Name: _______________________________________________       Period: _________
GAS LAWS
Pre-AP 2013
Dalton’s Law, Graham’s Law, Ideal Gas Law, Combined Gas Law, Manometers

EVERY DAY you need to bring your calculator and unit conversion chart! 
	
	In Class 
	Homework 

	Tues/Wed
	
	

	Thurs/Fri
	
	

	Mon/Tues
	
	

	Wed/Thurs
	
	

	Fri/Mon
	
	


*Fill in the schedule and assignments every day in class as we progress. Be flexible!
QUICK REFERENCE:

STP = standard temperature and pressure, ______oC and ______ atm

R = universal gas constant, ________________

K = Kelvin, oC + 273
Unless otherwise stated, assume ‘room temperature’ is ____________

Pressure and Gases

What’s your Pressure? (Foot Pressure Lab – to be done in the lab notebook)

Trace the outline of your shoe on the graph paper. A teammate can help.

1. Calculate your pressure in psi. [Hint: what information would you need to calculate psi?]

2. Convert it to atm.

3. Convert it to kPa.

4. If the average foot pressure of a teen is 25 kPa, calculate percent error.
What is pressure? Give an equation. How do gases exert a pressure?
What are all the different units of pressure?

1. What is the current barometric pressure in your home zipcode (look online: www.weather.com)? _____________

a. Convert this pressure into millimeters of mercury (mmHg).

b. Convert this pressure into atm

c. Convert this pressure into kPa

2. Measure the air pressure in your (or your parents’) tires. If you don’t have a guage, just note the max pressure._______

a. Convert this pressure into mmHg

b. Convert this pressure into atm

c. Convert this pressure into kPa

3. A leprechaun leaves his pot of gold on Mr. Kane’s desk. If the pressure is 7x103 psi, and there are 2.408 x 1024 gold atoms in the pot, what is the area of the base of the pot of gold?

4. The behavior of gases is governed by The Kinetic Molecular Theory of Matter
Gas particles do not ____________________ or ___________________ each other.

Gas particles have little to no ___________________ 

Gas particles are in ____________________, ___________________ motion.

No _______________   ________________ is lost when gas particles collide.

All gases have the same kinetic energy at a given ___________________________.
Combined Gas Law


Solve the following problems.

	1. A sample of nitrogen occupies a volume of 250 mL at 25°C. What volume (in mL) will it occupy at 95°C?



	2. A sample of oxygen gas occupies a volume of 250 mL at 740 torr pressure. What volume (in mL) will it occupy at 800. torr pressure?



	3. Hydrogen gas was cooled from 150°C to 50°C. Its new volume is 75 mL. What was the original volume (in mL)?



	4. Fluorine gas exerts a pressure of 900. torr. When the pressure is changed to 1.50 atm, its volume is 250 mL. What was the original volume (in mL)?



	5. A sample of argon gas is cooled and its volume went from 380 mL to 250 mL. If its final temperature was -55°C, what was its original temperature (in degrees Celsius)?


	6. Helium occupies a volume of 3.8 liters at -45°C. What volume (in L) will it occupy at 45°C?



	7. Ammonia gas occupies a volume of 450 mL at a pressure of 720 mmHg. What volume (in mL) will it occupy at standard pressure?



	8. Chlorine gas occupies a volume of 1.2 liters at 720 torr pressure. What volume (in L) will it occupy at 1.0 atm pressure?



	9. Oxygen gas is at a temperature of 40°C when it occupies a volume of 2.3 liters. To what temperature (in K) should it be raised to occupy a volume of 6.5 liters?



	10. What is the pressure after a gas sample at STP is heated to room temperature?




Combined Gas Law 


	11. Suppose we have a sample of ammonia gas with a volume of 3.5 L at a pressure of 1.68 atm. The gas is compressed to a volume of 1.35 L at a constant temperature. What is the result of this change?



	12. A sample of diborane gas, a substance that bursts into flames when exposed to air, has a pressure of 345 torr at a temperature of -15°C and a volume of 3.48 L. If conditions are changed so that the temperature is 36°C and the pressure is 468 torr, what will be the volume of the sample?



	13. A sample containing 0.35 mol of argon gas at a temperature of 13°C and a pressure of 568 torr is heated to 56°C and a pressure of 897 torr. Calculate the change in volume that occurs.



	14. Calcium oxide is produces by the thermal decomposition of calcium carbonate. Carbon dioxide, the other product, is isolated and contained in a 2.50 L flask at 35°C. What is the pressure within the flask if 152 g of calcium carbonate are decomposed.



	15. A sample of methane gas having a volume of 2.80 L at 25°C and 1.65 atm was mixed with a sample of oxygen gas having a volume of 35.0 L at 31°C and 1.25 atm. The mixture was ignited to form carbon dioxide and water. Calculate the volume of carbon dioxide formed at a pressure of 2.50 atm and a temperature of 125°C.



	16. The density of gas was measured at 1.50 atm and 27°C and found to be 1.95 g/L. Calculate the molecular weight of the gas.



	17. Mixtures of helium and oxygen are used in scuba diving tanks to prevent the bends.  For a particular dive, 46 L of oxygen gas at 25°C and 1.0 atm was pumped along with 12 L of He at 25°C and 1.0 atm into a tank with a volume of 5.0 L. Calculate the partial pressure of each gas and the total pressure of the tank at 25°C.



	18. The partial pressure of oxygen in air was observed to be 156 torr when the atmospheric pressure was 743 torr. Calculate the mole fraction of oxygen gas present.



	19. The mole fraction of nitrogen in the air is 0.7808. Calculate the partial pressure of nitrogen gas in air when the atmospheric pressure is 760 torr. 


	20. A sample of solid potassium chlorate was heated in a test tube and decomposed. The oxygen produced was collected by displacement of water at 22°C at a total pressure of 754 torr. The volume of gas collected was 0.65 L, and the vapor pressure of water at 22°C is 21 torr.  Calculate the partial pressure of oxygen gas in the gas collected and the mass of potassium chlorate in the sample that was decomposed.


Dalton’s Law of Partial Pressures

Dalton’s Law says that the sum pf the individual pressures of all the gases that make up a mixture is equal to the total pressure or: PT = P1 + P2 + P3 + . . .  The partial pressure of each has is equal to the mole fraction of each gas x total pressure.


Solve the following problems.

	1. A sample of oxygen is collected over water at 25°C and 760.0 torr pressure.  What is the pressure of the dry gas alone? (Vapor pressure of water at 25°C = 23.8 torr)

                                                                                                                                     ----------------------------(A=736.2)

	2. A mixture of gases, A and B, is found to have a total pressure of 4.2 atm. If there are 1.5 moles of A and 1.75 moles of B, calculate the pressure of gas A.
Calculate the pressure of gas B twice, using both equations from the box above.



	3. The partial pressure of F2 in a mixture of gases where the total pressure is 1.00 atm is 300 torr.  What is the mole fraction of F2?

                                                                                                                                   -----------------------------(A=0.4)

	4. A mixture of 2.00 moles of H2, 3.00 moles of NH3, 4.00 moles of CO2, and 5.00 moles of N2 exerts a pressure of 800.0 torr.  What is the partial pressure of each gas?

                                                                                                                                     ---------------------------(A=170torr NH3)

	5. A 54.0 mL sample of oxygen is collected over water at 23 °C and 770.0 torr pressure. Calculate the pressure of the oxygen gas. (Vapor pressure of water at 23°C = 21.1 torr)
6. If the sample of oxygen in #5 has its pressure and temperature changed to STP, what is the new volume of the gas? 

                                                                                                                                  ------------------------------(A=49mL)

	7. A 32.0 mL sample of hydrogen is collected over water at 20.0 °C and 750.0 torr pressure. What is the volume of the dry gas at STP? (Vapor pressure of water at 20.0°C = 17.5 torr)

                                                                                                                                  --------------------------------


Graham’s Law of Effusion

Graham’s Law says that a gas will effuse at a rate that is inversely proportional to the square root of its molecular mass, MM.  Expressed mathematically:


Solve the following problems.

	1. Under the same conditions of temperature and pressure, how many times faster will hydrogen effuse compared to carbon dioxide?

                                                                                                                                 ----------------------------(A=H2 is 4.7x faster)

	2. If the carbon dioxide in Problem 1 takes 32 sec to effuse, how long will the hydrogen take?

                                                                                                                                   -----------------------------(A=6.9sec)

	3. What is the relative rate of diffusion of NH3 compared to He? Does NH3 effuse faster or slower than He? Justify your answer.
                                                                                                                                  ---------------------------(A=He is 2.1xfaster)

	4. If the He in Problem 3 takes 20 sec to effuse, how long will NH3 take?

                                                                                                                                  ------------------------------(A=41sec)

	5. An unknown gas effuses 0.25 times as fast as He.  What is the molecular mass of the unknown gas?

                                                                                                                                  --------------------------------(A=64)


Ideal Gas Law


	1. How many moles of oxygen will occupy a volume of 2.5 liters at 1.2 atm and 25°C?



	2. What volume will 2.0 moles of nitrogen occupy at 720 torr and 20.0 °C?



	3. What pressure will be exerted by 25 g of CO2 at a temperature of 25°C and a volume of 500.0 mL?



	4. At what temperature will 5.00 g of Cl2 exert a pressure of 900.0 torr at a volume of 750.0 mL?



	5. What is the density of NH3 at 800 torr and 25°C?



	6. If the density of a gas is 1.2 g/L at 745 torr and 20.0 °C, what is its molecular mass?



	7. How many moles of nitrogen gas will occupy a volume of 347 mL at 6680 torr and 27°C?



	8. What volume will 1.0 pound of hydrogen occupy at 1.05 atm and 25°C?



	9. Find the number of grams of CO2 that exert a pressure of 785 torr at a volume of 32.5 L and a temperature of 32°C.



	10. An elemental gas has a mass of 10.3 g. If the volume is 58.4 L and the pressure is 758 torr at a temperature of 2.5°C, what is the gas?




Low Down, Dirty, and PV=nRTed!

	1. An aerosol can contains 400 mL of compressed gas at 5.20 atm. When all the gas is sprayed into a large plastic bag, the bag inflates to a volume of 2.14 L. What is the pressure of the gas inside the plastic bag? A=0.972


	2. A balloon is filled with a volume of 700 mL at a temperature of 20.0°C. The balloon is then cooled at constant pressure to a temperature of 100 K. What is the final volume of the balloon? A=239mL


	3. Suppose two 200.0 L tanks are to be filled separately with the gases helium and hydrogen. What mass of each gas is needed to produce a pressure of 135 atm in its respective tank at 24°C? A=4429gHe, 2214gH2


	4. Hypothetically, a person swallows a drop of liquid oxygen. Liquid oxygen has a density of 1.1499 g/L. Assuming the drop has a volume of 0.050 mL, what volume of gas will be produced in the person’s stomach at body temperature (37°C) and a pressure of 1 atm? A=0.0457mL


	5. A particular balloon is designed by its manufacturer to be inflated to a volume of no more than 2.5 L. If the balloon is filled with 2.0 L of helium at sea level, is released, and rises to an altitude at which the atmospheric pressure is only 500 mmHg, will the balloon burst? (assume the temperature is constant) A=3.04L, it will burst


	6. A bicycle tire is filled with a pressure of 770 kPa at a temperature of 19oC. Riding the bike on asphalt on a hot day increases the temperature of the tire to 58oC. The volume of the tire increases by 4.0%. What is the new pressure in the bicycle tire? A=839 kPa


	7. A compressed gas cylinder contains 1,000. g of argon. The pressure inside the cylinder is 2000 kPa at a temperature of 18oC. How many grams of gas remain in the cylinder if the gas is releases such that the pressure drops to 650 kPa at a temperature 26oC? A=316g


	8. Concentrated hydrogen peroxide solution decomposes by the following reaction: 2H2O2 ( O2 + 2H2O  
What volume of pure oxygen, collected at 27oC and 746 torr, would be generated by the decomposition of 125 g of hydrogen peroxide? Ignore any water vapor formed. A=46.1L


	9. Hydrogen gas can be prepared in the following manner: Fe (s) + H2SO4 ( FeSO4 + H2
The volume of a balloon filled with this gas is 2.0x104 L. What mass of iron is needed to react with an excess of acid? Assume the reaction takes place at room temperature, at sea level, and has a 100% yield. A=4.6x104 g


	10. Air bags inflate from the decomposition of sodium azide:  2 NaN3  ( 2 Na + 3 N2
What mass of solid sodium azide must be reacted to inflate a 70.0 L airbag at a temperature of 55oC and 1 atm of pressure? A=113g


	11. A gas consisting of only carbon and hydrogen has a density of 1.65 g/L at 27oC and 734 torr. Determine the molar mass. A=42g/mol


	12. A compound has the empirical formula CHCl. A 256-mL flask at 373 K and 750 torr contains 0.800 g of the gaseous compound. Find the molar mass and the molecular formula. A=97g/mol; C2H2Cl2


	13.  Silicon tetrachloride and trichlorosilane (SiHCl3) are often used in production of electronics. Calculate the densities of pure silicon tetrachloride and trichlorosilane at 85oC and 740 torr. A=5.57,4.44


	14. Uranium hexafluoride is a solid at room temperature, but it boils at 56˚C. Determine the density of uranium hexafluoride at 60˚C and 745 torr. A=12.6g/L


	15. A mixture of 1.00 g of H2 and 1.00 g of helium is added to a 1.00L flask at 27˚C. Calculate the partial pressure of each. A=12atm H2, 6.2atm He


	16. A mixture of 24g of carbon dioxide and 13g of oxygen is used to euthanize a rat at room temperature and 0.90 atm. What is the partial pressure of each gas in this deadly mixture? A=CO2 0.52atm, O2 0.38atm


	17. A mixture of helium and oxygen is used for deep sea diving. If the total pressure of the mixture in the tank is 300.kPa, and temperature of the deep sea is 1.0˚C, how many grams of helium is in the 40.0L tank if humans need oxygen to have a partial pressure of 100.kPa at such depths? A=14g

	18. The partial pressure of CH4 (methane) is 0.175 atm and that of oxygen is 0.250 atm in a mix of the two gases. 
A. What is the mole fraction of each gas? A=0.412,0.588
B. If the mixture has a volume of 10.5L at 65˚C, calculate the total number of moles of gas in the mixture. A=0.161
C. Calculate the grams of each gas in the mix. A=1.06,3.04

	19. A 1.00L gas sample at 100˚C and 600 torr contains 50% helium and 50% xenon by moles. What are the partial pressures of the individual gases? A=300,300

	20. Two flexible containers for gases are at the same temperature and pressure. One holds 0.50 grams of hydrogen and the other holds 8.0 grams of oxygen. Determine whether each of the following statements regarding these gas samples is TRUE or FALSE.

(A) The volume of the hydrogen container is the same as the volume of the oxygen container.

(B) The number of molecules in the hydrogen container is the same as the number of molecules in the oxygen container.

(C) The density of the hydrogen sample is less than that of the oxygen sample.

(D) The average kinetic energy of the hydrogen molecules is the same as the average kinetic energy of the oxygen molecules.

(E) The average speed of the hydrogen molecules is the same as the average speed of the oxygen molecules.

	21. A sample of 0.010 mole of oxygen gas is confined at 127˚C and 0.80 atmospheres. What would be the pressure of this sample at 27˚C and the same volume?

	22. Which travels faster ammonia or carbon dioxide? If it takes ammonia 6 seconds to cross a certain distance, how long will it take carbon dioxide? What would be the molar mass of a gas that travels 3x as fast as ammonia?


					


Ptotal = PA + PB + PC + . . .	PA = Ptotal x XA, where XA = moles A


	                              total moles	    





PV = nRT where    P = pressure in atmospheres


		    V = volume in Liters


		    n = number of moles of gas


		    T = temperature in Kelvin (K = °C + 273)


    R = Universal Gas Constant 0.0821 L·atm


						         mol· K


		    








rateA   =     	     MB             = timeB


rateB	                  MA            timeA  





PiVi = PFVF        Room temperature = 21°C


Tini     TFnF





PiVi = PFVF        Room temperature = 21°C


Tini     TFnF








Get rid of all room temperature problems (give them  a number!)





Please note: the answers in this packet have not been checked for the correct number of significant figures.
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