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� De�nitions

� Phase Changes

� Thermo dynamics: Bond Energies

� Kinetics

� F uels

� Energy Reserves/P otential

De�nitions
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Thermo dynamics: Study of energy changes asso ciated with chemical reactions

Kinetics: Study of the rate of chemical reactions

Thermo dynamics allo ws us to kno w whether a reaction is p ossible. Kinetics tells us

ho w fast the reaction can o ccur.

F ree Energy
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Energy change of a chemical reaction b rok en into t w o pa rts.

Enthalp y: Heat change asso ciated with a reaction. Due to fo rmation and b reaking

of b onds.

Entrop y: Measure of diso rder caused b y reaction.

Enthalp y
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� Breaking b onds allo ws requires energy . By convention, � H is p ositive.

O 2 �! 2 O � H = +494,000

J
mol

� F o rming b onds allo ws releases energy . � H fo r this is negative.

2 O �! O 2 � H = -494,000

J
mol



Entrop y
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If diso rder/randomness increases, entrop y ( � S) is p ositive.

� If numb er of comp ounds increases, � S increases.

N 2 O 4 �! 2 NO 2 � S = +177

J
mol K �

� F o r phase changes, solid �! liquid o r liquid �! gas, � S increases.

H 2 O (liquid ) �! H 2 O (gas) � S = +119

J
mol K �

Gibbs F ree Energy
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� G = � H - T � S

� If � G < 0 (negative)

Reaction is sp ontaneous. Once sta rted, ma y p ro ceed without added energy .

� If � G > 0 (p ositive)

Reaction is not sp ontaneous. Cannot o ccur without added energy .

Phase Change: Boiling W ater
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H 2 O (liquid ) �! H 2 O (gas)

Enthalp y (heat) must b e added to b reak intermolecula r fo rces. � H p ositive

� H = +44,000

J
mol

Entrop y increases. � S p ositive

� S = +119

J
mol K �

Boiling W ater
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� G = � H - T � S

� If T = 0

�

K

� G = � H - 0* � S = � H = +44,000 J

Not sp ontaneous. W ater do esn't b oil when it is cold.

� If T = 400

�
K (127

�
C)

� G = � H - 400* � S

� G = +44,000J - (400

�

K * +119

J
mol K � )

� G = 44,000J - 47,600J = -3,600 J

Sp ontaneous. W ater b oils at high temp eratures.

Bond Energies: HCl
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H 2 + Cl 2 �! 2 HCl

H 2 + Cl 2 ! HCl
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H�H + Cl�Cl �! H�Cl + H�Cl

Break b onds F o rm b onds

+432 +240 -428 -428

+672 -856

� H = +672 - 856 = -184

kJ
mol



F o rmation of W ater
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2 H 2 + O 2 �! 2 H 2 O

W ater Bonds
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2 H�H + O=O �! 2 H�O�H

Break b onds F o rm 4 O�H b onds

2*(+432) +494 4*(-460)

+1358 -1840

� H = +1358 - 1840 = -482

kJ
mol

Diamond to Graphite
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C (diamond ) �! C (graphite )

� G = -2.85

kJ
mol at ro om temp erature

� Graphite is mo re stable than ca rb on!

� F o rmation of diamonds requires sp ecial conditions

� Reaction if VERY slo w under no rmal conditions

Kinetics
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Reactants (sta rting materials) must go over ba rrier to fo rm p ro ducts. The higher

the ba rrier (E a = energy of activation), the slo w er the reaction.

Catalysts
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� Catalysts increase the rate of chemical reactions b y lo w ering the activation

energy (ba rrier).

� Catalysts do NOT change � G o r � H. Therefo re, a catalysts cannot mak e an

'imp ossible' reaction p ossible.

� Catalysts imp o rtant fo r:

� Bio chemistry

� F uel p ro cessing

F uels
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Combustion
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F o r most fuels:

o rganic fuel + O 2 �! CO 2 + H 2 O + heat

T o b e useful, � H combustion must b e negative. That is, the fuel must give o� energy .

Common fuels include:

� Natural gas - mostly CH 4

� Propane - C 3 H 8

� Gasoline - A complex mixture of hydro ca rb ons

� Coal - Complex mixture containing C, H, O, N, S, : : :

Energy Content of F uels
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F rom heats of combustion, the follo wing results have b een obtained.

Molecule F o rmula %C %O %H k cal/gram

hydrogen H 2 0% 0% 100% 60

p ropane C 3 H 8 82% 0% 18% 12

o ctane C 8 H 18 84% 0% 16% 11

ethanol C 2 H 6 O 52% 35% 13% 7

coal ? 84% 8% 5% 5.7-7.3

methanol CH 4 O 37% 50% 13% 5.4

w o o d ? 50% 41% 6% 2.5-3.4

Oxygenated F uels
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A ddition of o xygen generally decreases the fuel value. Regulations require addition

of o xygenated comp ounds to gasoline in o rder to decrease the amount of p oisonous

CO (ca rb on mono xide) p ro duced.

Example:

CH 4 + 2 O 2 �! CO 2 + 2 H 2 O

Complete combustion of methane

CH 4 +

3
2 O 2 �! CO + 2 H 2 O

Incomplete combustion (less O 2 required)

If insu�cient o xygen is p resent during combustion, signi�cant quantities of CO can

b e fo rmed.

Current F uel Sources
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Generation of Electricit y

http://pubs.acs.o rg/cen/coversto ry/820 8/8 208c oal. html

Proven Oil Reserves
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http://www.op en.ac.uk/T206/3longtour.htm

Unp roven Oil Reserves
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http://www.radfo rd.edu/ wk ova rik/oil/oilcha rts.html

http://pubs.acs.org/cen/coverstory/8208/8208coal.html
http://www.open.ac.uk/T206/3longtour.htm
http://www.radford.edu/~wkovarik/oil/oilcharts.html


Crude Oil Pro duction
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http://ea rthsci.o rg/

Oil Reserves b y Country
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http://www.a rt4exec.o rg/energy_w o rkshop.htm

U.S. Imp o rts
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Data from Dept. of Energy data . (Do esn't include exp o rts)

Pro duction & Imp o rts
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Data from http://www.azgs.az.gov/ .

Natural Gas Reserves

Dr. Ea rley Chemistry in Our W o rld � 29 / 38

http://www.op en.ac.uk/T206/3longtour.htm

Oil + Gas Reserves
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http://www.a rt4exec.o rg/energy_w o rkshop.htm

http://earthsci.org/education/teacher/basicgeol/fossil_fuels/fossil_fuels.html
http://www.art4exec.org/energy_workshop.htm
http://tonto.eia.doe.gov/dnav/pet/pet_sum_crdsnd_adc_mbblpd_m.htm
http://www.azgs.az.gov/Winter2001.htm
http://www.open.ac.uk/T206/3longtour.htm
http://www.art4exec.org/energy_workshop.htm


Coal Reserves
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http://www.op en.ac.uk/T206/3longtour.htm

Oil + Gas + Coal Reserves
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http://www.a rt4exec.o rg/energy_w o rkshop.htm

Alternative Energy Sources
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Uranium Reserves
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http://www.cameco.com/

US Sola r P otential
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http://www.a rt4exec.o rg/energy_w o rkshop.htm

US Wind P otential
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http://www.a rt4exec.o rg/energy_w o rkshop.htm

http://www.open.ac.uk/T206/3longtour.htm
http://www.art4exec.org/energy_workshop.htm
http://www.cameco.com/uranium_101/uranium_science/uranium/index.php
http://www.art4exec.org/energy_workshop.htm
http://www.art4exec.org/energy_workshop.htm


Ohio Wind P otential
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http://rredc.nrel.gov/wind/pubs/atlas/maps/chap3/318m.html

Problems
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� Energy consumption is increasing

� Finite amounts of current fuels

� Some p roblems with current fuels

� Combustion engines increase NO x

� Coal increases SO x

� Radioactive w aste from nuclea r reacto rs

� Oil, coal, ... increase CO 2

http://rredc.nrel.gov/wind/pubs/atlas/maps/chap3/3-18m.html
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