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Chemistry 
Chemistry revolves around an atom’s 

electrons. An atom’s valence electrons 
determine how that atom combines with 
other atoms to form molecules. 

On a ball-and-stick model, this can be 
conceptualized and the number of holes 
in the ball that can serve as connection 
points, through bonds, to other atoms. 
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Valence electrons 
An atom’s electrons fill up the lowest levels 

first before occupying the next level.  
Valence electrons are electrons in the atom’s 

outer shell. 
An atom “wants” to fill up its outer shell with 

the full number of electrons for that shell.  
Really, it’s more that such a configuration of 

electrons is more stable. 
For our purposes, the first three shells are 

“filled up” at 2, 8, 8. (Although it’s actually more 
complicated than that.) 
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Hydrocarbons 
Hydrocarbons are molecules composed 

entirely of carbon atoms and hydrogen 
atoms.  
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Methane 

Ethane 
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Propane 

Undecane 
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Hydrocarbons 
Hydrocarbons are molecules composed 

entirely of carbon atoms and hydrogen 
atoms.  

A carbon atom is capable of bonding 
not only to hydrogen atoms but also to 
other carbon atoms, so there are 
essentially limitless varieties of 
hydrocarbons. 

Ethane 
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Ethylene 

Cyclooctane 
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Cyclooctane 

Tetrahedrane 
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Ethylethylene 

Isooctane 



18 

Mixture of hydrocarbons 

Crude 
Oil 

Coal 
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Some types of hydrocarbons  
by chemical bonds 

Alkanes – only single bonds, no rings 
Cycloalkanes – online single bonds, 1 ring 
Alkenes – at least one carbon-carbon 

double bond 
Alkynes – at least one carbon-carbon 

triple bond 
 
 

Some types of alkanes 
by melting, boiling point  

Gas – e.g., methane, propane 
Liquid – e.g., hexane, heptane, octane 
Wax – e.g., triacontane, pentacosane, 

heptatriacontane 
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Some types of alkanes 
by melting, boiling point  

Alkanes by 
numbers of 

carbon 
atoms 

1  CH4   methane   
2  C2H6  ethane 
3  C3H8  propane 
4  C4H10  butane 
5  C5H12  pentane 
6  C6H14  hexane 
7  C7H16  heptane 
8  C8H18  octane 
9  C9H20  decane 
20  C20H42  icosane 
30  C30H62  triacontane 
40  C40H82  tetracontane 
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Alkanes by 
numbers of 

carbon 
atoms 

1  CH4   methane   
2  C2H6  ethane 
3  C3H8  propane 
4  C4H10  butane 
5  C5H12  pentane 
6  C6H14  hexane 
7  C7H16  heptane 
8  C8H18  octane 
9  C9H20  decane 
20  C20H42  icosane 
30  C30H62  triacontane 
40  C40H82  tetracontane 

7  heptane 
8  octane 
9  prophane 
10  methane 
11  methane 
12  methane 

GASES 

LIQUIDS 

WAXES 

Combustion of hydrocarbons 

Combustion of methane: 
CH4 + 2 O2 à CO2 + 2 H2O + energy 

 
 

à 
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Combustion of hydrocarbons 

Combustion of methane: 
CH4 + 2 O2 à CO2 + 2 H2O + energy 

 
 

à 

Combustion of hydrocarbons 

Combustion of methane: 
CH4 + 2 O2 à CO2 + 2 H2O + energy 

 
 

à 
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Combustion of hydrocarbons 

Combustion of methane: 
CH4 + 2 O2 à CO2 + 2 H2O + energy 

 
 

à 
This is an exothermic reaction, because it gives off energy. 

Combustion of hydrocarbons 

Combustion of methane: 
CH4 + 2 O2 à CO2 + 2 H2O + energy 

 
 

is to 

is to 

as 
The blue trapezoid 

is supposed to be a 

tram on a hill (the 

green shape). 

JUST PRETEND! 
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Combustion of hydrocarbons 

Combustion of methane: 
CH4 + 2 O2 à CO2 + 2 H2O + energy 

 
 

is to 

is to 

as 

Combustion of hydrocarbons 

Combustion of methane: 
CH4 + 2 O2 à CO2 + 2 H2O + energy 

 
 

is to 

is to 

as 
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Energy differences 

methane 
CH4 + 2 O2  ethanol 

  C2H5OH + 3 O2  glucose 
     C6H12O6+ 6 O2  

 
 
 
 
CO2 + 2 H2O  2 CO2 + 3 H2O  6 CO2 + 6 H2O 
 
 

-50.1 
kJ/g -28.9 

kJ/g -14.2 
kJ/g 

Combustion of hydrocarbons 

Combustion of methane: 
CH4 + 2 O2 à CO2 + 2 H2O + energy 

 
 

à 
This is an exothermic reaction, because it gives off energy. 



26 

Combustion of hydrocarbons 

Combustion of methane: 
CH4 + 2 O2 à CO2 + 2 H2O + energy 

 
 

à 
This is an exothermic reaction, because it gives off energy. 

What if we 

wanted to do 

the reverse? 

Combustion of hydrocarbons 

Combustion of methane: 
CH4 + 2 O2 à CO2 + 2 H2O + energy 

 
 

à 
This is an exothermic reaction, because it gives off energy. 

What if we 

wanted to do 

the reverse? 

Turning carbon dioxide and 
water into methane and oxygen 
is an endothermic reaction. 
That means we need to put 
energy into the reaction to 
make it happen. 
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Combustion of hydrocarbons 

Combustion of methane: 
CH4 + 2 O2 à CO2 + 2 H2O + energy 

 
 

à 
This is an exothermic reaction, because it gives off energy. 

What if we 

wanted to do 

the reverse? 

Turning carbon dioxide and 
water into methane and oxygen 
is an endothermic reaction. 
That means we need to put 
energy into the reaction to 
make it happen. 

What could supply the 

energy needed to turn 

more stable molecules 

with less energetic bonds 

into less stable bonds with 

energetic hydrogen-

carbon bonds? 

The sun! 

Some types of hydrocarbons  
by chemical bonds 

Alkanes – only single bonds, no rings 
Cycloalkanes – online single bonds, 1 ring 
Alkenes – at least one carbon-carbon 

double bond 
Alkynes – at least one carbon-carbon 

triple bond 
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Some types of hydrocarbons  
by chemical bonds 

Alkanes – only single bonds, no rings 
Cycloalkanes – online single bonds, 1 ring 
Alkenes – at least one carbon-carbon 

double bond 
Alkynes – at least one carbon-carbon 

triple bond 
 
 

Can you 

categorize the 

following? 

Ethane 
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Ethane 

Alkane 

Undecane 
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Undecane 

Alkane 

Ethylene 
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Ethylene 

Alkene 

Methane 
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Methane 

Alkane 

Cyclooctane 
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Cyclooctane 

Cycloalkane 

Ethylethylene 
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Ethylethylene 

Alkene 

Propane 
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Propane 

Alkane 

What is this? 
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Acetylene (a/k/a ethyne ) 

Acetylene (a/k/a ethyne ) 

Alkyne 
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What is this? 

Hexane 
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Hexane 

Alkane 

Alkanes by 
numbers of 

carbon 
atoms 

1  CH4   methane   
2  C2H6  ethane 
3  C3H8  propane 
4  C4H10  butane 
5  C5H12  pentane 
6  C6H14  hexane 
7  C7H16  heptane 
8  C8H18  octane 
9  C9H20  decane 
20  C20H42  icosane 
30  C30H62  triacontane 
40  C40H82  tetracontane 

Can you 

categorize 

these? 
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Alkanes by 
numbers of 

carbon 
atoms 

1  CH4   methane   
2  C2H6  ethane 
3  C3H8  propane 
4  C4H10  butane 
5  C5H12  pentane 
6  C6H14  hexane 
7  C7H16  heptane 
8  C8H18  octane 
9  C9H20  decane 
20  C20H42  icosane 
30  C30H62  triacontane 
40  C40H82  tetracontane 

7  heptane 
8  octane 
9  prophane 
10  methane 
11  methane 
12  methane 

GASES 

LIQUIDS 

WAXES 

This slide deck © 2018 Eric E. Johnson. 
 

Konomark – most rights sharable. If  you would like to reuse this 
slideshow for free and perhaps change it up, please contact me via 
ericejohnson.com. I’m usually fine with that. 

 

 
A huge thank you to people and organizations who’ve put images 

in the public domain, especially to Ben Mills, for his ball-and-
stick molecule models on Wikimedia Commons. 
 
Molecule models, periodic table, and gas cylinder picture by others. Sunoco gas 
pump picture, candles picture, explosion illustration, and oil-and-gas-law course logo 
photo-illustration by EEJ. 
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Electron Energy Levels. BruceBlaus CC BY 3.0view terms. https://
commons.wikimedia.org/wiki/File:Blausen_0342_ElectronEnergyLevels.png#/
media/File:Blausen_0342_ElectronEnergyLevels.png 

DynaBlast, Covalently bonded hydrogen and carbon in a w:molecule of  
methane, Creative Commons Attribution ShareAlike License v. 2.5, CC BY-
SA 2.5, https://en.wikipedia.org/wiki/Valence_electron#/media/
File:Covalent.svg 

https://commons.wikimedia.org/wiki/File:Coal_example_structure_ball.png  
Jynto (talk) Karol Głąb (Karol007) - Own work Based on File:Struktura 
chemiczna węgla kamiennego.svg CC BY-SA 3.0 File:Coal example structure 
ball.png 
 

https://en.wikipedia.org/wiki/Alkane#/media/
File:AlkaneBoilingMeltingPoint.png Melting (blue) and boiling (orange) 
points of  the first 16 n-alkanes in °C. Techstepp. CC BY-SA 3.0 
File:AlkaneBoilingMeltingPoint.png  

https://commons.wikimedia.org/wiki/File:Electron_shell_006_Carbon_-
_no_label.svg Electron shell diagram for carbon, the 6th element in the periodic 
table of  elements. Pumbaa (original work by Greg Robson) - File:Electron shell 006 
Carbon.svg CC BY-SA 2.0 uk File:Electron shell 006 Carbon - no label.svg 
 

https://commons.wikimedia.org/wiki/File:Electron_shell_011_Sodium.svg 
Electron shell diagram for sodium, the 11th element in the periodic table of  
elements. Pumbaa (original work by Greg Robson) - File:Electron shell 011 
sodium.png CC BY-SA 2.0 uk File:Electron shell 011 Sodium.svg 
 

Electron shell diagram for Neon, the 10th element in the periodic table of  
elements. Greg Robson CC BY-SA 2.0 uk File:Electron shell 010 neon.png, 
https://commons.wikimedia.org/wiki/File:Electron_shell_010_neon.png#/
media/File:Electron_shell_010_neon.png 

https://commons.wikimedia.org/wiki/File:Electron_shell_017_Chlorine.svg 
Electron shell diagram for Chlorine, the 17th element in the periodic table of  
elements. Pumbaa (original work by Greg Robson) - Application: (generated by 
script) CC BY-SA 2.0 uk 

Electron configuration commons:User:Pumbaa (original work by 
commons:User:Greg Robson) - http://commons.wikimedia.org/wiki/
Category:Electron_shell_diagrams (corresponding labeled version) CC BY-SA 2.0 
uk File:Electron shell 001 Hydrogen - no label.svg, https://
commons.wikimedia.org/wiki/File:Electron_shell_001_Hydrogen_-
_no_label.svg#/media/File:Electron_shell_001_Hydrogen_-_no_label.svg 


