Tesla coil down (or touch it to any surfaces)…set it down only after the black knob has been fully turned counter clockwise.

Step 7: Shout “fire in the hole” and then touch the Tesla coil to the one nail. This is cause the combustion to occur.

Step 8: TURN OFF THE TESLA COIL!

Step 9: Collect the stopper.

Step 10: Pour the unused methanol back into the 10 ml graduated cylinder and record the volume in your notebook. After measurement, you may pour this back into the Methanol bottle (usually not allowed). 

Step 10: Calculate the moles of methanol use in the experiment. Enter all calculations in your lab notebook. (Density of methanol is 0.791 g/ml).

Step 11: Pull the nails out of the plastic bottle and place nails and bottle in the USED BOTTLED tub.

All analyses completed…MOVE TO NEXT STATION 

Cartesian Diver

In this activity you will investigate the relationship between pressure (P) and volume (V) as these relate to buoyancy. At this station you will find a vertical glass tube filled with water and a “Cartesian diver.” There is an air-filled syringe connected to the top of the glass tube. This demonstration shows how pressure and volume where used by ancient cultures to submerse underwater.
PROCEDURE

Step 1: Enter “Cartesian Diver” heading into your lab notebook.

Step 2: Draw a diagram of the setup.
Step 3: SLOWLY push the air-filled syringe and observe the diver. Record your observations in your lab notebook. The diver should drop to the bottom of the glass tube. If this does not occur, disconnect the syringe from the tubing and reset the syringe volume a maximum.
Step 4: Try to keep the diver half way down the glass tube. While in the position look closely at the volume of the gas inside the diver as you gently change the syringe. What is the relationship between the volume of air in the diver and how deep the diver submerses? Record your observations using a diagram if desired.

All analyses completed…MOVE TO NEXT STATION

What is it…a nebulizer?

You will find a large cylindrical glass tank that has a “mistmaker®” with blue LED lights. The “mistmaker®” unit is connected to a high voltage transformer and this transformer is then plugged into the electrical outlet. There is also a “sheet” which is not to be read until told.

Step 1: Look carefully at this setup and draw it in your lab notebook.

Step 2: Make an initial statement in your notebook about what it is…in particular is the “mist” a gas?

Step 3: Turn over the “sheet” and read the introduction.

Step 4: Answer the following questions in your lab notebook:


Q1: What is a nebulizer?


Q2: What is this nebulizer used for?


Q3: What is the medical use of a nebulizer?


Q4: What type of nebulizer is this?


Q5: How large is an aerosol droplet used for medical treatment?

Step 5: Turn over the “sheet.”

All analyses completed…MOVE TO NEXT STATION

Soda anyone?

At this station you will find a 20 lb CO2 gas cylinder with a regulator to control the gas flow. Also you will find a smaller CO2 gas cylinder that is part of a commercially available “at-home” soda making machine.

Step 1: Explore the “Soda Club - Fountain Jet” system; draw in your notebook all of the parts.

Step 2: Connect the 1 L plastic bottle to the inlet using by twisting the bottle onto the inlet.

Step 3: Press the gray knob on the top of the unit to dispense CO2 into the bottle. The high pressure gas will force the CO2 to dissolve in the water. Keep pressing until you hear the pressure release value (loud!). If this water was cold it would have now been carbonated. Please note that the solubility of gases.
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 Now do that same thing with a “Carbonator” cap (blue) for a 2 L bottle.

Step 4: Fill the 2 L bottle up half way.

Step 5: Put the Carbonator cap on the 2 L bottle and then connect to the large CO2 tank. This is set to deliver 10 psi of CO2 pressure.

Step 6: Disconnect from the tank and shake hard; note that the CO2 dissolves into the water.

All analyses completed…MOVE TO NEXT STATION

Grading Sheet: Gas Laws

- Data collection/documentation (30 pts)
_____ pts

- Boyles Law graph (5 pts)
_____ pts

- Charles’ Law Graph (5 pts)
_____ pts

Total points (40 pts)
_____ pts

Instructors Notes

Charles’ Law: P vs T

	Temperature (°C)
	Pressure

(atm)

	0.2
	0.91

	18.6
	0.97

	42
	1.06
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