Chemical Reactions

€Y Chemical Rgactio?s

A
& Youlube

Dr. Ron Rusay

Except where otherwise noted, content on this site is licensed under a Creative Commons Ausibution 4.0 International license.

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, efc.
& Reactions are generally described as:

Reactant(s) — Product(s)

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

X+Y=XY
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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, efc.
& Reactions are generally described as:

Reactant(s) — Product(s)

The Reaction of Sodium & Chlorine

Formation of

Sodium Chloride

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

2 Na + Cl;— 2 NaCl
Reactants  Product

Chemical Reactions
Lab Activity

https://forms.gle/bjRQ3qr9bPvhA6Br7




Chemical Equations

Types of Chemical Reactions

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

o Notations: (a), (1), (s), (aq)

@ 2Na ) + Clz(g)—>2 NacCl ©

o Others:

arrows for gas (1) and solid ()

A for heat, == for reversibility (equilibrium)

& Combination (Synthesis)
& Decomposition

@ Single Displacement | |
& Double Displacement i—/ﬂ
& Combustion: Oxidation-Reduction

__& Biological Reactions: Enzyme Catalysts

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

A Biological Reaction:
Alcohol from fermentation of sugars

> » o) 039

https://www.youtube.com/watch?v=y5XEwTDIriE

hemical Reactions (Biological Reaction)
Bakers’ yeast fermentation

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

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

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

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

2 *de o0®
d é
+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
BEEH -
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Chemical Reactions: Fermentation
Virtual
http://www.piney.com/BabNinkasi.html|

A 3900-year-old clay tablet, which was found in Iraq between the Tigris and Euphrates rivers,
had a Sumerian poem (htp:/seww.piney.com/BabNinkasi.htmi) bovoring Ninkasi, the patron
goddess of brewing. It contains the oldest surviving beer recipe, describing the fermentation
of the carbohydrates found in bread, bappir, made from barley, honey, dates and sweet
aromatic herbs. The global availability of carbohydrates and native microbes (yeasts) bas led to
the production of many different types of beers, ales, wines, and fruit based alcobolic
beverages in many countries throughout the world. [The botle on the left was found in
Eugene, Oregon, ....... But, it dates only 10 2016.)

In this experiment you will ferment a carbohydrate, sucrose (table sugar), using bakers yeast. The reaction is:
amase

CiHy0y + H:0 — 4 C:HOH + 4 CO;

sucrose ethanol

General Chemical Reactions

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

2Hy (g + Oy 2H0 g

Synthesis of Water

http://chemconnections.org/general/movies/H20-form. MOV

Formation of Water

Three Balloons:
https://iwww.youtube.com/watch?
v=a6qGIMgDKwA&index=48&list=PLA3383CE72437FC43

Virtual Fermentation

Report Form - Fermentation-Distillation

Preparation of the solution

Mass, sucrose + container

| 109.68 g
Mass, container ‘ 85.72 g

Mass, sucrose*

&

Chemical Reactions

& Combination (Synthesis)

eA+B—C &‘

& Example:

“Hog +Or9— HO oL

Balancing (Conservation of Atoms):
2 Hzyg + Q29— 2 HO

An Unwanted Synthesis of Water
Combustion & the Hindenburg 1937

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




https://forms.gle/AQKCjF8qGGw2x8hZ8

Chemical Reactions

& Combination (Synthesis)
eaA+B—C

FOR PARTS A AND B: TRANSLATE EACH WORD EQUATION INTO A BALANCED
CHEMICAL EQUATION.

A. Magnesium metal , + oxygen,  yields magnesium oxide,

* Mgy + Oz —> MgO

Balancing (Conservation of Atoms):
2 Mg + 1 Oy 2 MgO

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

(e
\g
000650

Photosynthesis

6CO, + 6H,0

2

C¢H,,0s + 60
chlorophyll glid o g
carbon water - oxygen
dioxide

A+B—>C+D
€& Combination (Photo-Synthesis)

Chemical Reactions
(Balancing Chemical Equations)

K

& Decomposition
eaA—B+C
@2 Nigsj— LNy +3 L)

Nitrogen Triiodide

Combination (Synthesis)

Photosynthesis & Food

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

Photosynthesis

6CO, + H,,0; + 6
=< JCEC chlorophyll CeH120, 0.
carbon water glucose oxygen
dioxide
> ho@awae @00
A+B—>C+D

Types of Chemical Reactions

& Combination (Synthesis)
& Decomposition

@ Single Displacement

& Double Displacement iﬁ)

& Combustion: Oxidation-Reduction

__& Biological Reactions: Enzyme Catalysts

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

Chemical Reactions
(Balancing Chemical Equations)

& Decomposition
eaA—B+C
2 Nlgsj— LNy +3 I

https://forms.gle/fkssFiStkUXCY7¢c36

MgSO,* X H,0(s) — MgSO,(s) + X H,O(g)
1A 1B+XC




QUESTION

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)S5 )7 D)9

?NH,NO; (s)—> 7N, (9)+ 70, (9) + ?H,0 (9)

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

ANSWER

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 )7 D)9

2NH,NO;(s)—> 2N, (9)+ 10, (g9) + 4H,0(g)

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

Chemical Reactions

8 Single Displacement
s AB+C—CB+A

s Example:
« HCI () + Mg s—> MgCly o)+ Hs )
- Balanced Equation: ?

2 HCl (aq) + Mg (o5~ MGCly (o) Hz (g)

Name HCl,?  Hydrochloric acid

Double Displacement

& Double Displacement
e 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: ?

NazPO, (g + BAGNO; (g~ AGsPO, 5+ 3 NaNO; ()

Single Displacement

s Write a balanced equation for the
following reaction:

Formation of Silver Crystals

Cu(s) + 2AgN03(ar> 2Ag(s) + Cu(NO;), (@q)

https://forms.gle/AQKCjF8qGGw2x8hZ8

Double Displacement

5. Sulfuric acid,,, + sodium hydroxide ., yields sodium sulfate  + water

Balanced:
H,S0,4(aq) + 2 NaOH(aq) — Na,SO,(aq) + 2 H,O(l)
Complete Tonic:

To be completed later.
Net lonic:

To be completed later.

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




Chemical Equations

ombustion / Oxidation-Reduction:
CsHigyyt Oz~ COz) + H20y)

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

@Reminder: the equation must balance:

0 2 CgH g9+ 25 Oy 16 CO,,+18 H,0

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

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

Combustion & Camels

When fat is metabolised to release energy, the carbon and
hydrogen atoms combine with oxygen to form CO2 and water.
Fat is a mixture of hydrocarbons. Each gram of fat broken
down in this way releases just over a gram of water.
Surprisingly though, camels can't make use of this H20.
Jun17,2013

CssH0504 () + 80 0, (8) — 56 CO, (g) + 54 H,0 (1)

CsgHy060¢ + 80 O, — 56 CO; + 54 H,0
It requires 80 mol O; for every 56 mol of C, a 1.42:1 ratio. Or, since the molar mass of the fat shown is 878 g/mol, about 0.091
mol O; Is required per gram. The fat requires much more axygen to burn, and consequently more energy. We see why
by looking at the C:0 mole ratios in fats and sugars:

Carbon is oxidized: looses 4 electrons

Oxygen is reduced: gains 2 electrons

Molecular Modeling
http://molview.org

€«
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Oxidation: Breaking & Making Bonds

QUESTION

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

C4H1(9) + O,(g) — CO,(g) + H,O(g)

A)4 B)8 C)10 D)3 E)20

Answer

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

C,Hio(@) + 13/2 O,(g) — 4CO,(g) + 5 H,0(g)

A)4 B)8 C)10 D)3 E)20

2 C4Hq4(g) + 13 Oy(g) = 8 CO,(g) + 10 H,O(g)

Answer

The coefficient for O, when the following equation is balanced in
standard form (smallest whole number integers)
CH o(2) + O5(g) = CO,(g) + H,O(g)

2 CyHyg y+ 25 Oyp)— 16 COL,#+18 H,0,

2C,Hy y+ 13 Oyy—> 8 CO,p+ 10H,0,

« Combination (Synthesis)

o Decomposition

@ Single Displacement

@ Double Displacement g

& Combustion: Oxidation-Reduction

& Biological Reactions: Enzyme Catalysts




Carbon Molecules
ENERGY & Reactions from Life to Death

v ALL 4
A it

https://iwww.youtube.com/watch?v=cOJ3MUpDrfl

World needs to make near-
revolutionary change to

> G wninn

https://www.pbs.or 1 how/world-needs-t ke-near-revolutionary-
h to-avoid-immi limate-disaster-is-there-hope

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

« C O A NotSecure | chemconnections.org!

ax 0B wo ~»0Q

Global Warming & Your Carbon Footprint

(Test your knowledge)

The United Natioes
have concloded tht -
arethe ighest n history, The atmospberic concentration o key greenhouse gases — carbon doxide,

and oar ind's

Change (IPCC: bopu/ewsjpss.ch) of more than 1,000 scientists

thane, and itrous oxice — is

blame.

World needs to make near-
revolutionary change to

avoid imminent climate

Hurricane Michael

Vurricane Delta, etc., efc. 2018
2020 Hurricane Maria
Hurricane Dorian 2017
Hurricane Irma
2019
2017

https://www.pbs.org/newshour/show/world-needs-to-make-near-revolutionary-
change-t id-immi limate-disaster-is-there-hope

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: Damage assessment Glass Fire CA

October 2020

: Camp Fire CA
Darmage severty Z November 2018
Less B evenoiCanefe  1yphg Fire, Northern California
October 2017
https://www.pbs.or | how/world-needs-t ke-near-revolutionary-

h

to-avoid-immi limate-disaster-is-there-hope

25 Years of Global Sea Level Data

https://www.jpl.nasa.gov/images/topex/20170810/topex-jason20170810-16.gif




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

D3 YouTube Search

4
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Greta Thunberg sings Swedish Death Metal
https://www.youtube.com/watch?v=CLxpgRqxtEA

Reversing Combustion
Oxidation-Reduction Reactions

p———_
|

Welcome To The

AR
PHOTC

Oxidation Number (State)

Periodic Trends

Common Oxidation States

http://chemconnections.org/general/movies/Oxid%20States. MOV

Combustion:
Oxidation-Reduction Reactions

14 ”
Redox
1CH, @* 2 Oz(g) — 1 COz(g)+2HZO(,)

2C,Hyy g+ 13 Oypy—> 8 COyt 10 H,0,
2 Gyl + 25 Oyp)—> 16 COL,y#+184,0,,

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

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

Oxidation is the loss of

@

electrons.
s Reduction is the gain of y
electrons. | D
8 The reactions occur together. : .

One does not occur without the
other.

The terms are used relative to
the change in the oxidation
state or oxidation number of

Onidized

@

the reactant(s).

|

Rules for Assigning an
Oxidation Number (O.N.)

General rules

1. For an atom in its elemental form (Na, O,, Cl,,etc.): O.N. = 0

2. For a monatomic ion: O.N. = ion charge

3. The sum of O.N. values for the atoms in a compound equals zero.
The sum of O.N. values for the atoms in a polyatomic ion equals
the ion charge.

Rules for specific atoms or periodic table groups

1. For Group 1A(1): O.N. = +1 in all compounds
2. For Group 2A(2): O.N +2 in all compounds
3. For hydrogen: (o) 1 in combination with nonmetals

O.N, 1 in combination with metals and boron
4. For fluorine: O.N -1 in all compounds
5. For oxygen: O.N -1 in peroxides

O.N ~2 in all other compounds (except with F)
6. For Group 7A(17): O.N. = -1 in combination with metals, nonmetals,

(except 0), and other halogens lower in
the group




Tutorial

https:/www.youtube.com/watch?v=wORfMRDy34w

Assign oxidation numbers for all of the elements in the following
compounds:

Fe,0,

CH, NaHCO,

Tutorial

https://www.youtube.com/watch?v=wORfMRDy34w

Assign oxidation numbers for all of the elements in the following
compounds:

QUESTION

In which of the following does nitrogen have an
oxidation state of +47?

A. HNO,

B. NO,

C. NH,CI

D. NaNO,

ANSWER

B) NO,

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

QUESTION

(More Challenging)

What is the oxidation number of chromium
in ammonium dichromate?

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

Formula: ? (NH,),Cr,0,

ANSWER

What is the oxidation number of chromium
in ammonium dichromate?

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

2x+7(-2)=-2

Cr,0.*

2x=+14-2
x=12/2
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+1

Highest and =
1| B Group number
LO\_NeS!: Highest O.N./Lowest O.N.
Oxidation [1AT2A] [3A[4A[5A[6A]7A
Numbers of s RSl
Reactive Main- B|c|nfol|F
Group Elements B s (o
‘co, T Ge | As | se | Br
45 Clo_ © . root’+ate chlorate
“ Cloi*’ R e sb|Te| 1
4 Clo- |
‘hypo + “root” + ite. ‘hypochlorite At

QUESTION

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

Rule Example

perchlorate

cio,

A.CIO,
B.CIO,
C.ClO,
D.CIO-

4o per + “root” + ate

“root” + ate chlorate

cio,

“root” + ite chlorite

H a0,

Vi hypo + ‘root” +ite  hypochlorite

o

https://chem.libretexts.org/

Answer

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

Oxidation number

— +7

oxidation numbers for
chlorine in choices
A. thru D.?

Rule Example
A.CIO,~ +7 per+‘ioot’ +ate  perchiorate
B. ClO5~ +5 e
C.ClO,- +3 “root” + ate chlorate
D.CIO-  +
: “root” + ite chlorite
What are the different -

i it hypo+“root” +ite  hypochlorite

ao

https://chem.libretexts.org/

Oxidation = Loss = Gain Reduction =
B ofe” g ofe” z

e +e

Oxidation

electrons lost must

;

Oxidation =
#-e

Reduction =
= # +e

electrons lost mus

n acgate statement
oxidized

3t is oxidized mus
e =+
is oxidized must

i

Oxidation =
#-e =

Reduction =
# +e

10



Batteries

Electric Vocabulary & History of Electricity
https://www.youtube.com/watch?v=MBRTR2dIwvA&t=244s

Cuwvnamt

Poadimaly - Nugatimaty

@

5t the physics of electrical phenomena
[
P M W) 643/656

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

o0 e
Eloctrnam -

Oxidation = Reduction =
#-e = #+e
Highest and <
1| H Group number
Lowest Highest O.N./Lowest O.N.
"Oxidation oo [1AT2A] [3AJ4A]5A]6A]7A
Numbers of Actty || +3 FEAISAIS AT
Reactive Main' down the r?)w o B|C|N|O

Group Elements|-

2 Rb(s) +2 H,0(l) — 2 RbOH(aq) + H,(g) it
(3
Sls(Ab[Sr| [In[Sn|sSb|Te
Activity
https://www.youtube.com/watch?v=uixxJUPVXk&t62 @8 | Ba| | TI | Pb | Bi | increases going
up the row

Cesium:
hitps://www.youtube.com/watch?v=D4pQz3TCOJo

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

7

Which would be most reactive?
Fr|Ra A)Li+I, B)Na+Cl, C)Cs+F,

Write a balanced equation for rubidium reacting with water.

QUESTION

How many of the following are oxidation-
reduction reactions?

NaOH(aq) + HCl(aq) — NaCl(aq) + H,O(l)
Cu(s) + 2AgNO;(aq) — 2Ag(s) + Cu(NO;),(aq)
Mg(OH),(s) — MgO(s) + H,O(l)
Na(g) +3H,(g) — 2NH,(g)

mooOm>
rwNn=2O

)
)
)
)
)

ANSWER

C) 2
0

0 +2

Cu(s) + 2 AgNO;(aq) — 2Ag(s) + Cu(NO;),(aq)

Cu(s) + 2 AgNO;(aq) — 2Ag(s) + Cu(NO;),(aq)

0 0
No(g) +3 Ha(g) — 2 NHy(g)

341
If an element is a reactant or product, it is
a redox reaction. The oxidation number = 0.

QUESTION

TRUE (A) / FALSE (B) WIL

Copper is oxidized in the reaction and L
silver is reduced. i

11



Answer

0 +1 0 +2
(s) +2 AgNO;(aq) — 2Ag(s) + Cu(NO,),(aq)

TRUE (A) / FALSE (B)

Copper is oxidized in the reaction and silver
is reduced.

Cu(s) -2e” — Cu?*(aq)

Answer

0 +1 0 +2
(s) +2 AgNO;(aq) — 2Ag(s) + Cu(NO,),(aq)

TRUE (A) / FALSE (B)

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

Cu(s) -2e” — Cu?*(aq)

2 Ag't(aq) +2e- — 2Ag(s)

0 +1 0

Question

+2
(s) +2 AgNO5(aq) — 2Ag(s) + Cu(NO,),(aq)

TRUE (A) / FALSE (B)

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

QUESTION

Consider the molecular view of reactants converted to a product in

the I:;oxcs shown below:
cP 0 Py
R R RS
r’ rn b

. nitrogen
) oxygen

@ chlorine

Which balanced equation best represents this reaction?
B) 2 NO + Cl, — 2 CINO

A)NO + Cl, — CL,NO

C)N,+0,+Cl,— 2 CINO D) NO + Cl — CINO

ANSWER

Consider the molecular view of reactants converted to a product in

the boxes shown below:
P 0 Py
J
9) ° g 2 RREN
Qo *P 2 Y
@ nitrogen
) oxygen
Q chlorine

Which balanced equation best represents this reaction?

A)NO + Cl, — CL,NO B) 2 NO + Cl, — 2 CINO

C)N,+0,+Cl,— 2 CINO D) NO + Cl — CINO




