Unit 9 – Gases
11.1  Properties of Gases 
· Kinetic Molecular Theory
11.2  Gas Pressure
· Pressure Units
11.3 - 11.10 The Gas Laws
· Boyle's Law
· Charles's Law
· Gay-Lussac's Law

· Avogadro's Law

· Combined Gas Laws

· Ideal Gas Law

· Dalton's Law

I Can Statements: 
(11.1)  Properties of Gases
1.  List and explain the 5 tenets of the Kinetic Molecular Theory (KMT) of gas behavior
i. small particles, random  movement, high velocities

ii. very small IMFs

iii. volume occupied by gas particles very small

iv. constant motion, straight line paths

v. average Ek proportional to Kelvin temperature
2.  List and explain the 4 properties of gases and their units
i. temperature  - Kelvin
ii. volume – milliliters, Liters
iii. pressure – atm, mmHg, torr, Pa, kPa
iv. amount - moles
(11.2) Gas Pressure
1.  Give and explain the formula for pressure
2.  Explain how a barometer is used to measure pressure

3.  Explain how barometric pressure changes with altitude

4.  Define STP and describe STP conditions
5.  List 5 units used to measure pressure and state their value at STP
i. atmospheres  = 1 atm
ii. millimeters of mercury  = 760 mmHg
iii. torricelli  = 760 torr
iv. kilopascals  = 101.325 kPa

6.  Convert from any given pressure unit to any other pressure unit
(11.3-11.8, 11.10)  The Gas Laws
1.  State and use Boyle's Law  to explain how the volume and pressure of a gas are related 
2.  State and use Charles's Law to explain how the volume and temperature of a gas are related
3.  State and use Gay-Lussac's Law to explain how the pressure and temperature of a gas are related
· define vapor pressure
· explain the relationship between vapor pressure and boiling point

4.  State and use Avogadro's Law to explain how the volume and moles of a gas are related
· State the molar volume of any gas at STP and use it to find the volume of any amount of moles at STP
· Use molar volume to determine the density of any gas at STP
5.  Combine  and use the pressure-volume-temperature relationships in the Combined Gas Law  
6.  Combine and use the pressure-volume-temperature-moles relationships in the Ideal Gas Law
· Explain the meaning of the Universal Gas Constant, R
7.  State and use Dalton's Law of Partial Pressures to explain the total pressure of a mixture of gases
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Achievement Scale: 

	Goal
	C Level
	B Level
	A Level

	11.1
Properties of Gases
	· Can list and explain the 5 tenets of the Kinetic Molecular Theory of Gases
· Can list and explain the 4 properties of gases and their units
	
	

	11.2
Gas Pressure
	· Can define STP and describe STP conditions
· Can give and explain the formula for pressure 
· Can explain how a barometer is used to measure pressure

· Can explain how barometric pressure changes with altitude

· Can explain how commonly used  pressure units are related to  STP conditions
	· Can , when given a list of  the value of  common pressure units at STP, convert from any given pressure unit to any other pressure unit 

	

	11.3-11.8, 11.10
The Gas Laws

	· Can state and  use the following gas laws to answer qualitative questions:
· Boyle’s

· Charles's 
· Gay-Lussac's 

· Avogadro's 

· Combined Gas 

· Ideal Gas 

· Dalton’s 

· Can define vapor pressure

· Can explain the relationship of vapor pressure to boiling point

· Can state the molar volume of any gas at STP

· Can explain the relationship between density and molar volume of a gas

· Explain the meaning of the Universal Gas Constant, R
	· Can, when given  numeric values with correct units and the correct R value,  use the following  gas laws to answer quantitative questions 
· Boyle’s

· Charles's 

· Gay-Lussac's 

· Avogadro's 

· Combined Gas 

· Ideal Gas 

· Dalton’s 


	·  Can , when given numeric  values, convert to the correct units and choose the correct R value to use the following gas laws to answer quantitative questions
· Boyle’s

· Charles's 

· Gay-Lussac's 

· Avogadro's 

· Combined Gas 

· Ideal Gas 

· Dalton’s 




Sample Questions: 

C Level:   
1. List the 4 properties of gases
I. Pressure (P)
II. Volume (V)

III. Temperature (T)

IV. Amount of Substance (n)

2. (a)List 5 pressure units , their abbreviations, and their values at STP:
      Unit




Abbreviation

Value at Sea Level
I. millimeters of mercury

mmHg


760 mmHg

II. Pascals



Pa



101,325 Pa

III. kilopascals



kPa



101.325 kPa

IV. Torricelli



torr



760 torr

V. atmospheres



atm



1.00 atm

(b)  What is the official SI unit of pressure?  Pascals (Pa)
3.  List the 5 tenets of the KMT.
I. Particles are small, random movement, high velocities

II. Very small IMFs (often considered nonexistent)

III. Average EK is proportional to Kelvin temperature

IV. Volume of individual gas particles is negligible

V. Particles in constant, straight-line motion

4. (a)How does a barometer measure atmospheric pressure?
the level of the liquid in the barometer rises when the atmospheric pressure is low and falls when the atmospheric pressure is high
(b)  How does barometric pressure change with altitude?
· At higher altitude the atmospheric pressure is less – the barometer rises

· At lower altitude the atmospheric pressure is more – the barometer falls
5. Explain how vapor pressure and boiling are related.
boiling occurs when the vapor pressure of a substance = atmospheric pressure

6.  List the 7 gas laws, name the variables they compare and what remains constant:
Law



Measures


Constant

I. Boyle’s


V, P



T, n

II. Charles’s


V, T



P, n

III. Gay-Lussac’s

T, P



V, n

IV. Combined 

V, P, T


n

V. Avogadro’s

V,n



T, P

VI. Ideal


V,P,T,n


R
VII. Dalton’s


partial pressure

T, V, n
7. What is the significance of the universal gas constant, R?
R is a comparison of all 4 gas properties T, P, V, and n which takes into account their relationship to one another (direct  or inverse); R has a constant value for any given pressure measurement.  It is determined by using the STP values of a gas.

T = 273 K
      Example:  R value if pressure is given in atmospheres:

P = 1 atm
     R = [image: image2.png]


  →  R = [image: image4.png](1.00 atm)(224 L)
(1.00 mol) (273 Kelvin)



   →  R = 0.0821 [image: image6.png](atm)(1.L)
(mol)(K)



   

V = 22.4 L


N = 1 mole
      Example:  R value if pressure is given in mmHg
R = [image: image8.png]


  →  R = [image: image10.png](760 mmHg) (224 L)
(1.00 mol) (273 Kelvin)



   →  R = 62.4 [image: image12.png](mmHg)(1.L)
(mol)(K)




B Level:   
8. 836 mmHg = _____  atm.      836 mmHg ( [image: image14.png]1 atm
760 mmHg



 )  =  1.10 atm
9.  A 124-mL bubble of hot gas initially at 485 K and 1.80 atm  is emitted from an active volcano.  What is the 
       new Kelvin temperature of the gas, in oC, outside the volcano if the new volume of the bubble is 138 mL 
       and the pressure is 0.800 atm?
    T2 =  [image: image16.png]Ty V2P,
V.P;



  →  [image: image18.png](485 K)(138 mL)(0.800 atm)
(124 mL)(1.80 atm)



   =  240 K  


V1 = 124 mL

V2 = 138 mL 


P1 = 1.80 atm

P2 = 0.800 atm  

 Combined Gas Law

T1 = 485 K

T2 = X

10. Cyclopropane, C3H6, is a general anesthetic.  A 5.0-L sample has a pressure of 5.0 atm.  What is the volume 

       of the anesthetic givento a patient at a pressure of 1.0 atm?

Boyle’s Law:    V1  [image: image20.png]


  P1  =  V2  [image: image22.png]


  P2    →   (5.0 L)(5.0 atm)  =  (1.0 atm) x  →       25 L   

A Level:   
11. What is the volume, in liters, of 64.0 g  of methane gas, CH4, at 18oC and 1.40 atm?
Ideal Gas Law

PV = nRT  →  (1.40 atm)x = (4.00 mole)( 0.0821 [image: image24.png](atm)(1.L)
(mol)(K)



 )(291 K)  =  68.3 L
1
2

