Thermodynamics

· Thermodynamics - The study of the laws that govern the conversion of energy from one form to another, the direction in which heat will flow, and the availability of energy to do work.  This is the total kinetic and potential energy of the atoms and molecules of the system that can be transferred directly as heat.

· Thermal Energy - is the energy that a substance possesses due to the, kinetic energy, or motion of its molecules.
· Temperature - is a measure of the average kinetic energy of the molecules of a substance.

· Heat - is the transfer of thermal energy from a hotter to a colder object.
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Thermal Images taken of the human body.

· Law of Conservation of Energy - in any chemical reaction or physical process, energy can be converted, from one form to another, but is neither created nor destroyed.

· Chemical Potential Energy - the energy stored in a chemical substance.  

States of Matter & Phase Changes
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States of Matter Properties

	Some Characteristics of Gases, Liquids and Solids and the Microscopic Explanation for the Behavior

	gas
	liquid
	solid

	assumes the shape and volume of its container 
particles can move past one another
	assumes the shape of the part of the container which it occupies 
particles can move/slide past one another
	retains a fixed volume and shape 
rigid - particles locked into place

	compressible 
lots of free space between particles
	not easily compressible 
little free space between particles
	not easily compressible 
little free space between particles

	flows easily 
particles can move past one another
	flows easily 
particles can move/slide past one another
	does not flow easily 
rigid - particles cannot move/slide past one another


Heat Transfer Calculations
q = m x Cp x T

q = amount of heat transferred in Joules (J) or Kilojoules (KJ)







      Calories (cal) or Kilocalories (kcal)

m = mass of substance in grams (g) or Kilograms (Kg)

Cp = specific heat - amount of heat required to raise the temperature of one gram of that substance by one degree Celsius in [J/(g oC)]

T = Change in temperature (Tfinal - Tinitial) or (Tf - Ti)

Conversion Factors:
1J = 0.2390cal






1cal = 4.184J & 1KJ = 1000J






1Calorie = 1kcal & 1kcal = 1000cal






1Kg = 1000g & 1g = .001Kg

mass (m)  is the unknown:
q = m(T)Cp
q =        m(T)Cp
---         -------------
(T)Cp     (T)Cp
m = q/{(T)Cp}
change in temperature (T)  is the unknown:


q = m(T)Cp
q = m(T)Cp
----  ---------------
m Cp     m Cp
T = q/(m x Cp)
Specific Heat (Cp) is the unknown: q = m(T)Cp
q = m(T)Cp
---   -------------
m(T)     m(T)
Cp = q/{m(T)}

The Phase Diagram


Phase Changes: Naming the Phase Change - 


Solid - Liquid
= 
Melting


Liquid - Solid
=
Freezing


Liquid - Gas
=
Vaporization


Gas - Liquid
=
Condensation


Solid - Gas 
=
Sublimation


Gas to Solid
=
Deposition

· Critical Point - is the temperature beyond which the molecules of a substance have too much kinetic energy to stick together and form a liquid. 

· Triple Point - is the temperature and pressure at which all three phases can exist simultaneously in equilibrium.

The Phase Diagram up Close:



The Laws of Thermodynamics

· First Law of Thermodynamics: Energy can be changed from one form to another, but it cannot be created or destroyed. The total amount of energy and matter in the Universe remains constant, merely changing from one form to another. 
The first law of thermodynamics is a consequence of conservation of energy and requires that a system may exchange energy with the surroundings strictly by heat flow or work. Therefore, for change in energy ΔE, heat change ΔQ, work done ΔW, 

ΔE = ΔQ - ΔW

1. Enthalpy: Determines the overall heat  of the reaction.  It depends only upon the initial and final state of the reactants/products.  
When bonds are formed, energy is released = Exothermic

When bonds are broken, energy is absorbed = Endothermic

· Bond Energy:


Bond energies Broken - Bond energies formed

Example:
2H2 (g) + O2 (g) ( 2H2O (g)
Bond   Bond Energy(KJ/mol)







H-H

436








O=O

499








O-H

463

Bond energies Broken - Bond energies formed


J)+(1)(499KJ)] - J
J) - (1852KJ)

J

Hess's Law: H for the reaction will be equal to the sum of the enthalpy changes for the individual steps
For Single Reactions:




H = Hf products - Hf reactants
For Reversed Multiple Reactions: 



H = Hf products + Hf reactants
· Second Law of Thermodynamics: states that "in all energy exchanges, if no energy enters or leaves the system, the potential energy of the state will always be less than that of the initial state." This is also commonly referred to as entropy.

1. Entropy - The degree of disorder in a system. As energy is transferred from one form to another, some is lost as heat; as the energy decreases, the disorder in the system and entropy increases. S
Ssystem = Sproducts - Sreactants
Predictions for Ssystem:

1. Entropy changes associated with changes of state.  

(s) ( (l) Ssystem > 0

(l) ( (g) Ssystem > 0
2. Dissolving a gas in a solvent always results in a decrease in entropy.  


CO2 (g) ( CO2 (aq) Ssystem < 0
3. Assuming no change in physical state, the entropy of a system usually increases when the number of gaseous product particles are greater than the number of gaseous reactant particles.  (# of Moles)


2SO3 (g) ( 2SO2 (g) + O2 (g)Ssystem > 0 

4. With some exceptions, you can predict the change in entropy when a solid or a liquid dissolves to form a solution.  


NaCl (s) ( Na+ (aq) + Cl- (aq) Ssystem > 0
5. An increase in the temperature of a substance is always accompanied by an increase in the random motion of its particles.  

Comparing Enthalpy and Entropy:


H

S

Then:

-

+

The Rxn is exothermic & spontaneous


+

-

The Rxn is endothermic & non-spontaneous

Energy Reaction Diagrams

· The energy needed for a reaction to move forward is called the Activation Energy and is abbreviated Ea


Catalysts and Energy Diagrams:



.

Classroom Demos

http://www.chm.davidson.edu/ChemistryApplets/index.html#PhaseChanges

http://www.harcourtschool.com/activity/states_of_matter/

Heats of Formation Table

Thermochemistry Table for Common Compounds
	Compound 
	Hf (kJ/mol) 
	Compound 
	Hf (kJ/mol) 

	AgBr(s) 
	-99.5 
	C2H2(g) 
	+226.7 

	AgCl(s) 
	-127.0 
	C2H4(g) 
	+52.3 

	AgI(s) 
	-62.4 
	C2H6(g) 
	-84.7 

	Ag2O(s) 
	-30.6 
	C3H8(g) 
	-103.8 

	Ag2S(s) 
	-31.8 
	n-C4H10(g) 
	-124.7 

	Al2O3(s) 
	-1669.8 
	n-C5H12(l) 
	-173.1 

	BaCl2(s) 
	-860.1 
	C2H5OH(l) 
	-277.6 

	BaCO3(s) 
	-1218.8 
	CoO(s) 
	-239.3 

	BaO(s) 
	-558.1 
	Cr2O3(s) 
	-1128.4 

	BaSO4(s) 
	-1465.2 
	CuO(s) 
	-155.2 

	CaCl2(s) 
	-795.0 
	Cu2O(s) 
	-166.7 

	CaCO3 
	-1207.0 
	CuS(s) 
	-48.5 

	CaO(s) 
	-635.5 
	CuSO4(s) 
	-769.9 

	Ca(OH)2(s) 
	-986.6 
	Fe2O3(s) 
	-822.2 

	CaSO4(s) 
	-1432.7 
	Fe3O4(s) 
	-1120.9 

	CCl4(l) 
	-139.5 
	HBr(g) 
	-36.2 

	CH4(g) 
	-74.8 
	HCl(g) 
	-92.3 

	CHCl3(l) 
	-131.8 
	HF(g) 
	-268.6 

	CH3OH(l) 
	-238.6 
	HI(g) 
	+25.9 

	CO(g) 
	-110.5 
	HNO3(l) 
	-173.2 

	CO2(g) 
	-393.5 
	H2O(g) 
	-241.8 

	H2O(l) 
	-285.8 
	NH4Cl(s) 
	-315.4 

	H2O2(l) 
	-187.6 
	NH4NO3(s) 
	-365.1 

	H2S(g) 
	-20.1 
	NO(g) 
	+90.4 

	H2SO4(l) 
	-811.3 
	NO2(g) 
	+33.9 

	HgO(s) 
	-90.7 
	NiO(s) 
	-244.3 

	HgS(s) 
	-58.2 
	PbBr2(s) 
	-277.0 

	KBr(s) 
	-392.2 
	PbCl2(s) 
	-359.2 

	KCl(s) 
	-435.9 
	PbO(s) 
	-217.9 

	KClO3(s) 
	-391.4 
	PbO2(s) 
	-276.6 

	KF(s) 
	-562.6 
	Pb3O4(s) 
	-734.7 

	MgCl2(s) 
	-641.8 
	PCl3(g) 
	-306.4 

	MgCO3(s) 
	-1113 
	PCl5(g) 
	-398.9 

	MgO(s) 
	-601.8 
	SiO2(s) 
	-859.4 

	Mg(OH)2(s) 
	-924.7 
	SnCl2(s) 
	-349.8 

	MgSO4(s) 
	-1278.2 
	SnCl4(l) 
	-545.2 

	MnO(s) 
	-384.9 
	SnO(s) 
	-286.2 

	MnO2(s) 
	-519.7 
	SnO2(s) 
	-580.7 

	NaCl(s) 
	-411.0 
	SO2(g) 
	-296.1 

	NaF(s) 
	-569.0 
	So3(g) 
	-395.2 

	NaOH(s) 
	-426.7 
	ZnO(s) 
	-348.0 

	NH3(g) 
	-46.2 
	ZnS(s) 
	-202.9 


Bond Energies



Single Bonds
	
	H
	C
	N
	O
	S
	F
	Cl
	Br
	I


	H
	432
	 
	 
	 
	 
	 
	 
	 
	 

	C
	411
	346
	 
	 
	 
	 
	 
	 
	 

	N
	386
	305
	167
	
	
	
	
	
	

	O
	459
	358
	201
	142
	 
	 
	 
	 
	 

	S
	363
	272
	---
	---
	226
	 
	 
	 
	 

	F
	565
	485
	283
	190
	284
	155
	 
	 
	 

	Cl
	428
	327
	313
	218
	255
	249
	240
	 
	 

	Br
	362
	285
	---
	201
	217
	249
	216
	190
	 

	I
	295
	213
	---
	201
	---
	278
	208
	175
	149


Multiple Bonds


	C=C
	602
	C=N
	615
	C=O
	745(799 in CO2

	C[image: image1.png]


C
	835
	C[image: image2.png]


N
	887
	C[image: image3.png]


O
	1072

	N=N
	418
	N=O
	607
	S=O (in SO2)
	532

	N[image: image4.png]


N
	942
	O2
	494
	S=O (in SO3)
	469


	
	[image: image5.png]


Heats of Formation 
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Cations and Anions in Aqueous Solution 



	Cations 
	Hf (kJ/mol) 
	Anions 
	Hf (kJ/mol) 

	Ag+(aq) 
	+105.9 
	Br-(aq) 
	-120.9 

	Al3+(aq) 
	-524.7 
	Cl-(aq) 
	-167.4 

	Ba2+(aq) 
	-538.4 
	ClO3-(aq) 
	-98.3 

	Ca2+(aq) 
	-543.0 
	ClO4-(aq) 
	-131.4 

	Cd2+(aq) 
	-72.4 
	CO32-(aq) 
	-676.3 

	Cu2+(aq) 
	+64.4 
	CrO42-(aq) 
	-863.2 

	Fe2+(aq) 
	-87.9 
	F-(aq) 
	-329.1 

	Fe3+(aq) 
	-47.7 
	HCO3-(aq) 
	-691.1 

	H+(aq) 
	0.0 
	H2PO4-(aq) 
	-1302.5 

	K+(aq) 
	-251.2 
	HPO42-(aq) 
	-1298.7 

	Li+(aq) 
	-278.5 
	I-(aq) 
	-55.9 

	Mg2+(aq) 
	-462.0 
	MnO4-(aq) 
	-518.4 

	Mn2+(aq) 
	-218.8 
	NO3-(aq) 
	-206.6 

	Na+(aq) 
	-239.7 
	OH-(aq) 
	-229.9 

	NH4+(aq) 
	-132.8 
	PO43-(aq) 
	-1284.1 

	Ni2+(aq) 
	-64.0 
	S2-(aq) 
	+41.8 

	Pb2+(aq) 
	+1.6 
	SO42-(aq) 
	-907.5 

	Sn2+(aq) 
	-10.0 
	 
	 

	Zn2+(aq) 
	-152.4 
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