Unit #4

Gases and Atmospheric Chemistry

Time: 18 hours

Unit Overview

Time

Expectations

5.0 h

Gases in the Atmosphere

· describe how knowledge of gases has helped to advance technology, and how such technological advances have led to a better understanding of environmental phenomena and issues.

· Identify the major and minor components of the atmosphere

· Describe natural phenomena (ge. Geysers, volcanic eruptions) and technological products (eg. rocket engine, carbonated drinks, air bags) associated with gases.

· Explain Canadian initiatives to improve air quality (eg. the recycling of chlorofluorocarbons, the Montreal Protocol)

· Identify technological products and safety concerns associated with compressed gases (eg. propane tanks, medical oxygen tanks, welder’s acetylene tanks)

· Describe how knowledge of gases is applied in other areas of study (eg. meteorology, medical anaesthetics, undersea exploration)

·  Balance chemical equations

0.5 h

The Kinetic Molecular Theory of Gases

· explain different states of matter in terms of the forces between atoms, molecules, and ions

· describe the gaseous state, using kinetic molecular theory, in terms of degree of disorder and types of motion of atoms and molecules.

· Use appropriate scientific vocabulary to communicate ideas related to gases (eg. standard temperature, standard pressure, molar volume, ideal gas)

5.0 h

The Gas Laws

· demonstrate an understanding of the laws that govern the behaviour gases

· investigate through experimentation the relationships among the pressure, volume, and temperature of a gas, and solve problems involving quantity of substance in moles, molar masses and volumes, and the gas laws.

· Describe the quantitative relationships that exist among the following variables for an ideal gas: pressure, volume, temperature, and amount of substance

· Use and interconvert appropriate units to express pressure( eg. pascals, atmospheres, mmHg) and temperature (eg, Celcius, and Kelvin scales)

· Determine through experimentation the quantitative and graphical relationships among the pressure, volume, and temperature of an ideal gas

· Solve quantitative problems involving the following gas laws: Carles’s Law, Boyle’s Law, the combined gas law, Gay-Lussac’s Law, Dalton’s Law of Partial Pressures, the Ideal Gas Law

6.0 h

Moles of Gases

· explain Dalton’s Law of Partial Pressures

· state Avogadro’s Hypothesis and describe his contribution to our understanding of reactions of gases.

· Perform stoichiometric calculations involving the quantitative relationships among the quantity of substances in moles, the number of atoms, the number of molecules, the mass, and the volume of the substances in a balanced chemical equation

· Determine the molar volume of a gas through experimentation (eg. calculate the molar volume of hydrogen gas from the reaction of magnesium with hydrochloric acid)

0.5 h

Technology and Gases

· describe how knowledge of gases has helped to advance technology, and how such technological advances have led to a better understanding of environmental phenomena and issues

1.0 h

End of Unit Tasks

Unit #4 

Gases and Atmospheric Chemistry

States of Matter

1. Solids

2. Liquids

3. Gases

4. Plasma

Plasma:  a state of matter that exists at incredibly high temperatures (> 5000 (C )

The Particle Theory describes matter in all three states as being composed of tiny invisible particles, which can be atoms, ions, or molecules, and how they behave amongst each other.

Empirical Properties of States of Matter

State

Properties

Solid
*  solids have definite shape and volume

*  are virtually incompressible

*  does not flow easily

*  particles held together in a crystal



    lattice structure

*  each particle in a solid is only able to



    vibrate around a fixed lattice point

*  called vibrational motion

Liquid
*  liquids assume the shape of the 



    container but have a definite volume

*  are virtually incompressible

*  flow readily

*  liquid particles move with rotational



   motion as well as vibrational motion

Gas

*  gases assume the shape and volume of



    the container

*  are highly compressible

*  flow readily

*  gases can move from one point in space 



    to another:  this is called translational



    motion.

*  gas particles move with all 3 types of

motion: vibrational, rotational and translational.

Forces Between Particles

The particle theory states that there are attractive forces between particles.  The weaker the attractive force is between particles, the freer the particles are to move.  Therefore, in the solid state the attractive forces are at their strongest, and in the gaseous state they are at their weakest.

The strength of attractive forces depends on type of force and temperature.  

The Kinetic Molecular Theory

Water disappearing from an open container?

Food colouring diffusing through the water?

These observations could be explained by the Kinetic Molecular Theory.

Answer: water molecules obtain enough energy from collisions to escape from the liquid. Idea applied here is molecular motion.  For the second question, molecules of food colouring and molecules of water are moving and colliding with each other which causes them to mix.

Review the assumptions of the Kinetic Molecular Theory page 421.

Why do we use the Kinetic Molecular Theory???  Scientists have been able to generalize the properties and behaviours of real gases into a theory of an “ideal gas”.  It will allow us to calculate mathematically how real gases behave under varying conditions, even though there is no such thing as an “ideal gas”.

Section Review p.423 # 1- 8

Pressure and Volume

Sec 11.2

How does a gas exert pressure?  Pressure is defined as the force exerted on an object per unit surface area.  But in this case the pressure of a gas is the force exerted by the moving molecules as they collide with objects in their path, such as the walls of a container.  The collective number of collisions as well as the strength of the force form the net or overall gas pressure.

Atmospheric Pressure

Evangelista Torricelli (1608 – 1647) accidentally invented a way of measuring atmospheric pressure, following experiments conducted by Galileo Galilei (1564 – 1642).  His experimental design involved inverting a glass filled tube filled with Mercury and placing it into a tub also containing mercury.  See fig 11.10 p.426.  

Noticing that the mercury level changed day to day, it was a means of measuring atmospheric pressure.  The device was called a mercury barometer.  Torriceli noticed that 760 mm of mercury remained in the tube on the average at all times.  

Units of Pressure

At sea level:  

Standard Atmospheric Pressure at 0 (C is: STP




760 mm Hg

760 torr (represents a column of mercury 1 mm in height at 0 (C)

1 atm (atmospheres)

SI Units:     
101300 pascals (Pa) or 101.3 kPa 

(kilo Pascals)

Standard Atmospheric Pressure at 0 (C is


760 mm Hg = 760 torr = 1 atm = 101.3 kPa


= 14.7 psi

STP : Standard Temperature and Pressure

Temperature of 0 (C and a pressure of 1 atm  (or 101.3 kPa).

However since 0 (C is not convenient, scientists have agreed to use another set of standards.  Called Standard ambient Temperature and Pressure (SATP), defined as 25 (C and 100 kPa.

Relationship Between Pressure and Volume

Robert Boyle (1627 – 1691) investigated the relationship between pressure and volume of gases at constant temperatures.  

Boyle’s law states that as the pressure on a gas increases, the volume of the gas decreases proportionally, provided that the temperature and amount of gas remain constant.


PiVi = PfVf
Practice Problems p.434 – 435 #1 – 4

Section Review p.435 #1 – 6

Gases and Temperature Changes

Section 11.3

Jacques Charles (1746 – 1823)  a French scientist, determined the relationship between the volume and temperature of a gas.  

Investigation 11-B 

The Relationship Between Temperature and Volume of a Gas  p. 438 – 439

The Kelvin Scale and Absolute Zero

Graphically, it has been determined that if a gas does not liquefy, its volume would become zero at –273 (C regardless of the type of gas tested.  This temperature determined through extrapolation, is called absolute zero, which the lowest possible temperature where molecular motion ceases and the kinetic energy would be zero.  

Lord Kelvin (1824 – 1907) realized the significance of this finding.  Absolute zero is the basis of another temperature scale, called the absolute or Kelvin temperature scale.
On the Kelvin scale, the starting point for the scale, zero kelvin (0 K) is called absolute zero 

(-273 (C).

Mathematical relationship:


Tk = (C + 273

Charles’ Law

Charles’ law states that as the temperature of a gas increases, the volume increases proportionally, provided that the pressure and amount of gas remain constant.


Vi   =    Vf

        Ti         Tf
Practice Problems p. 446 #5 – 12

Gay-Lussac’s Law

Gay Lussac’s Law:  states that the pressure of a fixed amount of gas, at constant volume, is directly proportional to its Kelvin temperature.

See figure 11.20 p.447


Pi  =  Pf

Ti
   Tf
P = Pressure



i = initial

T = Temperature (in K)

f  = final

Practice Problems p.449 – 450  # 13 – 16

Section Review p.451 # 1 – 5

Combined Gas Law

Sec 11.4

When Boyle’s, Charles’s, and the pressure-temperature laws are combined, the resulting combined gas law states the relationship among the volume, temperature, and pressure of any fixed amount of gas.

Combined Gas Law:



PiVi  =  PfVf


   Ti          Tf
Practice Problems p.457 # 17 – 21

Summary : Gas Laws

STP : 0 (C and 101.335 kPa

SATP : 25 (C and 100 kPa

101.325 kPa = 1 atm = 760 mm Hg = 760 torr = 14.7 psi

absolute zero = 0 K or -273 (C

TK  = (C  +  273

Boyle’s Law:
PiVi = PfVf
Charles’s Law:  Vi  = Vf




  Ti      Tf
Gay-Lussac’s Law : Pi  = Pf




  
  Ti      Tf
Combined Gas Law: 
PiVi  =  PfVf


   



  Ti          Tf
Dalton’s Law of Partial Pressures

John Dalton an English scientist concluded after thorough analysis that the atmosphere comprised of about 79% nitrogen and 21% oxygen.  He also noticed that water vapour in the atmosphere increased the atmospheric pressure.

Therefor Dalton concluded that the total pressure of a mixture of gases is the sum of the pressures of each of the individual gases.

( if the atmosphere is 79% nitrogen and the atmospheric pressure on a certain day is, 

101.3 kPa then the nitrogen itself must be contributing

79  x  101.3 kPa    =   80 kPa

      100

The other gases in the atmosphere contribute pressures corresponding to their percentage of the total composition of air.

Therfore Dalton’s Law of Partial Pressure is:


Ptotal = P1  + P2  +  P3  +  …..Pn
Practice Problems p.460 #22 – 25

Molar Mass and Gas Behaviour:  Thought Lab Boiling Points of Gases p.461 

Another application of partial pressures is the collection of gases by the displacement of water.  During the collection of gases, where it is bubbled into a container filled with water, water evaporates relatively easily and the gas collected becomes mixed with some water vapour.  Water vapour is like any other gas, and the pressure exerted by a gas above its liquid is called its vapour pressure.  The vapour pressure of water at different temperatures is known and can therefore be used to determine the pressure of dry gas that has been collected.

Ex)

In a laboratory, oxygen gas was collected by water displacement at an atmospheric pressure of 96.8 kPa and a temperature of 22 (C .  Calculate the partial pressure of dry oxygen given that the vapour pressure of water at this temperature is 2.64 kPa.

Solution:

Ptotal = 96.8 kPa

Pwater = 2.64 kPa

Poxygen = ?


Ptotal = Poxygen + Pwater

Poxygen = Ptotal – Pwater
Poxygen = 96.8 kPa – 2.64 kPa



  =  94.2 kPa

The partial pressure of dry oxygen is 

94.2 kPa.

Gas Applications

Section 11.5

Review: 

1. Compressed gases

2. Oxygen and Combustion

3. Gases and Undersea Exploration

Section Review p.466

Chapter 11 Review Questions p.467 – 469

Chapter 12

Exploring Gas Laws

The Ideal Gas Law

Section 12.1

Before developing the Ideal Gas law, other important concepts about gases were discovered.

1. The Molar Volume of Gases:
Gay-Lussac’s research on the volumes of gases before and after a reaction led him to devise the law of combining volumes.
“When gases react, the volumes of the reactants and the products, measured at equal temperatures and pressures, are always in whole number ratios”.

Ex)

2 volumes  +  1 volume  = 2 volumes



Hydrogen 

Oxygen
water



      Gas                 gas           vapour

John Daltons’ research with the masses of compounds before and after a reaction, led him to propose the law of multiple proportions, where the masses of the elements that combine can be expressed in small whole number ratios.

By combining these ideas, Avogadro related the volume of a gas to the amount that is present and decided  that there must be the same number of molecules in each litre of gas.

Thus Avogadro’s Hypothesis:  equal volume of all ideal gases at the same temperature and pressure contain the same number of molecules.
Ex)

Hydrogen

+  Oxygen
(   Water Vapour


Gas


Gas


2 H2 (g)      +       O2 (g) (       2 H2O (g)


   2 mol


    1 mol

2 mol


2 volumes

1 volume
   2 volumes

Mathematical relationship of Avogadro’s Law:


n ( V
or
n = kV

or
 n1 = n2








 V1
  V2
Where n = number of moles

V = volume

k = a constant

Based on this law, one mole of a gas occupies the same volume as one mole of another gas at the same temperature and pressure.  The molar volume of a gas is the space that is occupied by one mole of the gas.

Molar Volume = V    (units L/mol)




          n

Problem:  A resealable 1.30 L container has a mass of 4.73 g.  Nitrogen gas, N2 (g) , is added to the container until the pressure is 98.0 kPa at 22.0 (C.  Together, the container and the gas have a mass of 6.18 g.  Calculate the molar volume of nitrogen gas at STP?

Solution:

Given:

Situation 1



Situation 2

Pi = 98.0 kPa


Pf = 101.3 kPa

Vi = 1.30 L



Vf = ?

Ti = 22.0 (C = 295 K
Tf = 0(C = 273 K

mi = 6.18 g – 4.73 g 
mf = 1.45 g


= 1.45g



(mass remains the same)

ni = ?




nf = ni = ?

Step 1: Calculate the number of moles.


n 
= m

          M



= 
1.45 g


   
28.02 g/mol



=  0.0517 mol

Step 2 : Find the volume of nitrogen at STP


PiVi     =    PfVf

  Ti


 Tf

( Vf  =  PiViTf



    TiPf


=  98.0 kPa x 1.30 L x 273 K



295 K   x  101.3 kPa



=  1.16 L

Step 3: Find the molar volume


Molar Volume =  V





     n






=  1.16    L





   0.0517 mol






= 22.4 L/mol

Practice Problems 477 # 1 – 4

Thought Lab “Molar Volume of Gases”

p.477

Molar Volume of any gas at STP = 22.4 L/mol

More problems p.482 # 5 – 11

2. Volumes of Real Gases:

Do real gases behave like ideal gases?
Some properties of real and ideal gases based on the KMT.

Ideal Gas



Real Gas

*zero volume


* have a volume

* no attractive forces
* molecules do attract

between each other
    each other

* molecules move in
* molecules do not

perfectly straight

   necessarily move in

lines




   straight lines

* collisions are


* collisions are not

completely elastic

    completely elastic

and thus do not give

up energy

Regardless of the imperfections the ideal gas law was created.

But once pressure and temperature change to allow attractive forces between molecules to occur, gases no longer behave as an ideal gas.  They behave as real gases.

Ideal Gas Law

Examine p.484

PV = nRT

P = pressure





V = volume





N = number of moles





T = temperature





R = ideal gas law constant

R is derived from:

· for 1 mole of gas at STP

P = 101.3 kPa

T = 273 K

V = 22.4 L

n = 1.00 mol

R =  PV  

nT


=  101.3 kPa x 22.4 L
1.0 mol x 273 K

= 8.314 kPa L   (  memorize this value!!



mol K

Practice Problems p.487 – 488 # 12 –15

Applications of he Ideal Gas Law

Sec 12.2

Review:

Molar Volume: space that is occupied by one mole of gas. Units in L/mol.

Density: Units in g/L.  Usually found by dividing mass by volume.

Molar mass:  Units g/mol. Usually found by dividing the mass by number of moles of sample.

Examine p.490 Table 12.2

Finding density :Practice Problems p.493 # 16- 19

Investigation 12-A

Calculating the Molar Mass of an Unknown Gas p.496

Practice Problems p.500 # 20 – 24

Section Review p.500 # 1 – 5

Gas Law Stoichiometry

Sec 12.3

Review:  Stoichiometry refers to the relationship between the number of moles of the reactants and the number of moles of the products in a chemical reaction.

Ex) Practice Problems p.503 #25 – 28

Solving Gas Stoichiometry Problems involves these steps:

1. Write a balanced equation for the reaction.

2. Write the given information under the appropriate reactants and products.  Put a question mark under the reactant or product for which information is needed.

3. Convert all amounts to moles.

4. Compare molar amounts using stoichiometry ratios from the balanced equation.  Solve for the unknown molar amount.

5. Convert the new molar amount into the units required.  You may multiply by a conversion factor, or use a set of conditions with the ideal gas law, 

PV = nRT.

p.504

Practice Problems p.506 # 29 – 34

Including water vapour Pressure in Gas Calculations
Using the Ideal Gas Law for the Gaseous Reactant of a Reaction
Practice Problems p.511 # 35 – 39

Investigation 12-B

The Production of Hydrogen Gas p.512

Section Review p. 514 # 1 - 9

Atmospheric Reactions and Pollution
Sec 12.4

Gas Chemistry in the Atmosphere
Two main types of gas chemistry in the atmosphere:

1. interactions between gases already present in the atmosphere

2. interactions between atmospheric gases and gases produced by processes on Earth.

The Ozone Cycle
· ground level ozone is the main harmful ingredient in smog.

· However, ozone in the stratosphere (10 – 50 km above Earth’s surface) is beneficial by absorbing ultraviolet (UV) radiation from the sun.

· The radiation separates the ozone into oxygen gas, O2 , and an oxygen atom.

· After a few more steps, ozone is re-formed when molecules of oxygen gas combine with oxygen atoms

· By absorbing energy from the Sun, ozone prevents harmful UV radiation from reaching the Earth’s surface.

Examine fig 12.19 p.516
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Figure 12.19. The ozone cycle: (8) Oxygen gas n the aimosphere absorbs
‘onergy from the Sun. Each oxygen molecule breaks up nto two oxygen aloms.
(B) An oxygen atom combines wih a molecule o oxygen gas o form ozone.
Another moleculeis needed to absorb exira energy. ©) Ozone absorbs.
uitraviolet radiation and breaks up again into cxygen gas and an axygen atom.




· ground ozone is largely produced when nitrogen oxide gas from vehicle exhaust fumes reacts with oxygen gas in sunlight.

· It causes respiratory problems such as coughing, wheezing, and eye irritation.

· It retards plant growth and reduces productivity of crops.

CFC’s and Ozone Depletion

CFC’s : chlorofluorocarbons are chemicals that interfere with the ozone cycle high up in the atmosphere.

· they are non-toxic nonflammable compounds that contain atoms of chlorine, carbon, and fluorine.

· They are human made primarily released from refrigeration and aerosol devices.

· In 1928, Thomas Midgley, invented the first CFC compound

· Later CCl2F2, known as Freon, was discovered to be a “miracle compound”

· But what happens to these stable compounds when they are exposed to high levels of radiation far up in the atmosphere?

· As it turned out, British Scientists noticed a large decrease in the ozone layer above the Antarctic.

· A “hole” in the ozone layer was beginning to form

How CFC’s Attack Ozone

CFC’s high in the atmosphere break apart under UV radiation to produce chlorine atoms.  These chlorine atoms destroy molecules.


Cl  +  O3  (  ClO  +  O2
ClO then reacts with an oxygen atom and releases the chlorine atom, which attacks another ozone molecule.  Eventually one chlorine atom can destroy thousands of ozone molecules.

Examine figure below:

[image: image2.png]UofioEa1 UIEUo € Ut UieBE puB UEBE 2U0Z0 OB Aol ‘Pesealol
18 SWOIE GUOIUD oUl 9SNE39E “0UOZ0 OISO PUE YOPHE 12U SIOIE U
6lBuIs seanpoid uoEIpel 1efoIeA Aq D40 B Jo UMOPYPRIq BUL 22} bl

s.%;iiié%;
.. ‘Iv

s sos @ - s%.ééo g o conaes ®

vor%r &




Although CFC’s are the most abundant ozone-depleting substance, other chemicals that cause the same type of damage include methyl bromide,CH3Br , carbon tetrachloride, CCl4 , and carbon trifluorobromide, CF3Br .  

Improving Air Quality

The Montreal Protocol, an international agreement signed in Montreal September 16, 1987 by individual countries, stated that the production and consumption of all substances that deplete the ozone layer would be phased out by the year 2000 in developed countries.  Specific chemicals being phased out include: CFC’s, halons, carbon tetrachloride, methyl chloroform, and methyl bromide.  With this development, scientists hope that the ozone layer will recover within 50 to 60 years.
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Figure 12.19. The ozone cycle: (8) Oxygen gas n the aimosphere absorbs
‘onergy from the Sun. Each oxygen molecule breaks up nto two oxygen aloms.
(B) An oxygen atom combines wih a molecule o oxygen gas o form ozone.
Another moleculeis needed to absorb exira energy. ©) Ozone absorbs.
uitraviolet radiation and breaks up again into cxygen gas and an axygen atom.
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