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Types of Reactions

There are three main types of reactions that we learn about in CHEM 150:
o Redox Reactions: Involve the transfer of electrons between species. One
substance is oxidized (loses electrons) while another is reduced (gains electrons).

Reduction

0 +2
Zn(s) + CEJSO4(aq)—>ZnSO4(aq) + Cu(s)
+ 0

Oxidation
o Acid-Base Reactions: Involves the transfer of protons (H" ions). Acids donate

protons, and bases accept them.
Pair

Base | Conjugate Base |
NH; (9) + H20 () — OH(aq) + NH4* (aq)
Acid Conjugate Acid

Pair
o Precipitation Reactions: Occur when two aqueous ions combine to form an
insoluble solid, or precipitate
AgNOs3 (aq) + NH4Cl (aq) — AgCl (s) + NH4NO3 (aq)

!

ion ion precipitate ion
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Redox Reactions

Reduction

0 ‘ +2 ‘
Zn(s) + CgSO4 (ag) — ZnS04(aq) + Cu(s)
+ 0

Oxidation

- Ogxidization: loss of electrons
o In this case, Zn goes from an oxidation number of 0 to +2. It lost 2 electrons and
is therefore oxidized.
o Oxidizing agent: Copper (Cu?") causes Zn to lose electrons, so Cu?"is the
oxidizing agent.
- Reduction: gain of electrons
o Conversely, Cu goes from an oxidation number of +2 to 0. It gained 2 electrons
and is therefore reduced.
o Reducing agent: Zinc (Zn) causes Cu®* to gain electrons, so Zn s the reducing
agent.

-  How to Assign Oxidation Numbers:

o For atoms in their elemental form, the oxidation number is 0
= Includes all diatomic gasses: Hz, N2, O, F2, Clp, Bro, I
* And all pure metals: Na, Fe, Ag, Cu, Zn, Mg, Ca, K, etc.
o Atoms in compounds or ions follow predictable patterns:
=  Group 1 elements = +1
e Example: NaCl 2 Na= 1+
Group 2 elements = +2
e Example: Ca(OH), > Ca=2+
Group 3 elements (like Al) =+3
e Example: AICl; > Al =3+
Group 4 elements (like C) = +4 (most compounds)
e Example: CO, > C =4+
e Exception: In methane like CH4, C = 4-

Group 5 elements. (like N) = -3 (in most binary compounds)
e Example: NH3 2 N = 3-
Group 6 elements (like O) = -2 (most compounds)
e Example: H 0> O =2-
e Exception: In peroxides like H2O2, O = 1-
Group 7 elements (like F, Cl, F) = -1
e Example: NaCl 2 Cl = 1-
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o The sum of oxidation numbers in a neutral compound is equal to 0
= Example: NH; =3(H=+1)+N=-3=0
o The sum of oxidation numbers in a polyatomic is equal to the charge of the
polyatomic
» Example: HCO; > (H=+1)+C=+4+3(0=-2)=-1

Practice Redox

. Assign Oxidation Numbers to Each Atom in the Following Compounds:

a.

°o a0 o

AIBI‘3
H»Se
BaO
FeS
HCI

. For each reaction below, do the following:

Assign the oxidation numbers to all elements involved
Identity which element is oxidized, and which is reduced

Determine the oxidizing agent and the reducing agent
*Note: not all reactions are balanced

a.
b.
C.

3Cu?* (aq) + 2Cr (s) = 3Cu(s) + 2Cr?*
Pb** (aq) + Ni(s) = Pb (s) + Ni**
Cr,07* (aq) + CI (aq) 2 Cr** (aq) + Cl (g)
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Acid-Base Reactions

Pair

Base ‘ Conjugate Base ‘
NH; (9) + HO () = OH(aq) + NH," (aq)
Acid Conjugate Acid

Pair

* Note there are Lewis’ acids and bases, Arrhenius acids and bases, and Bronsted-Lowry acids
and bases. We will just go through Bronsted-Lowry.

Bronsted-Lowry Acid: Donates a proton (H") to a base
o In this case, H2O acts as the acid because it donates its proton to NH3

- Bronsted-Lowry Base: Accepts a proton (H") from an acid

o In this case, NH3 acts as a base because it receives a proton from HO
- Conjugate Acid: The species formed after the base accepts a proton

o In this case, NH4" is the conjugate acid, formed when NH3 gains a proton
- Conjugated Base: The resulting compound after the acid gives of its” H"
o In this case, OH" is the conjugate base, formed when H>O loses a proton

Practice

1. For each reaction below, determine the: acid, base, conjugate acid, and conjugate base

a. F (aq) + H2O (1) = HF (aq) + OH (aq)

b. HNOs (aq) + H20 (1) 2 NOs™ (aq) + H3O" (aq)

c. HBr (aq) + NaOH (aq) = Na' (aq) + Br  (aq) + H2O (1)
d. CH3COOH (aq) + H20 (1) > CH3COO" (aq) + H3O" (aq)
e. HCI (aq) + NH;s (aq) = Cl (aq) + NH4" (aq)
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Precipitation Reactions

AgNQO; (aq) + NH4Cl (aq) — AgCI (s) + NH4NO3 (aq)

ion ion precipitate ion

To determine if a precipitate forms:

1.

2.

Use the inside-outside method to write product formulas
Ag*, CI

| |

AgNO3 (aq) + NH4Cl (aq) — AgCI (s) + NH4NO3 (aq)

NO5", NH,*
Apply solubility rules to identity if any product is insoluble
o Group 7 Elements are generally soluble, however they are insoluble when paired
with some metals, in this case Ag*, as such AgCl, a precipitate will form.

Types of equations for precipitation reactions:

1.

2.

3.

Molecular equation: All compounds written as complete formulas
AgNOs (aq) + NH,CI (aq) — AgCl (s) + (aq)
Total ionic equation: Dissociate all soluble (aq) ionic compounds into ions.
Ag” (aq) + (aq) + (aq) +CI" (aq) —— AgCl (s) + (aq) + (aq)
o NH4" and NOs™ are the spectator ions because they are not involved in the
formation of the precipitate
Net ionic equation: includes just the ions involved in the formation of the precipitate
(no spectator ions)

Ag" (aq) + CI" (aq)

AgCI (s)

Practice

For each reaction below, write the molecular, total ionic, and net ionic equations when the

following compounds react:

a.

oo o

Aqueous solutions of lithium sulfate and barium nitrate

Aqueous solutions of ammonium phosphate and calcium chloride
Aqueous solutions of calcium chloride and silver nitrate
Aqueous solutions of zinc sulfate and ammonium phosphate
Aqueous solutions of sodium carbonate and calcium nitrate
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