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Chemical Reactions

Dr. Ron Rusay

General Chemical Reactions

❥  Any chemical reaction can be described as 
a molecular or atomic change. It produces 
one or more observable changes.

✿  e.g. color change, gas bubbles, heat, etc.
✿  Reactions are generally described as: 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Reactant(s)       Product(s)

The Reaction of Sodium & Chlorine

The reaction is written as a chemical equation with chemical formulas:

    2 Na + Cl2      2 NaCl
Reactants       Product

https://phet.colorado.edu/sims/html/balancing-chemical-equations/latest/balancing-
chemical-equations_en.html 

 

Chemical Reactions 
Lab Activity

https://forms.gle/bjRQ3qr9bPvhA6Br7 
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Chemical Equations

Chemical equations describe the change(s) in 
Reactant(s) to Product(s) including physical 
state(s).

✿  Notations: (g), (l), (s), (aq)
  

1

Types of Chemical Reactions

✿ Combination (Synthesis)
✿ Decomposition
✿ Single Displacement
✿ Double Displacement
✿ Combustion: Oxidation-Reduction
✿ Biological Reactions: Enzyme Catalysts

Example: Fermentation
http://www.piney.com/BabNinkasi.html)  

_________________ 
 
 
 

A	Biological	Reaction:	
Alcohol	from	fermentation	of	sugars	

https://www.youtube.com/watch?v=y5XEwTDlriE 

Chemical	Reactions	(Biological	Reaction)	
Bakers’	yeast	fermentation	

http://www.piney.com/BabNinkasi.html  

https://www.youtube.com/watch?v=vW99JEaDApY 

zymase 

Amino	Acids	&	Enzymes	
Pre-set	Legos	of	Chemical	Biology	&	Bio-catalysis	

Amino acids contain , , oxygen, and nitrogen, 
which resemble the following shapes & structural components 

• 20 different amino acids are encoded in DNA providing a genetic code, an 
archive representing specific sequences of amino acids, which are linked 
together forming a specific protein. 

• Hundreds of amino acids are linked together through amide (peptide) bonds to 
form these proteins, some of which, enzymes, provide the catalytic basis for the 
chemistry of life. 
 

• There are less than 20,000 total proteins produced from humans’ entire DNA 
genome, each coded for by a specific gene in DNA’s ~3 billion genetic bases. 

Amino	Acids							Proteins	
Enzymes:	Indispensible	Biopolymers	

Amylase	
https://www.chemistryworld.com/podcasts/amylase/4011191.article	

Amylase, an enzyme, which catalyzes a key reaction in converting starches 
found in barley and other grains to simpler sugars, which another enzyme, 

zymase, ultimately converts to ethanol (alcohol). 

Molar Mass: 44576 g/mol  
Atoms: 3148  
Amino Acid Residues: 396 
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zymase 

Virtual Virtual Fermentation	
✿ Biological	Reactions:	Enzyme	Catalysts	

Fermentation	

109.68 g 
85.72 g 

General Chemical Reactions

http://chemconnections.org/general/movies/rxn-types.mov 

Chemical Reactions

✿ Combination (Synthesis)
✿ A + B       C
✿ Example:

•  H2 (g)  + O2 (g)        H2O (g) 

Balancing (Conservation of Atoms):
2  H2 (g)  + O2 (g)         2  H2O (g)

Synthesis of Water 

Three Balloons:
https://www.youtube.com/watch?
v=a6qGIMqDKwA&index=4&list=PLA3383CE72437FC43

http://chemconnections.org/general/movies/H2O-form.MOV 

2 H2 (g)  + O2 (g)        2 H2O (g) An Unwanted Synthesis of Water �
Combustion & the Hindenburg 1937

2 H2 (g)  + O2 (g)        2 H2O (g) 

Werner G. Doehner, Last Survivor of the Hindenburg, 
Dies at 90, November 2019 
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Chemical Reactions

✿ Combination (Synthesis)
✿ A + B       C

•  Mg(s)  + O2 (g)        MgO (s) 

Balancing (Conservation of Atoms):
2  Mg(s)  +  1  O2 (g)         2  MgO (s) 

https://www.youtube.com/watch?v=KcNNdOyVuTA&feature=youtu.be 

https://forms.gle/AQKCjF8qGGw2x8hZ8 

Photosynthesis & Food 
https://www.youtube.com/watch?v=eo5XndJaz-Y 

A + B       C + D

chlorophyll

Combination (Synthesis)

Photosynthesis & Food 
https://www.youtube.com/watch?v=eo5XndJaz-Y 

A + B       C + D

chlorophyll

✿ Combination (Photo-Synthesis)

Types of Chemical Reactions

✿ Combination (Synthesis)
✿ Decomposition
✿ Single Displacement
✿ Double Displacement
✿ Combustion: Oxidation-Reduction
✿ Biological Reactions: Enzyme Catalysts

Example: Fermentation
http://www.piney.com/BabNinkasi.html)  

_________________ 

Chemical Reactions �
(Balancing Chemical Equations)

✿ Decomposition
✿ A        B + C
✿ _ NI3 (s)      _ N2 (g) + _ I2 (s)2                        1                   3 

Chemical Reactions �
(Balancing Chemical Equations)

✿ Decomposition
✿ A        B + C
✿ _ NI3 (s)      _ N2 (g) + _ I2 (s)2                        1                   3 

__ A        __ B + __ C1 1 X 

https://forms.gle/fkssFiStkUXCY7c36 
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Ammonium nitrate, when heated, decomposes into 
nitrogen gas, oxygen gas, and water vapor. What is the 
sum of the coefficients in the balanced equation using 
smallest integer coefficients? 
 

A) 3   B) 5   C) 7   D) 9 

QUESTION

? NH4NO3 (s)         ? N2 (g)+  ? O2 (g) +  ? H2O (g)

Ammonium nitrate, when heated, decomposes into 
nitrogen gas, oxygen gas, and water vapor. What is the 
sum of the coefficients in the balanced equation using 
smallest integer coefficients? 
 

A) 3   B) 5   C) 7   D) 9 

ANSWER

2 NH4NO3 (s)         2 N2 (g)+  1 O2 (g) +  4 H2O (g)

https://www.youtube.com/watch?v=kJEnfzlR1HY 

https://www.youtube.com/watch?v=93tV6-0Ugwk 

Chemical Reactions

ð  Single Displacement
ð  AB + C       CB + A
ð  Example:

•  HCl (aq) + Mg (s)        MgCl2 (aq) + H2 (g)
•  Balanced Equation: ?

2 HCl (aq) + Mg (s)        MgCl2 (aq) + H2 (g)

Name HCl(aq) ?  Hydrochloric acid 

Single Displacement

ð  Write a balanced equation for the 
following reaction:

 Cu(s) + 2 AgNO3(aq)        2 Ag(s) + Cu(NO3)2 (aq)

✿ Double Displacement
✿ AB + CD        AD + CB
✿ Example:

•  A solution of sodium phosphate reacts with 
a solution of silver nitrate to produce 
aqueous sodium nitrate and a precipitate of 
silver phosphate.

•  Balanced equation: ?

 Na3PO4 (aq) + 3 AgNO3 (aq)       Ag3PO4 (s) + 3 NaNO3 (aq)

Double Displacement

H2SO4(aq) + 2 NaOH(aq) → Na2SO4(aq) +  2 H2O(l)  

https://www.youtube.com/watch?v=KcNNdOyVuTA&feature=youtu.be 

To be completed later. 

To be completed later. 

Double Displacement
https://forms.gle/AQKCjF8qGGw2x8hZ8 
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Chemical Equations

• Combustion / Oxidation-Reduction:
C8H18(l)+ O2(g)        CO2(g)  + H2O(l)

✿ Oxygen reacts with octane to produce carbon dioxide and water.

✿ Reminder: the equation must balance:

✿  2 C8H18(l)+ 25 O2(g)        16 CO2(g)+18 H2O(l) 

Carbon is oxidized: looses 4 electrons 
Oxygen is reduced: gains 2 electrons 

Combustion & Camels

Carbon is oxidized: looses 4 electrons 
Oxygen is reduced: gains 2 electrons 

C56H108O6 (l) + 80 O2 (g) → 56 CO2 (g) + 54 H2O (l) 
enzymes 

http://www.djur.cob.lu.se/Djurartiklar/Kamel.html 

Molecular Modeling 
http://molview.org  

 

C56H108O6  C8H18  

Oxidation: Breaking & Making Bonds 

QUESTION

Determine the coefficient for O2 when the 
following equation is balanced in standard form 
(smallest whole number integers) 

C4H10(g) + O2(g) → CO2(g) + H2O(g) 
 

A) 4  B) 8  C)10  D)13  E)20 
 

Answer
Determine the coefficient for O2 when the 
following equation is balanced in standard form 
(smallest whole number integers) 

C4H10(g) + 13/2 O2(g) →  4CO2(g) + 5 H2O(g) 
 

A) 4  B) 8  C)10  D)13  E)20 
 
2 C4H10(g) + 13 O2(g) →  8 CO2(g) + 10 H2O(g) 

 

Answer

  
 

 
 

 

 
 

2 C8H18 (l)+ 25 O2(g)        16 CO2(g)+18 H2O(l)  

2 C4H10 (l)+ 13 O2(g)        8 CO2(g)+ 10 H2O(l)  

The coefficient for O2 when the following equation is balanced in 
standard form (smallest whole number integers) 

C4H10(g) + O2(g) → CO2(g) + H2O(g) 
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 Carbon Molecules �
ENERGY & Reactions from Life to Death �

#2 
https://www.youtube.com/watch?v=cOJ3MUpDrfI 

http://chemconnections.org/Global%20Warming/ 

https://www.pbs.org/newshour/show/world-needs-to-make-near-revolutionary-
change-to-avoid-imminent-climate-disaster-is-there-hope 

https://www.pbs.org/newshour/show/world-needs-to-make-near-revolutionary-
change-to-avoid-imminent-climate-disaster-is-there-hope 

Hurricane Dorian 

2019 

Hurricane Maria 

2017 
Hurricane Irma 

2017 

Hurricane Delta, etc., etc. 

2020 

Hurricane Michael 

2018 

https://www.pbs.org/newshour/show/world-needs-to-make-near-revolutionary-
change-to-avoid-imminent-climate-disaster-is-there-hope 

Hurricane Michael 

10/10/2018 

FEMA has provided at least $81 billion to state, territorial and local 
governments in response to declared disasters since 1992: to rebuild in place, 

often in defiance of the effects of climate change. 

Camp Fire CA 

November 2018 
Tubbs Fire, Northern California  

October 2017 

Glass Fire CA 

October 2020 

Kincade  Fire CA 

October 2019 

25 Years of Global Sea Level Data 

https://www.jpl.nasa.gov/images/topex/20170810/topex-jason20170810-16.gif 
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https://www.youtube.com/watch?v=CLxpgRqxtEA 

https://www.youtube.com/watch?v=KAJsdgTPJpU 

  
 

 
 

 

 
 

2 C8H18 (l)+ 25 O2(g)        16 CO2(g)+18 H2O(l)  

2 C4H10 (g)+ 13 O2(g)        8 CO2(g)+ 10 H2O(l)  

Combustion:�
Oxidation-Reduction Reactions �

“Redox”
1 CH4 (g)+  2 O2(g)        1 CO2(g)+ 2 H2O(l)  

Carbon is oxidized, each atom loosing 4 electrons 
Oxygen is reduced, each atom gaining 2 electrons 

  
 

 
 

 

 
 

16 CO2(g)+18 H2O(l)         2 C8H18 (l)+ 25 O2(g) 

8 CO2(g)+ 10 H2O(l)            2 C4H10 (g)+ 13 O2(g) 

Reversing Combustion�
Oxidation-Reduction Reactions �

Possibilities???
1 CO2(g)+ 2 H2O(l)         1 CH4 (g)+  2 O2(g)  

Carbon is reduced, each atom gaining electrons 
Oxygen is oxidized, each atom loosing electrons 
 

Artificial Photosynthesis 

Oxidation-Reduction Reactions �
“Redox”: Changes in Oxidation State

ð  Oxidation is the loss of 
electrons.

ð  Reduction is the gain of 
electrons.

ð  The reactions occur together. 
One does not occur without the 
other.

ð  The terms are used relative to 
the change in the oxidation 
state or oxidation number of 
the reactant(s).

Oxidation Number (State)�

http://chemconnections.org/general/movies/Oxid%20States.MOV 
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Tutorial
https://www.youtube.com/watch?v=w0RfMRDy34w

Tutorial
https://www.youtube.com/watch?v=w0RfMRDy34w

 
 
 

QUESTION ANSWER
 2 

 
 

 
 

–

B) NO

Oxygen has an oxidation state of 
2 when part of a compound. 

 

What is the oxidation number of chromium  
in ammonium dichromate?

A) +3 B) +4 C) +5 D) +6 

QUESTION �
(More Challenging)

Formula: ? (NH4)2Cr2O7 

What is the oxidation number of chromium  
in ammonium dichromate?

A) +3 B) +4 C) +5 D) +6 

ANSWER

Cr2O7
2- 

2x + 7(-2) = -2 

2x = +14 -2 
x = 12/2 
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ClO4
–

ClO3
–

ClO2
–

ClO–

+7 

+5 

+3 

+1 

QUESTION
Hypochlorous acid is related to the anion found in 
common household bleach.  Identify the formula of 
the polyatomic anion.

A. ClO4
–

B. ClO3
–

C. ClO2
–

D. ClO–

https://chem.libretexts.org/ 

Answer
Hypochlorous acid is related to the anion found in 
common household bleach.  Identify the formula of 
the polyatomic anion.

A. ClO4
–

B. ClO3
–

C. ClO2
–

D. ClO–

https://chem.libretexts.org/ 

What are the different 
oxidation numbers for 
chlorine in choices  
A. thru D.? 

+7 
+5 
+3 
+1 

Reduction =
+e-

Oxidation =
-e-

In a redox reaction, oxidation and reduction must both occur, and 
the electrons lost must equal the electrons gained.  Which statement 
is an accurate statement?

A. The substance (atom) that is oxidized has a lower oxidation 
number in the product.
B. The substance that is oxidized gains electrons.
C. The substance that is oxidized must have a higher oxidation 
number afterwards.
D. The substance that is oxidized must combine with oxygen.

QUESTION

Oxidation =
# -e-

Reduction =
# +e-=

In a redox reaction, oxidation and reduction must both occur, and 
the electrons lost must equal the electrons gained.  Which statement 
is an accurate statement?

A. The substance (atom) that is oxidized has a lower oxidation 
number in the product.
B. The substance that is oxidized gains electrons.
C. The substance that is oxidized must have a higher oxidation 
number afterwards. –e- = +
D. The substance that is oxidized must combine with oxygen.

Answer

Oxidation =
# -e-

Reduction =
# +e-=
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Batteries

Oxidation =
# -e-

Reduction =
# +e-=

Electric Vocabulary & History of Electricity 
https://www.youtube.com/watch?v=MBRTR2dlwvA&t=244s 

”Static” Electricity 
https://www.youtube.com/watch?v=yc2-363MIQs 

https://www.youtube.com/watch?v=I8tOtZKpi04 

Cesium: 
https://www.youtube.com/watch?v=D4pQz3TC0Jo 

Rubidium: 
https://www.youtube.com/watch?v=iP6CRZdDu6o 

Activity 
increases going 

up the row 

Activity 
increases going 
down the row 

Write a balanced equation for rubidium reacting with water. 

Which would be most reactive? 
A) Li + I2    B) Na + Cl2    C) Cs + F2 

2 Rb(s)  + 2 H2O(l)  → 2 RbOH(aq) + H2(g)  

https://www.youtube.com/watch?v=uixxJtJPVXk&t=2s 

QUESTION

ANSWER
 

 

 
 

C) 2

If an element is a reactant or product, it is 
a redox reaction. The oxidation number = 0. 
 

 
 

Cu(s) + 2 AgNO3(aq)  → 2Ag(s) + Cu(NO3)2(aq) 
 

N2(g)  + 3 H2(g)  → 2 NH3(g) 

0 0 

0 0 

+1 +2 

+1 -3 

QUESTION

 
 

 
 

 
 

Cu(s) + 2 AgNO3(aq)  → 2Ag(s) + Cu(NO3)2(aq) 
 

TRUE (A) / FALSE (B)

Copper is oxidized in the reaction and 
silver is reduced.
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Answer
 

 

 
 

 
 

Cu(s) + 2 AgNO3(aq)  → 2Ag(s) + Cu(NO3)2(aq) 
 

TRUE (A) / FALSE (B)

Copper is oxidized in the reaction and silver 
is reduced.

0 0 +1 +2 

Cu(s) -2e- → Cu2+(aq)

Question
 

 

 
 

 
 

Cu(s) + 2 AgNO3(aq)  → 2Ag(s) + Cu(NO3)2(aq) 
 

TRUE (A) / FALSE (B)

Copper looses 2 electrons in the reaction 
and each silver atom gains 1 electron.

0 0 +1 +2 

Answer
 

 

 
 

 
 

Cu(s) + 2 AgNO3(aq)  → 2Ag(s) + Cu(NO3)2(aq) 
 

TRUE (A) / FALSE (B)

Copper looses 2 electrons in the reaction 
and each silver atom gains 1 electron.

0 0 +1 +2 

Cu(s) -2e- → Cu2+(aq)

2 Ag1+(aq) +2e-  → 2Ag(s)  

 Consider the molecular view of reactants converted to a product in 
the boxes shown below:  

 
 
 
 
 
 
 
 

 Which balanced equation best represents this reaction?  
   

A) NO + Cl2 → Cl2NO   B) 2 NO + Cl2 → 2 ClNO 
   

C) N2 + O2 + Cl2 → 2 ClNO   D) NO + Cl → ClNO 
 

 

chlorine

nitrogen
oxygen

QUESTION

 Consider the molecular view of reactants converted to a product in 
the boxes shown below:  

 
 
 
 
 
 
 
 

 Which balanced equation best represents this reaction?  
   

A) NO + Cl2 → Cl2NO   B) 2 NO + Cl2 → 2 ClNO 
   

C) N2 + O2 + Cl2 → 2 ClNO   D) NO + Cl → ClNO 
 

 

chlorine

nitrogen
oxygen

ANSWER


