Big Idea 5: The laws of thermodynamics describe the essential role of energy and explain and predict the direction of changes in matter.
Systems in thermal contact exchange energy called heat.

Heat lost = heat gained problems


q = m(Cp)( ΔT)
Temperature is measure of average kinetic energy (KE)
· Same for all molecules in same container

· Same for all molecules at same T

Maxwell-Boltzmann Distribution

Thermal equilibrium- arrive at same temperature

First Law of Thermodynamics- conservation of energy

Second Law of Thermodynamics- tendency toward entropy
Work- additional form of energy transfer, for example expansion of a gas

Work = P ΔV

Three main processes that change the energy of a physical system

· Heating or cooling

· Specific heat- the amount of energy needed to heat 1 g of a substance by 1 °C. 
· Phase transitions

· Gas gives off energy when it condenses, liquid gives of energy when it freezes

· Molar enthalpy of vaporization-

· Molar enthalpy of fusion-
· Chemical reactions

Calorimetry- chemical system is in contact with a water bath so heat exchange can be quantified
Breaking bonds requires energy & making bonds releases energy
· Bond energy- energy required to break a bond

· ΔHrxn is the net change in enthalpy

· Estimate ΔHrxn from bond energies

Find ΔH for the following reaction given the following bond energies:

2H2O ( 2H2 + O2
Bond
 
Bond Energy

(kJ/mol)

H-H

436

O=O

499

O-H

463
Energy diagrams
Endothermic reactions make surroundings colder and exothermic reactions make surroundings warmer
Hess’s Law

Given the following data: 

	
	H2(g) --> 2H(g)
	ΔH° = 436.4 kJ

	
	Br2(g)   --> 2Br(g)
	ΔH° = 192.5 kJ

	
	H2(g) + Br2(g) --> 2HBr(g)  
	ΔH° = -72.4 kJ


Calculate ΔH° for the reaction


H(g) + Br(g) ( HBr(g)

Chemical processes- break/make bonds between atoms

Physical processes- break/make connections between molecules (phase changes)

Some reactions can be classified as both
Reactions are either driven by enthalpy or entropy or both

“Thermodynamically favored”
If a reaction is not favored, it can be driven with an external source of energy, 

1. Electrolytic cells 

2. Light source- 

a. ionization caused by photons

b. photosynthesis

3. “Coupling” an unfavorable reaction with a favorable reaction, reactions have a common intermediate and overall reaction has a negative ΔG.
Thermodynamically favored reactions don’t always occur  (or occur really slowly) because of kinetic constraints and is therefore under kinetic control. 
· Often due to high Ea.
