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SCH 3UI Unit 5 Gases and Atmospheric Chemistry...

Review:

*Matter is anything that has mass and occupies space.

*Particle Theory of Matter:
1) Matter is made up of tiny particles...particles refer to atoms, ions or molecules

2) Particles of matter are in constant motion

3) Particles of matter are held together by strong electric forces

4) There are empty spaces between the particles of matter that are very large compared to the particles themselves

5) Each substance has unique particles of matter that are different from the particles of other substances

6) Temp affects the speed of the particles... higher T, the faster the speed of the particles

Particle theory of matter explains the following scientific phenomena:

-pure substances are homogeneous
-physical changes ie melting, evaporation, sublimation, dissolving...

-Characteristic physical properties ie density, viscosity, 

11.1 Gases: Properties and Behaviour: Rd Section 11.1, pages 502-506, Complete the Worksheet and complete Review Questions #1-15 p506
*Under normal conditions matter exists as three possible states, S, L or G 

- a fourth state exists called plasma  exists - this is the state of matter at extremely high 
  T > 5000°C

Properties of Solids, Liquids and Gases:
*Particles of solids are held together in a fixed position

-particles are arranged in a lattice structure, in this structure the particles cannot move  past one another

-Therefore solids have a fixed volume and shape and are relatively incompressible compared to gases
-solid particles cannot move independently of each other

-the movement of one particle effects the movement of the other or it restricts the movement

*Particles of liquids are very close together, but they are not held in a fixed position


-Therefore liquids have no regular arrangement

-Liquids have a fixed volume but not a fixed shape and are also relatively incompressible compared to gases

*Particles of gases are spaced very far apart from other particles


-Therefore gases also have no regular arrangement


-Gases have no fixed shape, no fixed volume and are compressible


-Gas particles move freely in all directions 
Copy Table 11.1 Properties and Particles of the Three States of Matter

	State
	Properties
	Particles

	Solid


	
	

	Liquid


	
	

	Gas


	
	


Changes of State and Forces between Particles
-Two main factors determine the state of a substance: the forces __________ the particles (ions, atoms, and molecules) together and the ___________  __________ of the particles, which tends to pull them apart. If there were no forces between particles, all substances would be ______. Forces are necessary for particles to form liquids and solids. If the forces are very strong, a ______ amount of kinetic energy is needed to pull the particles apart. If the forces are _______ , particles with smaller amounts of kinetic energy can pull away from one another. 
-The three types of forces that act between particles are…


1)

2)

3)

Copy Table 11.2 Attractive Forces that Influence the State of Matter

	Type of Attractive Force
	State of Matter
	Example

	
	
	

	
	
	

	
	
	


Questions:

i) Explain why ethanol is polar and (pure) hydrogen chloride is polar but are different states at room temperature.

ii) What type of intermolecular forces do water and ammonia experience?

iii) What states are water and ammonia in at room temp? Why are they different? 

iv) If both carbon dioxide and pentane are non polar, why are they different states at room temp? 
The Kinetic Energy of Particles and Temperature of a Substance

-Particles in a substance have three types of motion and thus three types of kinetic energy. 
… See Figures 11.2, 11.3 and 11.4 page 504 and draw the Figures below…
*Solids: can only vibrate in one spot


*Liquids: are free to move somewhat, ie liquids are pourable and can therefore vibrate and rotate – slipping past one another changing position

*Gases: vibrate, rotate and translate. Translate means particles have the ability to move from place to place independently of each particle

-gas particles move in straight lines, in random directions

ORDER:

-Identify where Solids, Liquids and Gases would be on the “Disorder-Order” line below.
Disorder aka chaos ----------------------------------------------- Order aka Structured


*As the Temp increases, the kinetic energy increases, which increase the particle movement, therefore weakens the attraction between the particles

*The type of forces of attraction between particles can be used as an indicator as to the state of the substance

Distinguishing Properties of Gases 
-Each state of matter has physical properties that distinguish that state from another state. The following properties distinguish gases from solids and liquids. 
List and explain the property, if needed on page 504
1)

2) 

3)

4) 

5) 
KMT (Kinetic Molecular Theory) of Gases
The kinetic molecular theory of gases provides a scientific model for explaining the behaviour of gases. To develop the theory, scientists defined a hypothetical substance call an ideal gas. An ideal gas is defined by specific characteristics related to the energy and motion of the gas particles as shown in Figure 11.5. The kinetic molecular theory of gases is based on the following assumptions. 

-List the 5 assumptions of KMT and define an ideal gas on page 505


Complete Review Questions page 506 #1-15
SCH 3UI Section 11.2 Gases and Pressure Changes 
Hmwk: Rd pages 507-509










Learning Check Q p510 #7-12
Pressure is defined as the …

How does a gas exert Pressure?


*A gas will exert P on the walls of the container the gas occupies

Why do some tennis balls bounce better than others?


*More gas within the ball means more P applied to the wall of the ball

*Therefore when a ball bounces it bounces up because the gas exerts P on the wall of the ball against the ground

Atmospheric Pressure: 
*Mass of atmosphere = 5.1 X 1018kg, therefore 1 m2 of Earth at sea level has an atmospheric pressure of 101.3 kPa

*Atmospheric P changes with respect to weather etc.

Explain why the pop can crushed…

Barometers and Torricelli’s Apparatus
*A barometer is an apparatus that can measure atmospheric pressure

*In Torricelli’s  apparatus mercury was used, Hg is 13.6X more dense than water

*Hg was poured into a tube with a diameter of 1cm and placed in a dish

Units of Pressure:



760 mmHg = 760 torr = 1 atm = 101.3 kPa

Convert the following;

a) 3.58 atm to kPa

b) 900 torr to atm
c) 115 kPa to mmHg
d) 145 kPa to atm

SCH 3UI    Sect 11.2 and 11.3 Gases and Pressure and Temp Changes

Read pages 510-527 pp#1-30

The Three Gas Laws  

*Boyle’s Law: states that the  

*As P(  V(
Gases and Temperature Changes

*As T increases particles move around faster and therefore possess more kinetic energy, therefore temperature is defined as the amount of kinetic energy a substance possesses

Jacques Charles


*completed an experiment involving T and V


*He determined that all gases expand at the same rate

*As T ↑


*As T ↓

Think about what happens to Helium balloons in the summer and winter

Kelvin Scale and Absolute Zero

*Charles graphed his results of V vs T and extrapolated his graph and determined that a gas has 0 volume at –273 °C

*Therefore -273 °C = 0 K …. Absolute zero

This is the temperature that KE would equal 0

Calculation:   TK = °C  +   273.15

TC =  K  -  273.15

Charles Law: the volume of a fixed mass of gas is  

What happens if the volume of a container is kept constant and the temperature changes?


…the only variable left to affect is pressure

Gay Lussac’s Law:  

Questions:

1. Determine the volume of a balloon if initially the balloon has a pressure of 101.3kPa and a volume of 1.5L and the pressure of the balloon changes to 150kPa. 

2. Determine the temperature in degrees Celsius when a container has a volume of 2L and an initial temperature of 289K and the container expands to 3.8L.

3. If the container could not change shape and had a fixed volume, determine the temperature inside the container when the pressure changes from 101.3kPa to 145kPa and the initial temperature was 260K.

Section 12.1 The Combined Gas Law

Hmwk: Read pages 540-550 pp #1-20

Combined Gas Law, combines Boyles, Charles and Gay-Lussacs Laws…

Law of Combining Volumes: is a gas law stating that when gases react, the volumes of the gaseous reactants and products, measured under the same conditions of temp and pressure are always in whole-number ratios

Avogadro’s hypothesis:  


___ H2   +  ___  O2    (    ____  H2O

*2 moles of hydrogen gas will occupy twice the amount of volume 1 mol of oxygen gas will occupy at same T and P

Avogadro’s Law:

-Equal volumes of all ideal gases at the same temp and pressure contain the same number of molecules

Therefore, 1 mol of any gas occupies the same volume at same T and P, assuming the volume of the gas molecule itself is negligible. (Ideal gas law)

-Remember the mass of 1 mol of gas is unique for each substance, but the volume is the same for all 1 mol gases at same T and P

Molar Volume:  (L/mol)  =  V/n

-Molar volume is the amount of space occupied by 1 mol of a gaseous substance

*Molar volume will vary with different temperatures and pressures. Chemists have agreed on specific sets of conditions under which to report gas volumes…
STP – Standard Temperature and Pressure… the freezing point of water and the atmospheric pressure at sea level

SATP -  Standard Ambient Temperature and Pressure …Temp is 25°C and 100kPA

**Therefore the molar volume of a gas at STP is 22.4 L/mol and at SATP is 24.8 L/mol
Practice…
Q – A resealable 1.30L container has a mass of 4.73g, Nitrogen gas is added to the container until a pressure of 98.0 kPa and a temp of 22 C is reached.  The mass of the container and the gas is 6.18g.  Determine the molar volume of N2(g) at STP.

Q – At STP, 1 mol of carbon dioxide gas has a volume of 22.4L, calculate the number of moles and molecules if 5L of carbon dioxide was obtained at STP.

***Complete Activity 12.1 Molar Volumes of Gases page 547

SCH 3UI Section 12.2 Ideal Gas Law… Hmwk: Read pages551-556, pp#21-30

*incorporates all the smaller laws and makes calculations involving each factor

-Ideal gas law describes the relationship among volume, pressure, temperature and amount, in moles of an ideal gas


PV = nRT

Q – Determine the number of moles in a gas cylinder with a volume of 58L, P of 108 kPa, T of 22 °C.

Q – A cylinder contains 300g of propane gas at a P of 200 kPa at 30 °C, determine the volume of the cylinder.

Application of the Ideal Gas Law…

PV=nRT can be used for various types of gas questions including determining the density of a gas, determining the molar mass of a gas and determining the molecular formula of a gas.

Type 1 - Calculation of Density:

-Determine the density of oxygen gas if the P is 125.6 kPa and the temperature is 15 °C.

Type 2 – Determining molar mass 

- A sample of gas has a mass of 2.37 g, volume of 800 mL, temperature of 78 °C and P of 103 kPa, what noble gas is this?

Type 3 – Determining molecular formula of a gas

-A gas with the percent composition of 80% C and 20% H, weighs 4.60g and occupies 2.5L at 1 atm and 25 °C.  Determine the molecular formula of the gas.

Real Gas Deviations…Page 561-562

@ STP most real gases behave like ideal gases… the chart below lists molar volume for a set of gases, the deviation from the average is at most 2%, therefore it is safe to say the KMT is valid however…

Table 12.2

	Gas
	Molar Volume (L/mol)

	Helium
	22.398

	Neon
	22.401

	Argon
	22.410

	Hydrogen
	22.430

	Nitrogen
	22.413

	Oxygen
	22.414

	Carbon dioxide
	22.414

	Ammonia
	22.350


@ high P and or low T gases do not behave like ideal gases

If a gas particle is in close proximity to another gas particle attractive forces between the particles will change how a gas particle behaves

Examples:


-Low temp


-High Pressure

Section 12.2 Con’t… Gas Law Stoichiometry and Dalton’s Law of Partial Pressures

Read pages 557-562, pp #31-40

*According to law of combining volumes and Avogadro’s Law …

-the volume of a gas at the same T and P is directly related to the number of moles

Q- Write the balanced chemical equation for the combustion of ethane

If 0.75 L of ethane is burned, determine the volume of O2 required and the volume of CO2 and H2O produced.

*Converting mass of R/P to volume of gas for R/P

Q- Use the following equation to determine the volume of hydrogen gas produced at 100.5 kPa and 22 C, if 50ml of 0.9M HCl reacts with excess iron.



HCl  +  Fe   (  FeCl2  +  H2(g)
Dalton’s Law of  Partial Pressures: The total pressure of a mixture of gases is the sum of the individual pressures of each gas


PTOTAL = Pgas A + Pgas B + Pgas C 

Determine the total pressure if gas A has a pressure of 15kPa and gas B has a pressure of 30kPa

Application of Dalton’s Partial Pressure Law…

Including water vapour pressure in gas Calculations:

*When collecting gases by bubbling them through a water (displacement method), the pressure of the actual gas must be adjusted to take into account the pressure of the water vapour.






*In a sealed container (closed system) water 

molecules at the surface evaporate forming water vapour or gas phase water molecules

*This causes an additional gas P called water vapour P

*As T increases the solubility of gases in solution decreases, therefore more water molecules will become vapour, therefore water vapour P increases

*Water vapour P changes with respect to T

PH2O vapour @ 20 C = 2.34 kPa

PH2O vapour @ 25 C = 3.17 kPa

PH2O vapour @ 30 C = 4.24 kPa

When calculating volume of gas produced when collecting over water, the P of water vapour must be subtracted…

Q- If 15 g of baking soda reacts with excess acid determine the volume of carbon dioxide collected over water at 22 C and 101.7 kPa


NaHCO3  +  HCl  (   CO2  +   H2O +   NaCl



















Define Ideal Gas:








