FITTING DEMONSTRATIONS INTO CHEMISTRY 11

Introduction to Chemistry 11

11.Introl: Fire Writing
11.Intro2: Invisible Ink Message

11.Intro3: Pop Bottle Cannon

UNIT I : SAFETY IN THE CHEMICAL LABORATORY

Emergency Equipment
Protective Equipment

11.1.1: A Simulated “Acid in Your Eye” Accident

In Case of Fire
Some Laboratory Hazards

11.1.2: Why Worry About Safety? Ira Remsen'’s First Experiment

Disposal of Chemicals
General Rules of Safe Laboratory Conduct

11.1.3: Indicator Sponge
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UNIT Il : INTRODUCTION TO CHEMISTRY

Unit Conversions
Sl Units
Metric Conversions
» Derived Quantities
Density

11.11.1: U—Tube With Unequal Arms
11.11.2: The Mysterious Sunken Ice Cube
11.11.3: A Densi-Tee

Significant Figures and Experimental Uncertainty
11.11.4: Inaccurate Meter Stick

* Significant Figures
* How to Read a Scale

11.11.5: What's A Meniscus?
» Experimental Uncertainty

11.11.6: Consistency
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UNIT llI':  THE PHYSICAL PROPERTIES AND PHYSICAL
CHANGES OF SUBSTANCES

Some Basic Definitions in Science
11.111.1:  Think Tube

The Physical Properties of Matter
11.111.2:  Flaming Vapour Ramp
11.111.3:  Slime: Cross-linked Glue
11.111.4:  The Vapour Pressure of Acetone and n—-Butanol
11.111.5:  The Effect of Temperature on Vapour Pressure
11.111.6:  Density versus viscosity
11.111.7:  Diffusion of Ammonia and Hydrogen Chloride
11.111.8:  Producing Two Gases from Ammonium Chloride
11.111.9:  Effect of Temperature on Diffusion Rate
11.111.10: Expansion of Shaving Cream in a Vacuum

The Classification of Matter
11.111.11: Solutions, Colloids and Sospensions
11.111.12: Elements, Mixtures and Compounds

The Physical Separation of Substances
11.111.13: Odour and Colour Eater
11.111.14:  Immiscible Liquids in Hero’s Fountain
11.111.15: Closed System Distillation Apparatus
11.111.16: A Simple Separation of Cobalt and Nickel Salts
11.111.17: Radial Chromatography

Phase Changes
11.111.18: Hoarfrost in a Glass

The Role Of Kinetic Energy in Physical Changes
11.111.19:  Types of Kinetic Energy

 Practical Applications of Kinetic Energy Changes
» The Role of Kinetic Energy in Phase Changes
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UNIT IV : INORGANIC NOMENCLATURE

The Chemical Elements

Naming Inorganic Compounds
* Naming Monatomic lons
* Naming Polyatomic lons
» Constructing the Formula of an ionic Compound, Given the Name of the Compound
» Constructing the Name of an lonic Compound, Given the Formula of the Compound
* Naming Hydrates

11.1IV.1:  Dehydrating Action of Sulphuric Acid: A Twist

* Naming Compounds by Using the Prefix-Naming System
* Some Common Acids
Extension : The Colours of Some Common Aqueous lons

11.1V.2: A Chemical Garden



UNITV: THE MOLE CONCEPT

Atomic Masses and Avogadro’s Hypothesis
11.V.1: Synthesis of Mercury(l) lodide and Mercury(ll) lodide
11.V.2: Equal Volumes of Gases Have Different Masses

The Mole
* Finding the Molar Mass of a Compound

11.V.3: Molar Mass Samples

 Calculations Relating the Number of Moles and the Mass of a Substance
11.V.4: Misty Smoke Rings

 Calculations Relating the Number of Moles and the Volume of a Gas
11.V.5: A “Mole” of CO,

 Calculations Relating the Number of Moles and the Number of Particles
Multiple Conversions Between Moles, Mass, Volume and Number of Particles
Percentage Composition
Empirical and Molecular Formulae

* Finding the Molecular Formula
Molar Concentration

» Making up Solutions

11.V.6: Solutions of Moles
 Dilution Calculations
11.V.7: It's Only One Part per Million



UNIT VI : CHEMICAL REACTIONS

Introduction to Chemical Equations
The Conservation Laws

11.VIL.1:  Nonadditivity of Volumes 1+1<2

Balancing Chemical Reaction Equations
Writing Phases in Reaction Equations and Using Chemical Word Equations
Types of Chemical Reactions

» Synthesis

11.V1.2:  The Aluminum-lodine Reaction
11.VL.3:  The Glowing Test Tube

» Decomposition
11.V1.4:  Dehydration of Sucrose

Single Replacement
11.VL5: Reaction between Silver Nitrate and Copper
11.V1.6:  Single Replacement of Halogens
» Double replacement
11.VIL.7: Reaction Between Silver Nitrate and Sodium Chloride
* Neutralization
11.VL.8: Nonadditivity of Volumes: 1 +1 > 2
» Combustion
11.VI1.9: Growling Gummy Bears
11.VI1.10: Sparkler in Pure Oxygen
11.V1.11: Candles Need Gravity to Burn
11.VI1.12: Magnesium Burns and Burns
Energy Changes in Chemical Reactions
11.VI1.13: Bond Formation is an Exothermic Reaction
11.VI1.14: Chemical Cold Pack — An Endothermic Process
11.V1.15: Evaporation — An Endothermic Process
11.V1.16: Exothermic Reaction
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UNIT VIl : CALCULATIONS INVOLVING REACTIONS (STOICHIOMETRY)

The Meaning of the Coefficients in a Reaction Equation
Stoichiometry Calculations Involving Moles, Mass, Gas Volume and Molecules

11.VI1.1: Pennies New and Old

Stoichiometry Calculations Involving Molar Concentration
Stoichiometry of Excess Quantities

11.VIL.2:  Limiting Quantities

Extension: Percentage Yield and Percentage Purity
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UNIT VIII : ATOMS AND THE PERIODIC TABLE

The Structure of the Atom

Early Models of the Atom

The Rutherford—Bohr Model of the Atom
Atomic Number and Atomic Mass
Isotopes

oCow>

11.VIIL.1:  Calculating the Molar mass of the Isotope Deuterium

Natural Mixtures of Isotopes
The Electronic Structure of the Atom

11.VIIL.2:  Neon Light
11.VIIL.3:  Plasma Tubes and Spheres

nm

11.VII1.4:  Absorption Spectra on the Overhead Projector

The Periodic Table
A. Early Attempts to Organize the Elements: Mass Confusion
B. The Modern Periodic Table

Chemical Bonding
A. The Electronic Nature of Chemical Bonding

11.VIIL5:  Electronegativity, Atomic Diameter, Melting Temperature and lonization Energy

B. Types of Chemical Bonding

C. Writing Lewis Structures
Chemical Families

A. The Noble Gases

B. The Alkali Metals

Demo: Lithium, Sodium and Potassium in Water
C. The Alkaline Earth Metals

Demo: Magnesium and Calcium in Water
D. The Halogens

11.VII1.6:  Periodicity of Chlorine



UNIT IX: SOLUTION CHEMISTRY

Solutions and Solubility
11.1X.1:  lons Need to Get Together
11.1X.2:  Glass is Soluble in Water
11.1X.3:  Multiply—Saturated Solution
11.1X.4:  Supersaturated Solution
Conductivity of Aqueous Solutions
11.1X.5:  lonic Crescendo
11.1X.6: Do Frozen Solutions Conduct Electricity?

Molecular Polarity
A. Dipole-Dipole Forces
B. Hydrogen Bonding

11.1X.7: Hydrogen Bonding
11.1X.8:  The Uphill Bubble
11.1X.9:  The Methane Mamba
Polar and Nonpolar Solvents
11.1X.10: Polar / Nonpolar Liquids
11.1X.11: Immiscible Liquids
11.1X.12:  Salting Out — Making Liquids Immiscible
11.1X.13: How to Dissolve Polystyrene Foam
11.1X.14: Polar / Nonpolar Disks

The Nature of Solutions of lons
Calculating the Concentrations of lons in Solution



UNIT X: ORGANIC CHEMISTRY

Introduction
Alkanes
A. Unbranched (“Straight Chain”) Alkanes
B. Alkyl Groups and Branched Hydrocarbons

11.X.1: Latex Polymer

C. Cycloalkanes
Alkyl Halides

11.X.2: Teflon Tape

Multiple Bonds (“Alkenes and Alkynes”)
11.X.3: Double Bonding
11.X.4:  Underwater Fireworks

Aromatic Compounds
Functional Groups

11.X.5:  Nylon Formation
11.X.6: Fingerprint Detective

11.X.7: Esters as Natural Perfumes
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FITTING DEMONSTRATIONS INTO CHEMISTRY 12

UNIT I : REACTION KINETICS

Introduction
Methods of Measuring Reaction Rates

12.1.1:  Reacting an Alka Seltzer Tablet

Factors Affecting Reaction Rates
12.1.2:  An Egg-Splosive Demonstration
12.1.3:  The Effect of “The Nature of the Reactants”
12.1.4:  Lycopodium Exploder
12.1.5:  Starch Explosion
12.1.6:  Metathesis Reaction Between Two Solids
12.1.7:  Decomposition of Hydrogen Peroxide by MnO,
12.1.8:  Hydrogen Gas Production — A Catalyzing Experience
12.1.9:  An Oscillating Platinum Wire
12.1.10: Catalytic Oxidation of Acetone
12.1.11: Autocatalysis
12.1.12: Inhibition of Hydrogen Peroxide

Experimental Measurement of Reaction Rates
Reaction Rates and Collision Theory
Enthalpy Changes in Chemical Reactions

12.1.13: Chemiluminescence — The Firefly Reaction
Kinetic Energy Distributions

12.1.14: The Chemists’s “Rule of Thumb”
Activation Energies

12.1.15: Racquet Ball

12.1.16: Activated Complex
Reaction Mechanisms

12.1.17: The Rate of Funnels

Energy Diagram of a Reaction Mechanism
The Effect of Catalysts on the Activation Energy
The Effect of a Catalyst on the Reaction Mechanism

12.1.18: Thorium Oxide as a Catalyst

Some Uses of Catalysts
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UNIT II': EQUILIBRIUM

The Concept of Dynamic Equilibrium
The Characteristics of Equilibrium
12.11.1: Equilibrium Is Not Fair
Predicting Whether a Reaction is Spontaneous or Not
12.11.2: The Automatic Water Fountain: Helium Effusion
12.11.3:  Shrinking Suds
12.11.4:  Endothermic Reaction Between Ba(OH),*8H,0O and NH;SCN
Le Chatelier’s Principle
12.11.5:  Equilibrium on an Overhead
12.11.6: The Effect of Pressure Changes on an Equilibrium |
12.11.7: The Effect of Pressure Changes on an Equilibrium | |
12.11.8: Gases Have It Backwards
Industrial Applications of Equilibrium Principles
12.11.8: Ostwald Oxidation of Ammonia

The Equilibrium Expression and the Equilibrium Constant
Le Chatelier’s Principle and the Equilibrium Constant
Equilibrium Calculations
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UNIT Il : SOLUBILITY EQUILIBRIUM

A Review of Solubility

12.111.1: A Golden Rain of Lead (1) lodide Crystals
Calculating Solubility and lon Concentrations

12.111.2: Fractional Crystallization

12.111.3: Solubility of Calcium Acetate

12.111.4: The Effect of Temperature on Solubility

Predicting the Solubility of Salts
Writing Formula, Complete and Net lonic Equations

12.111.5: Name That Precipitate

Separating Mixtures of lons by Precipitation Methods
The Solubility Product
Predicting Whether a Precipitate Will Form

12.111.6: Solubility Product Constant, Ksp

Applying Solubility Principles to Chloride Titrations
Removing Pollution and Hardness from Water by Precipitation Methods

12.111.7: Concentration Dependence of a Reaction
The Common lon Effect and Others Ways to Alter the Solubility of a Salt
12.111.8: Common lon Effect

12.111.9: Common lon Effect Revisited



14

UNIT IV : ACIDS, BASES AND SALTS

The Arrhenius Theory of Acids and Bases

Some Common Acids and Bases

The True Nature of H'(aq) : (Background Theory)
The Brgnsted—Lowry Theory of Acids and Bases

12.1V.1: The Amphiprotic Behaviour of Aluminum

Conjugate Acids and Bases
"Strong and Weak” Acids and Bases

12.1V.2: Relative Acid Strength

12.1V.3: Conductivity of a Mixture of NH; and CH;COOH
12.1V.4: Etching Glass with HF

12.1V.5: Preparation and Properties of Carbon Dioxide

The Equilibrium Constant for the lonization of Water
Ka and K

12.1V.6: Effect of Temperature on the NHz / NH; Equilibrium

The Relationship Between K, and Ky for a Conjugate Pair
The Relative Strengths of Acids and Bases
pH and pOH

12.1V.7:  pH Rainbow Tube

Mixtures of Strong Acids and Bases
Hydrolysis

12.1V.8: Acidic and Basic Salts

Calculations Involving K,
Calculations Involving Ky
Acid—-Base Titrations

12.1V.9: Titration of Ba(OH), with HSO4
Indicators

12.1V.10: Goldenrod Messages

12.1V.11: Indicator Boxes

12.1V.12: Indicator Colour Changes

12.1V.13: Producing an Acid—Base Indicator Paper

Practical Aspects of Titration
Buffers

12.1V.14: Diluting a Buffer Has No Effect on Its pH

12.1V.15: Common lon Effect Il

12.1V.16: Ksp Balance Revisited
Buffers in Biological Systems

12.1V.17: The Effect of a Change in [CO;] on Blood pH
Applied Acid—Base Chemistry

12.1V.18: Basic Anhydride

12.1V.19: Acid Rain

12.1V.20: Instant Smog
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UNIT V: ELECTROCHEMISTRY

Introduction
12.V.1: The Silver Nitrate / Copper Reaction Revisited
12.V.2: Reduced Iron in Cereal

Oxidation Numbers
12.V.3: The Many Colours of Vanadium

Predicting the Spontaneity of a Redox Reaction
Balancing Half-Reactions

Balancing Redox Equations Using Half—-Reactions
Balancing Redox Equations Using Oxidation Numbers
Redox Titrations

The Electrochemical Cell

Standard Reduction Potentials

Selecting Preferred Reactions

Applied Electrochemistry

12.V.4: The Breathalyser
Corrosion of Metals: Cause and Prevention
12.V.5: How to Turn Aluminum into Hoarfrost
Electrolysis
12.V.6: Electrolysis of Water
12.V.7: Electrolysis of Copper (I1) Chromate
12.V.8: Electrolytic and Electrochemical Cells
12.V.9: Petri Dish Electrolysis and Liquid Motors



