Name:___________________________
Chemistry Unit 13 – The Nature of Gases 
	Objective
	Learning Opportunities
	Suggested Due Date
	Date Completed

	13.1 Describe how the motion of gas particles causes pressure. Convert between units of pressure.

	· Read p. 385-389
· Podcast 9.1 KMT and Pressure
· Answer 1-2, pg 387 and 3-7
· Be The Molecule P, T, V Demonstration
· Properties of Gases Stations
	05/05
	

	13.2 Calculate Temperature, Pressure or Volume of a gas. Decide which gas law applies in a given situation.
	· Read p. 418 – 425
· Podcast 9.2 The Gas Laws for Changing Conditions
· PhET Simulation Gas Properties “Heat and Kinetic Molecular Theory Part 1”
· Answer #7 and 8, p. 419, #9 and 10, p. 421, #11 and 12 p. 423, #13 and 14, p. 424
· Boyle’s Law
· Charles’s Law
· Combined Gas Law
	05/08
	

	13.3 Apply the Ideal Gas Law to evaluate the conditions of a gas.
Differentiate between ideal and real gases.
	· Read p. 426 – 429 
· Podcast 9.3 The Ideal Gas Law
· Answer #24, p. 427 and #26, 28, and 29 p. 429
· Ideal Gas Practice Worksheet
	05/12
	

	13.4 Compare/contrast properties of matter in the three common states (Solid, Liquid, and Gas). Explain changes in states of matter.
	· Read p. 402 - 403
· Be The Molecule Boiling Point Demonstration
· Interpreting Graphics 13.4 Phase Diagram
	05/13
	

	Unit 13 Test
	· Unit 13 Review
· Unit 13 Test Analysis
	05/15
	

	BONUS
	· Tie Dye Lab
	05/16
	









Exploring Properties of Gases
At each station:
· Read the procedure carefully and make a prediction of what you think will happen.
· Perform the experiment.  Be sure to do ALL steps.
· Record your observations.  Be sure to include mass, volume, etc when appropriate.
· Put everything back the way you found it.
	Station Number
	Prediction
	Observations

	#1
Air in a Syringe 
	

	

	#2
Balloons in Hot and Cold Water 
	

	

	#3
Mass of a Balloon 
	

	

	#4
Balloon in a 2-Liter Bottle 
	

	

	#5
Empty Drinking Glass in Water 
	

	

	#6
Test Tube and Plastic 
	

	

	#7
Level of Water in a Test Tube
	

	

	#8
Little Hole in a Plastic Bottle
	

	

	#9
Hot Water in an Aluminum Can
	

	

	#10
Candle Water Level
	

	





Questions
1. Which of the previous activities suggest that air is composed of matter? Explain, using observational evidence to support your answer.


2. Which of the previous activities suggest that air exerts pressure?  Explain, using observational evidence to support your answer.


3. For any two activities in this investigation, 
a. describe your observations in detail.
b. explain the role of air in the activity.




4. Describe another personal activity or experience you have had that suggests that 
a. air is matter.
b. air exerts pressure.



Extra Credit:
5. Complete this investigation at home or in the school lunchroom:
Put one end of a straw in a glass of water. Hold another straw outside the glass. Place the ends of both straws in your mouth and try to drink the water through the straw in the glass.
a. Describe what you observed when you tried this investigation.


b. Based on your observations, what makes it possible to drink liquid through a straw?


Heat: Kinetic Molecular Theory Part 1
Learning Goals:  Describe heat in terms of the motions of molecules and atoms. Describe how the particle mass and temperature affects the model. Compare the size and speed of gas particles to everyday objects, and identify the differences and similarities between solid, liquid, and gas particle motion.

Procedures:  Go to http://www.colorado.edu/physics/phet.
1. Under “Chemistry,” open Gas Properties and then use the pump to put a little gas into the box. 
a.  What happens to the clump of particles in the box?


b.  Use the heat control box to increase the temperature in the box of gas.  What happens to the particles when you add heat?  When you remove it?  Try to make the particles stand still.  Why do you find it difficult?




c.  Reset the simulation.  Now pump in some blue (heavier) particles, and add some red (lighter) particles by clicking on the “light species” button.  Describe the similarities and differences that you see between heavy and light particles.



d. Write a description for your model of a heated gas based on your observations. Include diagrams to help with your description.  


2. Summarize the behavior of gases as observed in this simulation. 


3.  Now open a new simulation, Microwaves, which is found under the “Light & Radiation” section.  You will study how a microwave heats your coffee.  Click on the “coffee” tab at the top of the screen: you are now studying a liquid.  Compare and contrast the behavior of the particles in the two simulations.  You should find a few differences.




4.  How do you think particles in a solid behave when heated?  Come up with a theory of particle motion within a heated solid.  Draw diagrams to help your explanation.
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Ideal Gas Law Practice Worksheet
Solve the following problems using the ideal gas law:
1) How many moles of gas does it take to occupy 120 liters at a pressure of 2.3 atmospheres and a temperature of 340K?


2) If I have a 50 liter container that holds 45 moles of a gas at a temperature of 2000 C, what is the pressure inside the container?


3) It is not safe to put aerosol canisters in a campfire, because the pressure inside the canisters gets very high and they can explode. If I have a 1.0 liter canister that holds 2 moles of gas, and the campfire temperature is 14000 C, what is the pressure inside the canister?


4) How many moles of gas in a 30 liter scuba canister if the temperature of the canister is 300K and the pressure is 200 atm?


5) I have a balloon that can hold 100 liters of air. If I blow up this balloon  with 3 moles of oxygen gas at a pressure of 1 atm, what is the temperature of the balloon?


Practice with PV=nRT
6) Calculate the volume of 20.5g of NH3 at 0.658 atm and 25.00 C.



7) Calculate the volume of a 359g of CH3CH3 at 0.658 atm and 750 C.


8) A 2.00L container is place in a constant temperature bath and is filled with 3.05g of CH3OH. The pressure stabilizes at 800mmHg. What is the temperature of the water bath?


9) How many grams of O2 are needed to fill a 2.50L container at 104.7kPa at 250 C? 



10) What is the pressure of SF6 when 3.75 mol of this gas are placed in a 150ml container at 500C


11) A 2.00L container holds 4.00 mol of O2 and 2.70 mol He at 293K. What is the partial pressure of the O2? Of He? What is the total pressure of the system? 



Gas Law Lab: Determine the Gas Constant, R
When Boyle’s Law (relating pressure to volume) and Charles’ Law (relating temperature to volume) are combined, the resulting equation PV=nRT contains a constant of proportionality designated by R. This equation is for ideal gases, but most real gases under ordinary conditions conform quite well to ideality. The units of R depend on the units of the other quantities in the equation, but one useful R value is R = 0.082056 liter atm/mole Kelvin. To use this value the volume must be in liters, the pressure in atmospheres and the temperature in Kelvin.In this experiment you will use the reaction: Mg + 2HCl → MgCl2 + H2 (g) and its stoichiometry to determine the quantity (number of moles) of hydrogen. This value along with measurements of the volume, pressure and temperature allows R to be calculated and compared with the accepted value. The hydrogen gas will be collected over water, so the pressure of the gas must be adjusted to discount the pressure due to the water vapor, i.e., Phydrogen = Ptotal - Pwater .  If the levels of water in your test tube and the water bath cannot be equalized the weight of the water column pulls downward on the gas trapped in the buret, reducing the gas pressure by the “hydrostatic” pressure of the water column. So the Phydrostatic must also be subtracted, i.e. Phydrogen = Ptotal –Pwater -Phydrostatic .  Once the number of moles of Hydrogen, n, is known from stoichiometry, the pressure of hydrogen is calculated as above using Dalton’s Law of Partial Pressures, the temperature and volume of hydrogen will be measured so that the only value in the Ideal Gas Law equation that is unknown will be R, the gas constant. By rearranging the equation, you will obtain the value for R and compare it to 0.0821 Latm/molK.
Procedures: 
1. Fill a water tub about half full with tap water to serve as your water bath. 
2. Fill one of your test tubes all the way to the top with water, make sure there is NO AIR SPACE and invert upside down in the water bath. Check for bubbles.
3. Accurately weigh 0.07 g of magnesium and record the exact mass in your data table.
4. [image: ]Measure 10 mL of 6M hydrochloric acid and pour it in the second test tube. Hydrostatic 
Difference
You will use a test tube rather than a beaker as shown in this set up

5. Assemble the rubber tubing, glass tubing, and rubber stopper so that the two test tubes can be connected once the reaction begins. The free end of the rubber tubing should be inside the test tube that is filled with water.Mg

6. Make sure the person holding the test tube with acid has a thermal glove on. Drop the magnesium into the test tube with the hydrochloric acid and immediately cap with the rubber stopper. The gas will travel from this test tube to the other and displace the water.
7. As the reaction progresses, take the temperature of the water bath with the thermometer and record this in your data table.
8. Once the reaction is entirely complete, mark the water level in the test tube with a wax pencil or expo marker. If the gas entirely filled your test tube and bubbled out, you will have to start over and use a little less magnesium.
9. Measure the distance from the mark on your test tube to the surface of the water bath in mm using your ruler. Record this in your data table under hydrostatic difference.
10. Carefully take the test tube out of the water bath and ignite the gas with a glowing splint to confirm its identity as hydrogen gas, which burns quickly with a popping sound.
11. Record the atmospheric pressure from the NOAA website into your data table.
12. Read the water pressure from the reference table provided below.
13. To measure the volume of gas produced in this reaction, fill your test tube to the mark with water. Pour this water into a graduated cylinder and record the volume in your data table. This is the volume of hydrogen gas.
14. Pour the acid into the appropriate waste container in the hood labeled “Acid Waste”. Clean up your area and return your supplies neatly to the counter.
Pre-Lab Questions: Answer Questions 1-3 in the “Variables” Sections, then copy questions 4-6 into your lab notebook and answer each one thoughtfully and thoroughly, showing work and units where appropriate.
1. What are the values that you will measure directly during this lab? **These are considered constants because you are going to adjust for each of them in your calculations.
2. What value will you calculate at the end? **The calculated value is your dependent variable**
3. What factor will have the MOST direct influence on the amount of hydrogen produced in the reaction? **This is your independent variable**
4. For a party, you need to fill 100 balloons with a capacity of 5.0 L each with helium. The barometer reading for the day is 740 mmHg and the temperature is 27 oC. Under what pressure would this gas be if it were bought in a 20.0 L cylinder at 20 oC?
5. Define STP
6. Propane gas, C3H8 , is collected over water at 30.0 °C. The atmospheric pressure on that day was recorded at 0.986 atm. of pressure. What is the partial pressure of the propane gas if at 30.0 °C the vapor pressure of water is 31.824 torr?
Data
	Experimental Data
	Trial One
	Trial Two
	Trial Three
	Average

	Temperature of Water Bath (C)

	
	
	
	

	Hydrostatic Difference (mm of water)

	
	
	
	

	Atmospheric Pressure (kPa)

	
	
	
	

	Water Pressure (Pa)

	
	
	
	

	Volume of Gas (mL)

	
	
	
	


Data Analysis:
1. Use a t-table to convert the mass of magnesium to moles of Hydrogen.

2. Convert your measured temperature of the water bath to Kelvin.

3. Calculate the pressure of the hydrogen gas:
a. Phydrostatic = Hydrostatic difference (mm)÷ 13.6 (density of Hg)
** note the units from hydrostatic pressure are in mmHg. You will need to convert ALL pressures to atm.**

b. PH2O read from table below and convert to atm.


c. Patm= use current weather data (up-to-date info from NOAA) and convert to atm.


d. Phydrogen = Patmospheric –Pwater -Phydrostatic .  
4. Convert Volume of H2 gas to from milliliters to liters.

5. Calculate the value of R using the ideal gas law.


6. Calculate your percent error based on the published value for the universal gas constant. 






Temperature and Water Pressure
	Temperature (oC)
	Pressure, (Pa)
	Temperature (oC)
	Pressure (Pa)

	15
	1705.6
	23
	2810.4

	16
	1818.5
	24
	2985.0

	17
	1938.0
	25
	3169.0

	18
	2064.4
	26
	3362.9

	19
	2197.8
	27
	3567.0

	20
	2338.8
	28
	3781.8

	21
	2487.7
	29
	4007.8

	22
	2633.7
	30
	4245.5



Post-Lab Questions – Please write your answers using complete sentences and thoughtful, thorough explanations.
1. If there was a bubble trapped in the water-filled test tube before the reaction began, how would this affect your % error?

2. The rubber stopper accidentally popped off during the reaction and whacked your lab partner in the eye and he was badly injured. 
a. how could this safety disaster be avoided?



b. how did this error affect your % error?

3. During the reaction, the rubber hose slipped out from under the water-filled tube and bubbles of hydrogen escaped into the water bath. Is your calculated R-value too large, too small, or unaffected by this error?


4. Your thermometer was not calibrated correctly and every temperature reading was 4oC too high. How might this affect your % error?


5. Your lab team skipped a step and forgot to measure the hydrostatic difference with your ruler. 
a. How does this change your calculated value for the pressure of hydrogen?


b. How does this change your calculated value for the ideal gas constant, R?


c. How does this affect your % error?
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Unit 13 Review – The Nature of Gases
Answer the following questions before completing the Unit 13 Test.
1.  Explain in detail the kinetic theory.  What happens to the PARTICLES when substances gain or lose kinetic energy?



2. What is the SI unit of pressure?
3.  Explain how atmospheric pressure differs at various altitude levels?

4.  What is the cause of gas pressure in a closed container?

5.  Explain the relationship between intermolecular forces and solids, liquids, and gases. In which are the forces strongest? Weakest?

6.  Describe what happens CHEMICALLY when you boil water on the stove (4 steps).



7.   Define both the critical point and the triple point.

Define the following terms, write the formula, and give an example of how this law is exhibited in real life situations: 
8. Boyle’s Law

9. Charles’ Law

10. Gay-Lussac’s Law

11. Ideal Gas Law

12. Partial Pressure

13. Dalton’s Law
Define the following terms:
14. Evaporation

15. Vaporization

16. Melting Point	

17. Sublimation

18. Condensation
Please refer to the diagram to the right to answer the following questions.  
19. [image: phasediagram.gif]Which state of matter exists in region A?

20. Which state of matter exists in region B?

21. Which state of matter exists in region C?

22. What is the pressure and temperature at the triple point?

23. At a constant pressure of 300 atm, this substance is heated from 25 oC to 75 oC. What phase change is occurring?

24. At a constant temperature of 20 oC, the pressure is increased from 1 atm to 10atm. What phase change is occurring?


25. A gas at a pressure of 101.3 kPa has a volume of 145 mL at constant temperature. What will the new volume be if the pressure is increased to 120.3 kPa? 


26. The pressure of a gas is 15 atm at a temperature of 50 oC with constant volume. What will the new pressure be if the temperature is increased to 70 oC? 



27.  A gas has a pressure of 1500 mmHg, a volume of 150mL and a temperature of 250 K. What will the temperature be if the pressure is decreased to 1430 mmHg and the volume is increased to 210 mL? 


28.  A balloon is filled with 30 g of CO2 at 104.2 kPa and a temperature of 30 oC. What is the volume of this balloon? 
[bookmark: _GoBack]
Unit 13 Test – Gases
Evaluating Your Test Results 
· Please have this page with you when you ask your teacher to type in the password for your test. You may write your scratchwork for the test on the back of this page. 
· For each question, decide whether you feel confident in your answer or are unsure about it and mark the corresponding box.
· After your test has been graded, review each question and decide “What helped the most?” for questions you answered correctly and “Error Category” for questions you got wrong. Test corrections must be done before attempting a retake.
	Problem #
	Learning Target
	Confident
	Unsure
	Right
	What helped the most?
	Wrong
	Error Category

	1
	6.5
	
	
	
	
	
	

	2
	5.3/5.5
	
	
	
	
	
	

	3a
	7.4
	
	
	
	
	
	

	3a
	7.3
	
	
	
	
	
	

	3b
	7.5
	
	
	
	
	
	

	3b
	8.1
	
	
	
	
	
	

	3b
	8.2
	
	
	
	
	
	

	3b
	8.3
	
	
	
	
	
	

	3c
	8.3
	
	
	
	
	
	

	Throughout
	Units and Sig-Figs
	
	
	
	
	
	


Analyzing My Results: 
After your test has been corrected, identify which problems you got right and which you got wrong by putting X's in the "Right" and "Wrong" columns. Of the problems you got wrong, decide which ones were due to simple mistakes and mark the "Simple Mistake" column. For all of the remaining wrong answers, mark the "Don't Get It" column.
	Learning Targets #
	Description of Learning Target

	5.3/5.5
	Write Names and Formulas of Ionic and Covalent Compounds

	6.5
	Identify molar ratios to determine empirical and molecular formulas

	7.3
	Balance chemical equations.

	7.4
	Predict the products of chemical reactions. 

	7.5
	Predict solubility in double replacement reactions

	8.1
	Translate balanced equations into mole to mole relationships

	8.2
	Interpret molar relationships as amounts in grams, molecules, or liters

	8.3
	Determine the limiting reagent and percent yield.



What Helped the Most: For each question you answered correctly: Why of the following do you think helped you to answer the question correctly? Include all the apply
a. 


18

b. Previewed the assigned reading material before coming to class
c. Attended all classes
d. Reviewed last class’s notes before the next class
e. Rewrote the notes
f. Integrated the class notes with the text book
g. Organized basic concepts using charts, lists, outlines, tables, graphic organizers, etc
h. Self-tested on material to be covered on the exam
i. Practiced explaining or “teaching” concepts to a friend/ studied with friends
j. Got extra help from the instructor or tutoring session
k. Studied material regularly instead of waiting til the last minute or not studying at all
l. Ate healthy prior to the exam
m. Got plenty of sleep the night before the exam



Error Categories
Type One Error: Known as the “D’oh!”
Type Two Error: Something about the question
Type Three Error: I don’t know it

Test Corrections
For each question you missed on the test:
1. Restate the question and the correct answer.
2. List the incorrect answers and explain why they cannot be correct (if multiple choice)
3. Explain why you missed the question
a. Misread the question or didn’t understand what it was asking
b. Used incorrect logic
c. Didn’t know enough about it to answer correctl



Write your scratchwork for your test here:
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