











States of Matter

states of matter

IS ABOUT

solids, liquids
and gases

EXPLAINED BY DETERMINED BY HAVE CHARACTERISTICDISTINGUISED BY UNDERGO

attraction
between
particles

particle
movement and
attraction

energy of
particles

changes of

properties .

IN GASES IS AFFECTED BY

pressure, temperature
and volume
conditions

> Big Idea > Inquiry, Reflection and
Social Implications

States of matter can be explained by attraction between par-

ticles under various conditions of temperature and pressure. C1.1f  Predict results of changes in variables
Students should observe the relationships between
I> Core COHCEPtS pressure, volume, and temperature of gases

«  The atoms, molecules and ions that compose matter are in
constant motion (kinetic energy). As the average kinetic
energy of a substance increases, the temperature also
increases.

«  The properties of solids, liquids, and gases can be
explained by the attractions that occur between particles,
as affected by kinetic energy.

«  Particle movement and attraction in gases is affected by
pressure, temperature and volume conditions.
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l> Content Expectations (Priority Expectations are highlighted in gray.)

C2.2A

C2.2B

C2.2c:

C2.2f

C3.3A

C3.3B

C4.3A

C4.3B

C4.5a

C4.5b

C4.5¢

Describe conduction in terms of molecules bumping into each other to transfer energy.
Explain why there is better conduction in solids and liquids than gases.

Describe the various states of matter in terms of the motion and arrangement of the
molecules (atoms) making up the substance.

Explain changes in pressure, volume, and temperature for gases using the kinetic
molecular model.

Compare the average kinetic energy of the molecules in a metal object and a wood object at room
temperature.

Describe how heat is conducted in a solid.

Describe melting on a molecular level.

Recognize that substances that are solid at room temperature have stronger attractive forces
than liquids at room temperature, which have stronger attractive forces than gases at room

temperature.

Recognize that solids have a more ordered, regular arrangement of their particles than lig-
uids and that liquids are more ordered than gases.

Provide macroscopic examples, atomic and molecular explanations, and mathematical
representations (graphs and equations) for the pressure-volume relationship in gases.

Provide macroscopic examples, atomic and molecular explanations, and mathematical
representations (graphs and equations) for the pressure-temperature relationship in gases.

Provide macroscopic examples, atomic and molecular explanations, and mathematical
representations (graphs and equations) for the temperature-volume relationship in gases.
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Advanced Bonding Concepts

advanced

bonding

IS ABOUT

intermolecular
forces

ZN

INCLUDE AFFECTS

dispersion,
dipole, and
hydrogen bonding

state of matter
under standard
conditions

> Big Idea

Many physical properties of substances can be determined by
knowing the type of intermolecular forces that exists between
particles.

> Core Concepts

. Solids are classified as metallic, ionic, covalent or network
covalent based on the forces of attraction that occur
between particles.

«  For changes of state to occur, a sufficient amount of en-
ergy is required to break the forces of attraction between
particles (intermolecular forces).

IMPACTS STRENGTH OF ATTRACTION IS INFLUENCED BY

various physical

properties including
melting point and

boiling point

changesin
kinetic energy

> Inquiry, Reflection and
Social Implications

C1.1C Conduct scientific investigations
Students can perform various types of
chromatography and explain results using
solubility.

C1.1A Generate questions for investigations
Students can observe the surface tension of
different materials and generate questions for
differences.
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l> Content Expectations (Priority Expectations are highlighted in gray.)

C4.3c

C4.3d

C4.3e

C4.3f

C4.3g

C4.3h

C4.3i

C5.4c

C5.4d

C5.4e

Compare the relative strengths of forces between molecules based on the melting point and
boiling point of the substances.

Compare the strength of the forces of attraction between molecules of different elements
(e.g., at room temperature, chlorine is a gas and iodine is a solid).

Predict whether the forces of attraction in a solid are primarily metallic, covalent, network covalent,
or ionic based upon the elements’ location on the periodic table.

Identify the elements necessary for hydrogen bonding (N, O, F).

Given the structural formula of a compound, indicate all the intermolecular forces
present (dispersion, dipolar, hydrogen bonding).

Explain properties of various solids such as malleability, conductivity, and melting point in terms of
the solid’s structure and bonding.

Explain why ionic solids have higher melting points than covalent solids (e.g., NaF has a melting
point of 995°C while water has a melting point of 0° C).

Explain why both the melting point and boiling points for water are significantly higher than
other small molecules of comparable mass (e.g., ammonia and methane).

Explain why freezing is an exothermic change of state.

Compare the melting point of covalent compounds based on the strength of IMFs
(intermolecular forces).
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thermochemistry
and solutions

ARE ABOUT

IS ABSORBED OR RELEASED IS ABSORBED OR

bonds break

during
phase changes

and form during
chemical change

RELEASED WHEN

Thermochemistry & Solutions

IS TRANSFERRED AND MEASURED

between the system
and its surroundings

or from one substance

to another

> Big Idea

The flow of energy, measured by temperature, influences the
behavior of matter.

> Core Concepts

«  All chemical and physical changes involve energy transfer.

«  The amount of heat transferred in a chemical/physical
change can be predicted (calculated) using a balanced
chemical equation. It can also be measured quantitatively
through experimental means and graphically represented.
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> Inquiry, Reflection and
Social Implications

C1.2f Critique solutions to problems
Students may examine the thermochemistry of
commercially available products

C1.1C Conduct scientific investigations

C1.1B Evaluate conclusions (measurement error)

Students may perform coffee cup calorimetry
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I> Content EXpECtﬂtiOﬂS (Priority Expectations are highlighted in gray.) 9

C2.1c

C2.2d

C3.1c

C3.1d

C3.4g

C4.7a

C5.4A

C5.4B

C5.5e

Compare qualitatively the energy changes associated with melting various types of solids in terms
of the types of forces between the particles in the solid.

Explain convection and the difference in transfer of thermal energy for solids, liquids, and gases
using evidence that molecules are in constant motion.

Calculate the AH for a chemical reaction using simple coffee cup calorimeter.

Calculate the amount of heat produced for a given mass of reactant from a balanced chemi-
cal equation.

Explain why gases are less soluble in warm water than cold water.

Investigate the difference in the boiling point or freezing point of pure water and a salt
solution.

Compare the energy required to raise the temperature of one gram of aluminum and one
gram of water the same number of degrees.

Measure, plot, and interpret the graph of the temperature versus time of an ice-water
mixture, under slow heating, through melting and boiling.

Relate the melting point, hardness, and electrical and thermal conductivity of a substance to its
structure.
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Acid/Base

acids and

bases

HAVE HAVE HAVE CHARACTERISTIC COMBINE DURING

— 7

N T

recognizable environmental
formulas impact

properties and neutralization
pH ranges reactions

> Big Idea > Inquiry, Reflection and

Hydrogen ion concentration determines pH of the solution
which allows its classification as either acidic, basic, or neutral. C1.2A

> Core Concepts C1.2f

« Acids and bases are important classes of chemicals that
affect the hydrogen ion concentration in a solution.

«  The amount of the hydrogen ion concentration in a C1.2k
solution is the measure of pH. Determining the pH of a
solution can be used to distinguish the solution as acidic,
basic or neutral. C1.2B
C1.2k

Social Implications

Determine scientifically answerable questions
Students may observe changes in pH of substances

Critique solutions to problems
Students can examine solutions to the acid rain
problem on the environment

Analyze how science and society interact
Students discuss the application of neon lights,
fireworks, etc. in terms of atomic theory (quantum)

Apply science to social issues

Analyze how science and society interact
Students could analyze acid rain data and its effect
on the environment
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l> Content Expectations (Priority Expectations are highlighted in gray.)

C5.7A

C5.7B

C5.7C

C5.7D

C5.7E

C5.7f

C5.79

C5.7h

Recognize formulas for common inorganic acids, carboxylic acids, and bases formed from
families I and II.

Predict products of an acid-based neutralization.
Describe tests that can be used to distinguish an acid from a base.
Classify various solutions as acidic or basic, given their pH.

Explain why lakes with limestone or calcium carbonate experience less adverse effects from acid
rain than lakes with granite beds.

Write balanced chemical equations for reactions between acids and bases and perform
calculations with balanced equations.

Calculate the pH from the hydronium ion or hydroxide ion concentration.

Explain why sulfur oxides and nitrogen oxides contribute to acid rain.
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equilibrium

IS ABOUT

reversible
reactions

7

REACH

ARE INFLUENCED BY

temperature,
concentration,
and pressure

equilibrium in
a closed system

> Big Idea

Electron transfers as described by redox reactions impacts
humans in both positive and negative ways.

In a closed system, reversible reactions achieve equilibrium
which is dependent on pressure, temperature and concentra-
tion conditions.

> Core Concepts

+  Most chemical reactions reach a state of dynamic
equilibrium where the rates of the forward and reverse
reactions are equal. This equilibrium, once established,
can be altered by changing the conditions of the system.

«  Chemical reactions that involve electron transfer are
known as oxidation/reduction (redox). The loss of
electrons in a reaction is termed oxidation. Reduction is
defined as gaining of electrons.
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Redox/Equilibrium

IS ABOUT

electron
transfer

IS FOUNDATION FOR

CAUSES

corrosion
of metals

electrochemical
cells

> Inquiry, Reflection and
Social Implications

C1.2g Identify tradeoffs in design decisions

C1.2j Predict effects of technology
Students can explore the use of redox reactions in
society

C1.2k Analyze how science and society interact
Students may discuss the application of the
breathalyzer on society

C1.2E Be aware of careers in science
Students can discuss the importance of material
science and corrosion technology in future careers

C1.1f Predict results of changes in variables

Students may describe the shift in equilibrium as
different variable change.
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I> Content EXpECtEtiOﬂS (Priority Expectations are highlighted in gray.) \ 1 1 )

C5.3a

C5.3b

C5.3c

C5.6a

C5.6¢

C5.6d

C5.6e

Describe equilibrium shifts in a chemical system caused by changing conditions
(Le Chatelier’s Principle).

Predict shifts in a chemical system caused by changing conditions (Le Chatelier’s Principle).
Predict the extent reactants are converted to products using the value of the equilibrium constant.
Balance half-reactions and describe them as oxidations or reductions.

Explain oxidation occurring when two different metals are in contact.

Calculate the voltage for spontaneous redox reactions from the standard reduction potentials.

Identify the reactions occurring at the anode and cathode in an electrochemical cell.
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Thermodynamics™

thermodynamics

IS ABOUT

Gibb's Free
Energy

N

IS DEPENDENT ON CAN PREDICT

temperature and
changes in enthalpy
and entropy

reaction
spontaneity

> Big Idea > Inquiry, Reflection and
Social Implications

The spontaneity of a reaction is determined by the change in
Gibbs Free Energy which is dependent on temperature and the
changes in enthalpy and entropy.

*(A thorough treatment of Unit 9 is sufficient. No content expec-
tations in Unit 12 are priority expectations)

> Core Concept
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l> Content Expectations (Priority Expectations are highlighted in gray.)

C2.2e

C2.3a

C2.3b

C3.1a

C3.1b

C3.2a

348

C3.4d

C34e

C3.4f

Compare the entropy of solids, liquids, and gases.

Explain how the rate of a given chemical reaction is dependent on the temperature and the activa-
tion energy.

Draw and analyze a diagram to show the activation energy for an exothermic reaction that is very
slow at room temperature.

Calculate the AH for a given reaction using Hess’ Law.
Draw enthalpy diagrams for exothermic and endothermic reactions.

Describe the energy changes in photosynthesis and in the combustion of sugar in terms of bond
breaking and bond making.

Explain why chemical reactions will either release or absorb energy.
Draw enthalpy diagrams for reactants and products in endothermic and exothermic reactions.

Predict if a chemical reaction is spontaneous given the enthalpy (AH) and entropy (AS) changes for
the reaction using Gibb's Free Energy, AG = AH - TAS (Note: mathematical computation of AG is not
required.)

Explain why some endothermic reactions are spontaneous at room temperature.
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