Unit 7 AP Chemistry Concepts and Standards
Chapter 11

· 2.A
Matter can be described by its physical properties.  The physical properties of a substance generally depend on the spacing between the particles (atoms, molecules, ions) that make up the substance and the forces of attraction between them.

· 2.A.1
The different properties of solids and liquids can be explained by differences in their structures, both at the particulate level and in their supramolecular structures.

· 2.A.1a

Solids can be crystalline, where the particles are arranged in a regular 3-D structure, or they can be amorphous, where the particles do not have a regular, orderly arrangement.  In both cases, the motion of the individual particles is limited, and the particles do not undergo any overall translation with respect to each other.  Interparticle interactions and the ability to pack the particles together provide the main criteria for the structure of solids. (Ch 11.1)

· 2.A.1b

The constituent particles in liquids are very close to each other, and they are continually moving and colliding.  The particles are able to undergo translation with respect to each other and their arrangement, and movement is influence by the nature and strength of the intermolecular forces that are present. (Ch 11.1)

· 2.A.1c

The solid and liquid phases for a particular substance generally have relatively small differences in molar volume because in both cases the constituent particles are very close to each other at all times (Ch 11.1)

· 2.A.1d

The differences in other properties, such as viscosity, surface tension, and volumes of mixing (for liquids), and hardness and macroscopic crystal structure (for solids), can be explained by differences in the strength of attraction between the particles and/or their overall organization. (Ch 11.3)

· 2.A.1e

Heating and cooling curves for pure substances provide insight into the energetic of liquid/solid phase changes. (Ch 11.4)

· LO 2.3

The student is able to use aspects of particulate models (i.e. particle spacing, motion, and forces of attraction) to reason observed differences between solid and liquid phases and among solid and liquid materials.

· 2.B
Forces of attraction between particles (including the noble gases and also different parts of some large molecules) are important in determining many macroscopic properties of a substance, including how the observable physical state changes with temperature.

· 2.B.1
London dispersion forces are attractive forces present between all atoms and molecules.  London dispersion forces are often the strongest net intermolecular forces between large molecules.

· 2.B.1a

A temporary, instantaneous dipole may be created by an uneven distribution of electrons around the nucleus (nuclei) of an atom (molecule). (Ch 11.2)

· 2.B.1b

London dispersion forces arise due to Coulombic interaction of the temporary dipole with the electron distribution in neighboring atoms and molecules. (Ch 11.2)

· 2.B.1c

Dispersion forces increase with contact area between molecules and with increasing polarizability of the molecules.  The polarizability of a molecule increases with the number of electrons in the molecule, and is enhanced by the presence of pi bonding. (Ch 11.2)

· LO 2.11
The student is able to explain the trends in properties and/or predict properties of samples consisting of particles with no permanent dipole on the basis of London dispersion forces.

· 2.B.2
Dipole forces result from the attraction among the positive ends and negative ends of polar molecules.  Hydrogen bonding is a strong type of dipole-dipole force that exists when very electronegative atoms (N, O, and F) are involved.

· 2.B.2a

Molecules with dipole moments experience Coulombic interactions that result in a net attractive interaction when they are near each other: (Ch 11.2)

· Intermolecular dipole-dipole forces are weaker than ionic forces or covalent bonds.

· Interactions between polar molecules are typically greater than between nonpolar molecules of comparable size because these interactions act in addition to London dispersion forces.

· Dipole-dipole attractions can be represented by diagrams of attraction between the positive and negative ends of polar molecules trying to maximize attractions and minimize repulsions in the liquid or solid state.

· Dipole-induced dipole interactions are present between a polar and nonpolar molecule.  The strength of these forces increases with the magnitude of the dipole of the polar molecule and with the polarizability of the nonpolar molecule.

· 2.B.2b

Hydrogen bonding is a relatively strong type of intermolecular interaction that exists when hydrogen atoms that are covalently bonded to the highly electronegative atoms (N, O, and F) are also attracted to the negative end of a dipole formed b y the electronegative atom (N, O, and F) in a different molecule, or a different part of the same molecule.  When hydrogen bonding is present, even small molecules may have strong intermolecular attractions. (Ch 11.2)

· 2.B.2c

Hydrogen bonding between molecules, or between different parts of a single molecule, may be represented by diagrams of molecules with hydrogen bonding and indications of location of hydrogen bonding. (Ch 11.2)

· 2.B.2d

Ionic interactions with dipoles are important in the solubility of ionic compounds in polar solvents. (Ch 11.2)

· LO 2.12
The student can qualitatively analyze data regarding real gases to identify deviations from ideal behavior and relate these to molecular interactions.

· LO 2.13
The student is able to describe the relationships between the structural features of polar molecules and the forces of attraction between the particles.

· LO 2.14
The student is able to apply Coulomb’s law qualitatively (including using representations) to describe the interactions of ions, and the attractions between ions and solvents to explain the factors that contribute to the solubility of ionic compounds.

· 2.B.3
Intermolecular forces play a key role in determining the properties of substances, including biological structures and interactions.

· 2.B.3a

Many properties of liquids and solids are determined by the strengths and types of intermolecular forces present.

· Boiling point (Ch 11.5)

· Surface tension (Ch 11.3)

· Capillary action (Ch 11.3)

· Vapor pressure (Ch 11.5)

· LO 2.16
The student is able to explain the properties (phase, vapor pressure, viscosity, etc.) of small and large molecular compounds in terms of the strengths and types of intermolecular forces.

· 2.D
The type of bonding in the solid state can be deduced from the properties of the solid state.

· 2.D.3
Covalent network solids have properties that reflect their underlying 2-D or 3-D networks of covalent bonds.  Covalent network solids generally have extremely high melting points and are hard.

· 2.D.3a

Covalent network solids consist of atoms that are covalently bonded together into a 2-D or 3-D network. (pg 464)

· Covalent network solids are only formed from nonmetals: elemental (diamond, graphite) or two nonmetals (silicon dioxide and silicon carbide).

· The properties of covalent network solids are a reflection of their structure.

· Covalent network solids have high melting points because all of the atoms are covalently bonded.

· 3-D covalent networks tend to be rigid and hard because the covalent bond angles are fixed.

· Generally, covalent network solids form in the carbon group because of their ability to form four covalent bonds.

· 2.D.3b

Graphite is an allotrope of carbon that forms sheets of 2-D networks. (pg 441)

· Graphite has a high melting point because the covalent bonds between the carbon atoms making up each layer are relatively strong.

· Graphite is soft because adjacent layers can slide past each other relatively easily; the major forces of attraction between the layers are London dispersion forces.

· 2.D.3c

Silicon is a covalent network solid and a semiconductor. (pg 282, 482, 488)

· Silicon forms a 3-D network similar in geometry to a diamond.

· Silicon’s conductivity increases as temperature increases.

· Periodicity can be used to understand why doping with an element with one extra valence electron converts silicon into an n-type semiconducting (negative charge carrying) material, while doping with an element with one less valence electron converts silicon into a p-typing semiconducting (positive charge carrying) material.  Junctions between n-doped and p-doped materials can be used to control electron flow, and thereby are the basis of modern electronics.

· LO 2.29
The student can create a representation of a covalent solid that shows essential characteristics of the structure and interactions present in the substance.

· LO 2.30
The student is able to explain a representation that connects properties of a covalent solid to its structural attributes and to the interactions present at the atomic level.

· 2.D.4
Molecular solids with low molecular weight usually have low melting points and are not expected to conduct electricity as solids, in solution, or when molten.

· 2.D.4b

Molecular solids are composed of distinct, individual units of covalently bonded molecules attracted to each  other through relatively weak intermolecular forces.

· Molecular solids are not expected to conduct electricity because their electrons are tightly held within the covalent bonds of each constituent molecule.

· Molecular solids generally have a low melting point because of the relatively weak intermolecular forces present between the molecules.

· Molecular solids are sometimes composed of very large molecules, or polymers, with important commercial and biological applications.

· LO 2.31
The student can create a representation of a molecular solid that shows essential characteristics of the structure and interactions present in the substance.

· LO 2.32
The student is able to explain a representation that connects properties of a molecular solid to its structural attributes and to the interactions present at the atomic level.

· 5.B
Energy is neither created nor destroyed, but only transformed from one form to another.

· 5.B.3
Chemical systems undergo three main processes that change their energy: heating/cooling, phase transitions, and chemical reactions.

· 5.B.3c

Energy must be transferred to a system to cause it to melt (or boil).  The energy of the system therefore increases as the system undergoes a solid-liquid (or liquid-gas) phase transition.  Likewise, a system gives off energy when it freezes (or condenses).  The energy of the system decreases as the system undergoes a liquid-solid (or gas-liquid) phase transition. (Ch 11.4)

· 5.B.3d

The amount of energy needed to vaporize one mole of a pure substance is the molar enthalpy of vaporization, and the energy released in condensation has an equal magnitude.  The molar enthalpy of fusion is the energy absorbed when one mole of a pure solid melts or changes from the solid to liquid state and the energy released when the liquid solidifies has an equal magnitude. (Ch 11.4)

· 5.D
Electrostatic forces exist between molecules as well as between atoms or ions, and breaking the resultant intermolecular interactions requires energy.

· 5.D.1
Potential energy is associated with the interaction of molecules; as molecules draw near each other, they experience an attractive force.

· 5.D.1a

Chemists categorize intermolecular forces in terms of the nature of the charge distributions in the molecules involved.  Thus, dipole-dipole, dipole-induced dipole, and induced dipole-induced dipole (dispersion) can be defined. (Ch 11.2)

· 5.D.1b

All substances will manifest dispersion forces, and these forces, and these forces tend to be larger when the molecules involved have more electrons or have a larger surface area. (Ch 11.2)

· Hydrogen bonding is a relatively strong type of intermolecular interaction that occurs when hydrogen atoms that are covalently bonded to the highly electronegative atoms (N, O, and F) are also attracted to the negative end of a dipole formed by the electronegative atom (N, O and F) in a different molecule, or a different part of the same molecule.  When hydrogen bonding is present, even small molecules may have strong intermolecular attractions. (Ch11.2)

· LO 5.9

The student is able to make claims and/or predictions regarding relative magnitudes of the forces acting within collections of interacting molecules based on the distribution of electrons within the molecules and the types of intermolecular forces through which the molecules interact.

Chapter 13

· 2.A
Matter can be described by its physical properties.  The physical properties of a substance generally depend on the spacing between the particles (atoms, molecules, ions) that make up the substance and the forces of attraction between them.

· 2.A.3
Solutions are homogenous mixtures in which the physical properties are dependent on the concentration of the solute and the strengths of all interactions among the particles of the solutes and solvent.

· 2.A.3b

Solutions come in the form of solids, liquids and gases. (Ch 13.1)

· 2.A.3c

For liquid solutions, the solute may be a gas, liquid or a solid. (Ch 13.1)

· 2.A.3d

Based on the reflections of their structure on the microscopic scale, liquid solutions exhibit several general properties:

· the components cannot be separated by using filter paper.

· There are no components large enough to scatter visible light.

· The components can be separated using processes that are a result of the intermolecular interactions between and among the components. (Ch 13.1)

· 2.A.3g

The formation of a solution may be an exothermic or endothermic process, depending on the relative strengths of intermolecular/interparticle interactions before and after the dissolution process. (Ch 13.1)

· 2.A.3h

Generally, when ionic compounds are dissolved in water, the component ions are separated and dispersed.  The presence of ions in a solution can be detected by use of conductivity measurements. (Ch 13.1)

· 2.B
Forces of attraction between particles (including the noble gases and also different parts of some large molecules) are important in determining many macroscopic properties of a substance, including how the observable physical state changes with temperature.

· 2.B.3
Intermolecular forces play a key role in determining the properties of substances, including biological structures and interactions.

· 2.B.3b

Substances with similar intermolecular interactions tend to be miscible or soluble in one another.

· LO 2.15
The student is able to explain observations regarding the solubility of ionic solids and molecules in water and other solvents on the basis of particle views that include intermolecular interactions and entropic effects.

Unit 7 Test Big Ideas

·  Be able to explain why ionic compounds can dissolve in polar solvents.
· Be able to determine the strengths of Van der Waal forces between molecules in terms of their intermolecular forces present and their molecular mass.

· Be able to identify molecules with hydrogen bonds, dipole-dipole forces, dispersion forces.

· Understand the only force present in nonpolar compounds is dispersion.

· Know the criteria needed to determine if a compound will hydrogen bond.

· Understand the molecular structure of both amorphous and crystalline solids

· Understand what a covalent network solid is and what elements in the periodic table would most likely create a covalent network solid.

· Understand the cause for London dispersion forces.

· Understand how intermolecular forces impact each of the following and be able to choose compounds based on their molecular formula that best represent each:

· Surface tension

· Capillary effect

· Boiling point

· Vapor pressure

· Viscosity

· Volume after mixing two different compounds

· Understand the difference between intramolecular and intermolecular forces and the differences in strength between the two classes.

· Be able to read phase change diagrams and tell the phases of matter present and how changing temperature or pressure would impact the phase of matter.

· Be able to state whether different types of phase changes are endothermic or exothermic processes.

· Understand the difference between n-type and p-type doping and be able to identify elements from the periodic table that would cause this to occur.
· Understand how entropy, kinetic energy and temperature impact the phase of matter.

· Be able to demonstrate what an ionic compound looks like at the molecular level when it is dissolved in a solution (correctly show the ion-dipole interactions between the different ions and molecules present in the solution).

· Be able to explain why diamond and graphite have different properties even though they are both made of just carbon.

· Be able to draw molecules and the hydrogen bonds that can form between them.

· Understand that melting and freezing are opposite reactions in both phase change and enthalpy (same quantity but opposite magnitude).

· Understand that the difference in molar volumes between solids and liquids is small (negligible) compared to the difference between either and a gas.

· Understand how entropy applies to ionic compounds placed in solutions.
