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Vocabulary
Pressure
Collision theory
Pascal
Atmosphere
Millimeters of Hg
Torr
Bar
Barometer
Absolute temperature
Kelvin
Absolute zero
Standard Temperature and Pressure (STP)
Boyle’s Law
Charles’s Law
Gay-Lussac’s Law
Combined Gas Law
Avogadro’s Hypothesis
Molar volume of a gas at STP
Ideal Gas Law
Dalton’s Law
Partial pressure
Total pressure
Mole fraction
Vapor pressure

Background:
Why study gases?
-Recall states of matter (prior knowledge)
-Gas particles can be compressed and are affected by amount of gas present, volume, pressure, temperature …. which are related to each other through math equations

Kinetic Molecular Theory (KMT)
	Gas particles are tiny 
	Gas particles are in constant, rapid, random motion
	Particles are far apart
	No attractive forces between particles
	Gas will spread out to fill container
	Average kinetic energy is directly proportional to temperature  



Volume, Pressure, and Temperature:

Volume (prior knowledge)

Pressure
Pressure = force distributed over an area

Pressure results when particles collide  

No particles = no collisions, no pressure (a vacuum)

SI unit of pressure = pascal (Pa) (1 Newton/square meter)

Other pressure units: atmosphere (atm), millimeters of mercury (mmHg), torricelli (torr), bar

To convert: 1 atm = 760 mmHg = 101.3 kPa = 760 torr
Also: 1000 Pa = 1 kPa, 1 bar = 100000 Pa

Sample conversion:



Barometer = device used to measure atmospheric pressure

Picture:








Temperature
Absolute temperature (temperature in Kelvin) is directly proportional to average kinetic energy of particles 

http://www.uwsp.edu/physastr/kmenning/flash/AF_2112.swf

Recall
	Temp in Kelvin = T in Celsius + 273
	Temp in Celsius = T in Kelvin -273

Absolute zero (0 Kelvin, -273 Celsius) = essentially no kinetic energy, no particle movement

Standard Temperature and Pressure

For many gas calculations “standard temperature and pressure” (STP) conditions are used as common reference conditions.  Standard temperature and pressure is 1 atm (= 760 mmHg = 101.3 kPa etc.) and 273 K (0 degrees Celsius).


Gas Laws: Boyle, Charles, and Gay-Lussac’s Laws
Boyle’s Law: At constant temperature, volume and pressure are inversely proportional
	When one goes up, the other goes down
	PV = a constant
	Mathematically, P1V1=P2V2

(graph, example)












Charles’ Law: At constant pressure, volume and temperature in Kelvin are directly proportional
	When one goes up, the other goes up
	V/T = a constant
	Mathematically, V1T2=V2T1  (or V1/T1=V2/T2)

(graph, example)












Gay-Lussac’s Law: At constant volume, pressure and temperature in Kelvin are directly proportional
	When one goes up, the other goes up
	P/T = a constant
	Mathematically, P1T2=P2T1 (or P1/T1=P2/T2)

(graph, example)










Combined Gas Law
Can combine all three laws into one…. (can choose to use all the time or just when all variables change)
	P1V1/T1= P2V2/T2

(examples)












Avogadro’s Hypothesis and the Ideal Gas Law

Avogadro’s Hypothesis: Equal volumes of gases at the same temperature and pressure contain equal numbers of molecules

	Experiments showed that 22.4 L of any gas at 273 K at 1 atm contains 6.02x1023 molecules (1 mole!!!)
	At constant temperature and pressure, volume and the number of moles (molecules) of gas are directly proportional
	Mathematically, where n = number of moles of gas, V1n2=V2n1  (or V1/n1=V2/n2)

Putting all this together…. we arrive at the Ideal Gas Law:

	PV = nRT where R is a proportionality constant
	R = the universal gas constant = 0.0821 L*atm/mol*K


(examples)













Dalton’s Law and Gas Collection Over Water

So far we have dealt only with pure gases… what happens if we have a mixture of gases?

Dalton’s Law of Partial Pressures
	In a mixture, the total pressure is the sum of the partial pressures
Ptotal = P1 + P2 + P3 + …
	Partial pressures are the individual pressure contributions from each gas
	The partial pressure of a gas is equal to its mole fraction times the pressure total of the mixture
P1 = X1 Ptotal
	The mole fraction of a gas is equal to the number of moles of that particular gas divided by the total number of moles in the sample
X1 = n1/ntotal
(examples)









Collection of Gas Over Water (An Application of Dalton’s Law)
	Sometimes gases are collected by bubbling through water
	In doing so, they pick up water vapor (gaseous molecules of the water that escape the liquid phase)
	Dalton’s law can be applied:
Ptotal = Pwater vapor + Pdry gas
	Note: Ptotal is the atmospheric pressure in the room and Pwater vapor is the vapor pressure of water at the temperature of interest
· Vapor pressures of water can be looked up in reference tables

(examples)








Stoichiometry with Gases
	Usual rules apply
	Use dimensional analysis
	New conversion factor may apply if and only if you are dealing with a GAS at STP:
		 22.4 L = 1 mole    (we call this the molar volume of a gas!)

(examples)










Textbook Reference: Chapter 13.

