States of Matter

· Solid - particles close together, well ordered, very little movement

· Liquid - particles close together, disordered, more movement

· Gas - particles spread apart, disordered, lots of movement
· IMF are responsible for keeping liquid (and to some extent solid) particles together
Intermolecular Forces

· Forces that hold molecules together

· Are weaker than covalent or ionic bonding

· Two main types

· dipole-dipole forces

· london dispersion forces

Dipole-Dipole Forces

· The attraction of molecules with dipole moments

· positive end attracts negative end of another molecule

· 1% as strong as covalent or ionic bonds

· Hydrogen bonding - a particularly strong type of dipole force

· occurs only between hydrogen and N, O, F

London Dispersion Forces

· Force of attraction between atoms or non-polar molecules

· Very weak, short-lived

· Atoms/Molecules can form a temporary dipole, which in turn induces a temporary dipole on a neighboring atom/molecule

· The more electrons, the stronger the LDF

IMF

· Hydrogen > Dipole-dipole > LDF 

· The higher IMF, the higher melting point and boiling point of a substance

Surface Tension

· Resistance of a liquid to increase its surface area

· resists because IMF must be overcome

· Molecules on the surface are attracted to molecules to either side and below

· tend to form spheres (minimum surface area)

· Larger IMF = greater surface tension

Capillary Action

· spontaneous rising of a liquid in a narrow tube

· Exhibited by polar liquids

· Is a battle between cohesive (IMF) and adhesive (forces between molecules and container) forces

· concave meniscus : adhesive > cohesive

· convex meniscus: cohesive > adhesive

Viscosity

· measure of a liquids resistance to flow

· stronger IMF = greater viscosity (flows less)

· the complexity of molecules can also increase viscosity (because molecules can become entangled with one another)

Structures and Types of Solids

· Crystalline Solids

· highly regular arrangement of particles

· represented by a lattice  (3D depiction of position of particles)

· smallest repeating unit - unit cell

· Amorphous Solids

· disorderly structure (on a molecular level)

· particles are just frozen in place (glass)

Crystalline Solids

· Structures are determined by X-ray diffraction

· Ionic Solids - ions packed together in a lattice (ions at lattice points)

· Molecular Solids - molecules at the lattice points

· Atomic solids - atoms at lattice points

· three groups: metallic solids, network solids, group 8A solids

· very different properties arise from different bonding 

Metallic Solids

· Metals have high conductivity, are malleable and ductile

· This is because metals have nondirectional covalent bonding (bonded to each other equally in all directions - not localized) and are arranged in a closest packing structure (to make the most efficient use of space)

Alloys

· Contain a mixture of elements and have metallic properties

· Two types

· interstitial alloy: holes in the metal structure are occupied by smaller atoms (steel - iron/carbon)

· substitutional alloy:  metal atoms are replaced by other metal atoms of similar size (brass - copper/zinc)

Network Atomic Solids

· Strong directional covalent bonds (makes them strong)

· Tend to be brittle, non-conducting

· Formed mostly with carbon or silicon

· carbon - graphite, diamond

· silicon - silica, silicates

Carbon

· Diamond - tetrahedral arrangement of carbon atoms (results in one large molecule)

· extremely hard and durable, colorless (mostly) (used as a cutting implement for industrial applications)

· Graphite - trigonal planar arrangement (resulting in six member rings) - layers weakly bonded together

· black, soft, slippery (used as a lubricant in locks)

Silicon

· Silica - tetrahedral arrangement of silicon and oxygen (silica in center, oxygen surrounding)

· empirical formula is SiO2
· when heated to a high temperature and cooled quickly - results in glass (amorphous solid)

· glass properties can be changed by adding different substances

Molecular Solids

· molecules at lattice points

· strength of intermolecular forces determines whether substance will be a solid, liquid or gas at room temperature (stronger the IMF, the more solid substance will be)

Ionic solids

· ions at lattice points

· stable substances

· very high melting points

· structure will minimize repulsion between like charges and maximize attraction between opposite charges

Vapor Pressure and State Changes

· vaporization (or evaporation)

· state change from liquid to gas

· requires energy to overcome IMF (endothermic)

· condensation is the reverse process (gas to liquid)

· heat (or enthalpy) of vaporization : ((Hvap)

· amount of heat required to vaporize 1 mole of a liquid at a pressure of 1 atm

Vapor Pressure

· the pressure exerted by a gas above a liquid (in a closed container) at equilibrium

· equilibrium is the point at which the number of molecules in the gas phase does not change

· is a dynamic process (some particles are evaporating while others are condensing)

· Pvapor = Patmosphere -PHg column
Vapor Pressure (continued)

· volatile  - evaporates rapidly from an open container

· higher vapor pressure = lower IMF

· forces keeping particles together are not as strong - more can escape into the gas phase

· higher temperature = higher vapor pressure

· particles will have more K.E., more are able to overcome IMF to escape into the gas phase

Temperature and Pvap
· relationship can be represented graphically

· ln(Pvap) = -(Hvap (1)  + C
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plot of ln(Pvap) vs (1/T) yields a line with slope 
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Temperature and Pvap
· This equation allows us to compare the vapor pressure at several temperatures

· if we know the vapor pressure at one temperature, we can determine the vapor pressure at a second temperature

ln (Pvap, T1)  = (Hvap  (1   -  1)

ln(Pvap, T2)         R        T2    T1
Phase Changes

Changes of state

· The plateau where melting occurs represents the enthalpy of fusion ((Hfus)

· The plateau where vaporization occurs represents the enthalpy of vaporization ((Hvap)

· The longer the plateau is, the larger the magnitude of (H 

· kinetic energy is increasing on the sloping lines, potential energy is increasing on the plateaus

Changes of state

· Normal melting point 

· temperature at which liquid and solid have equal vapor pressures when the total pressure is equal to 1 atm (760 mm Hg).

· Normal boiling point

· point at which the vapor pressure of the liquid is exactly 1 atm (760 mm Hg)

Changes of state

· State changes do not always occur at the NMP or NBP

· supercooling - when a liquid drops below the NMP without becoming a solid 

· superheating - when a liquid rises above the NBP without becoming a gas 

Phase diagrams

· represents the different phases of a substance as a function of temperature and pressure (in a closed system)

· triple point - point at which three different states can coexist at equilibrium

· critical temperature - temperature above which vapor can not become a liquid, regardless of pressure

· critical pressure - pressure required to liquify a vapor at the critical temperature

· critical point - combination of the critical pressure and critical temperature 

Phase diagrams

· the slope of the solid/liquid line tells us whether the solid or liquid phase is more dense

· negative slope indicates the liquid is more dense

· positive slope indicates that the solid is more dense 

