Unit 9 – States of Matter (Gases)
I. Physical Properties

Kinetic Molecular Theory

Postulates of the Kinetic Molecular Theory of Gases…

1. Gases consist of ________ particles (________ or ______________)

2. These particles are so small, compared with the _______________ between them, that the ___________ (size) of the individual particles can be assumed to be negligible (________).

3. The particles are in constant ____________ motion, colliding with the _________ of the container.  These collisions with the walls cause the ______________ exerted by the gas.

4. The particles are assumed not to ___________ or to _________ each other.

5. The average ____________ energy of the gas particles is directly proportional to the Kelvin temperature of the gas.
· Kelvin temperature is an index of the random ____________ of gas particles (higher T means _______________________.)






(KE)avg = _____________
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At the same conditions of _______________, all gases have the same average _____________ energy.

m = __________

 v = ___________

	Postulates
	Evidence

	1. Gases are tiny molecules in mostly empty space.
	

	2. There are no attractive forces between molecules.
	

	3. The molecules move in constant, rapid, random, straight-line motion.
	

	4. The molecules collide with container walls and one another.
	

	5. The average kinetic energy of the molecules is proportional to the Kelvin temperature of the sample.
	


Real Gases Do Not Behave Ideally

· Real gases DO experience inter-molecular _________________

· Real gases DO have _____________

Deviations from Ideal Behavior

	Likely to behave nearly ideally
	Likely not to behave ideally

	Gases at ______ temperature and _____ pressure
	Gases at _____ temperature and _____ pressure

	Small _____________ gas molecules
	Large __________ gas molecules


Properties/Variables that Describe a Gas
Gas properties can be modeled using math.  The model depends on:

· P = ___________________
· V = ___________________
· T = ___________________

· n = ___________________

Pressure
· Formula:
· Key Units of Pressure at Sea Level
· 101.3 kPa (kilopascal)
· ______________

· ______________

· 760 torr 
· 14.7 psi

Temperature

Always use absolute temperature (Kelvin) when working with gases.
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STP

· Standard Temperature & Pressure


 0°C


OR
      
_____________

 1 atm




_____________
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II. The Gas Laws
Boyle’s Law

The pressure and volume of a gas are _______________ related at constant mass & _____________________.
Expressed mathematically as: __________________________
EXAMPLE: A fixed amount of gas occupies 100. mL at 150. KPa and constant temperature.  Find its volume at 200. kPa. 

	GIVEN
	WORK
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Charles’ Law

The volume and absolute temperature (K) of a gas are _____________ related at constant mass & pressure. 
Raising the temperature of a gas causes the molecules to hit the walls harder.  This would lead to an increase in pressure… The only way to increase the temperature at constant pressure is to increase the volume.

Expressed mathematically as: ___________________________
EXAMPLE:  A fixed amount of gas occupies 473 mL @ 36°C and constant pressure. Find its volume @ 94°C. 

	GIVEN
	WORK
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Gay-Lussac’s Law

The pressure and absolute temperature (K) of a gas are _______________ related at constant mass & volume.
Expressed mathematically as: ___________________________
EXAMPLE:  The pressure of a fixed mass and volume of gas is 765 torr at 23°C.  At what temperature (in 0C) will the pressure be 560. torr? 

	GIVEN
	WORK

	
	


Combined Gas Law

All of the individual gas laws can be combined into a single _________________.  
Expressed mathematically as:  
EXAMPLE: A fixed mass of gas occupies 7.84 mL at 71.8 kPa & 25°C.  Find its volume at STP. 

	GIVEN
	WORK

	
	


[image: image6.png]


III. The Ideal Gas Law
Avogadro’s Principle

Equal volumes of gases contain equal numbers of ___________ at constant temperature & pressure.
· true for any gas

Merge the Combined Gas Law with Avogadro’s Principle:

Ideal Gas Law Equation: ________________________________
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EXAMPLE: Calculate the pressure in atmospheres of 0.412 mol of He occupying 3.25 L at 16°C.

	GIVEN
	WORK

	
	


*STOP HERE UNTIL AFTER SLO, except for Dalton’s law of Partial Pressures
Density & the Ideal Gas Law

Combining the formula for density with the Ideal Gas law, substituting and rearranging algebraically:
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Molar Mass & the Ideal Gas Law

Combining the formula for molar mass with the Ideal Gas law, substituting and rearranging algebraically:
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EXAMPLE: Find the volume of 85 g of O2 at 25°C and 104.5 kPa. 

	GIVEN
	WORK

	
	


IV. Gas Stoichiometry at Non-STP Conditions
· Moles ( Liters of a Gas: 

· STP - use __________________ 

· Non-STP - use _________ gas law

· Non-STP
· Given liters of gas?  

· start with ideal gas law

· Looking for liters of gas?
· start with stoichiometry conversion

· Gas Stoichiometry Problem #1

How many liters of hydrogen gas made when 38.2 g zinc react w/excess hydrochloric acid at 107.3 kPa and 88oC?

· Gas Stoichiometry Problem #2

What mass of solid magnesium is required to react w/250 mL carbon dioxide at 1.5 atm and 77oC to produce solid magnesium oxide and solid carbon? 
V. Dalton’s Law
The total pressure of a mixture of gases equals the sum of the partial pressures of the individual gases.

Ptotal = _____________________
Dalton’s Law Partial Pressure Problem

80.0 g each of He, Ne, and Ar are in a container. The total pressure is 780 mm Hg. Find each gas’s partial pressure.

Step 1: Find mole fractions.

xA =


Step 2: Multiply mole fraction by total pressure.

PA = 

Dalton’s Law & Gas Collection by Water Displacement

When a gas is collected by water displacement, the gas in the collection bottle is actually a mixture of the gas and __________________________. 

Dalton’s Law & Water Displacement Problem
Hydrogen gas is collected over water at 22.5°C.  Find the pressure of the dry gas if the atmospheric pressure is 94.4 kPa.
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K = ______________





UNIVERSAL GAS CONSTANT


R=0.0821 L(atm/mol(K 


R=8.31 L(kPa/mol(K 


R = 62.4 L(mm Hg/mol(K 





D = 


M = 


P = 


R =  


T = 
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M = 


m = 


R = 


T =  


P =�V = 
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