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Section 1: Oxidation and Reduction

Electron Transfer and Redox Reactions

A reaction in which electrons are transferred from one atom to another is called Mg+ 0, - 2Mgo

Each gains
2e” 2 electrons 2+

U -
Complete chemical equation: 2Mg(s) + O, (g) — 2MgO(s) Ech s /
; o

2

an oxidation-reduction reaction, which is also called a redox reaction. '2
2F 2=

Net ionic equation: 2Mg(s) + O, (g) — 2Mg** +2 O* (jons in crystal)

The reaction of magnesium and oxygen involves a transfer of electrons from ..........c.cccceceeee0s 10 wvvriiiiiiiiiiiiininenns
Classify the reaction between magnesium and oxygen ...........ccccoovvrnnnnnn.

Write the complete chemical equation and the net ionic equation for the single-replacement reaction in which

chlorine in an aqueous solution reacts with bromide ions from an aqueous solution of potassium bromide.

Note that chlorine ..........cccouueeeee.... from bromide ions to become chloride ions. When the two bromide ions lose

electrons, the two bromine atoms form a covalent bond with each other to produce ........cccccovvvevevirennnes
The formation of the covalent bond by sharing of electrons is also an oxidation-reduction reaction.

Oxidation and reduction

Na— Nat 4+ e~

Oxidation is defined as the loss of electrons from atoms of a substance.

Sodium is 0XidiZed DECAUSE v.vvvvvvrerreeeeiiirrreeerinirreeeensnnrrreesssnrreessses

Cly + 2~ — 2Cl~

Reduction is the gain of electrons by atoms of a substance.

Oxidation and reduction are complementary processes. Explain.

Changes in oxidation number
The oxidation number of an atom is the number of electrons lost or gained by the atom.

In oxidation: oxidation nymber increases , In reduction: oxidation number decreases
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Which element is more likely to gain electrons, potassium, or chlorine? Why?

Oxidizing and Reducing Agents
The substance that oxidizes another substance by accepting its electrons is called an oxidizing agent.
The substance that reduces another substance by losing electrons is called a reducing agent.

In this reaction 2K(s) + Cl,(g) — 2KCl(s) what is the oxidizing agent and the reducing agent?

000 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Uses of redox reactions in everyday life:
® Toremove tarnish from metal objects.
® Adding chlorine bleach to your laundry to whiten clothes, you are using an aqueous solution of sodium
hypochlorite (NaClO), an oxidizing agent. It oxidizes dyes, stains, and other materials that discolor clothes.
Redox and Electronegativity
WHhat i @leCtrON@GALIVILY? .......ocooooiiirciicc i
In this reaction N,(g) + 3H,(g) — 2NH;(g) The reactants and products are all molecular compounds.

Hydrogen has an electronegativity of 2.20, and nitrogen’s electronegativity is 3.04.

Which elmentis reduced(partially gained e-)? .................... Which elmentis oxidized(partially lost e-)? .............cccccccc....
What is the oxidizing agent? ... what is the reducing agent? ...
Describe the trends of electronegativity in the periodic table: Electronegativity
I PEIIOAS: ... 12 13 14 15 16 17 18
T -
[N GROUPS: oo 2 | LlijBe 9|k
E 3 |Na|Mg a,
gl 4 |K |G Br,
which element would be the strongest oxidizing agent. ..., § s (| :
g 6 |Cs|Ba
7

Which is the strongest reducing agent? ...,

|:| Reducing agent |:| Oxidizing agent

Identify Oxidation-Reduction Reactions

Identify what is oxidized and what is reduced in this reaction.
2Al + 2Fe3t + 302~ — 2Fe + 2A13t + 302~

Identify the oxidizing agent and the reducing agent.

Identify each of the following changes as either oxidation or reduction. Recall that e is the symbol for an electron.
a.l,+2e —2r c.Fe’" > Fe¥ +e

b.K—K'+e d.Ag"+e— Ag
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Identify what is oxidized and what is reduced in the following processes.

a. 2Br +Cl, — Br, + 2CI
b.2Ce + 3Cu** — 3Cu +2Ce*
c.2Zn+0,—> 2Zn0

d.2Na+2H" — 2Na* +H,

Identify the oxidizing agent and the reducing agent in the following equation. Explain your answer.

Fe(s) + Ag'(aq) — Fe*"(aq) + Ag(s)

Challenge Identify the oxidizing agent and the reducing agent in each reaction.

a. Mg + 1, — Mgl,
b.H,S+Cl, — S+ 2HCI

Determining Oxidation Numbers (n.jcment)

Find the oxidation humber of sulfur in each compound.

Na,SO,: H,S: S:

S,Cl,:

SO,:

K,S,05:

Find the oxidation number of each element in potassium

chlorate (KCIO;) and in a sulfite ion (SO5*),

Determine the oxidation number of the boldface elementin

the following formulas for compounds and ions.
a.NaClO,

b. AIPO,

c. HNO,

d.NH,"

e. AsO,>

f.CrO,*

Determine the oxidation number of nitrogen in each of these.

a. NH, b. KCN c. N,H,

Table 2 Rules for Determining
Oxidation Numbers

1. The oxidation number of an atom of an
uncombined element is zero.

2. The oxidation number of a monatomic ion is
equal to the charge of the ion.

3. The oxidation number of the more-
electronegative atom in a molecule or a
complex ion is the same as the charge it
would have if it were an ion.

4, The oxidation number of the most-

electronegative element, fluorine, is always
—1when it is bonded to another element.

5. The oxidation number of oxygen in
compounds is always —2 exceptin
peroxides, such as hydrogen peroxide
(H,0 5), where itis —1. When it is bonded to
fluorine, the only element more electro-
negative than oxygen, the oxidation number
of oxygen is positive.

6. The oxidation number of hydrogen in most
of its compounds is +1, except in metal
hydrides; then, the oxidation number is —1.

7. The axidation numbers of group 1and 2
metals and aluminum are positive and

equal to their number of valence electrons.

8. The sum of the oxidation numbers in a
neutral compound is zero.

9. The sum of the oxidation numbers of the
atoms in a polyatomic ion is equal to the
charge of the ion.

e e e

Na, 0, Cl, H,

Br~

Nin NH

0inNO

Fin LiF

0inNO,

0inH,0,

H in NaH

K
Ca
Al

CaBr,

50,2

v

—1

+1

+2

+3
(+2) + 2(—1)

=0

(+4)+3(-2)
= -2
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Challenge Determine the net change of oxidation number of each of the elements in these redox equations.
a.C+0,— CO,

b. Cl, + Znl, — ZnCl, + 1,

c.CdO+CO — Cd+CO,

Oxidation Numbers in Redox Reactions

When an atom is oxidized, its oxidation number increases. When an atom is reduced, its oxidation number decreases.

change: —1 reduction

change: +1 oxidation
I ] v
+1 -1 0 +1 —1 0

2KBr(aq) + Cly(aq) —  2KCl(aq) + Brz(aq)
l A

no change in oxidation number

The oxidation number of bromine changed from ......... {10 S SO TENS v
The oxidation number of chlorine changed from ......... o ........ SO TS woveeevereeeeeereeeeveeaeeseereeaseoseeseesesnoee

The potassium ion is a spectator ion. Why?

Assessment
Determine the oxidation number of the boldface element in these compounds and ions.

a. HNO,

b. Sb,0

c. CazN,

d. CuwoO,

e. 10,

f. B,O,>

g MnO,~

h. NH,
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Which of the following is correct in relation to the reaction 2alial Jolills ey Ladh i 3 Lae

below?
) 9
&K(s} + FQ{_g} E— &KF{S;
The potassium atom K gained an electron and it is Jimal Ll oang Uy 56l K agaigall 853 cassl
reduced
Fluorine F, gained electrons and was oxidized sasl Al iy iy 580 Fy pldll el O
Fluorine F, lost electrons and was oxidized sausl Al Gy iy S0 Fy 0lal) a3 O
The potassium atom K lost an electron and Bl gl aamg Ug i< K agadlisdl 5)) i
was oxidized
What is the reducing agent in the following reaction? e Al delill 5 0 sl (aledl e

HySg + Clhygy — - S +2HCl,

cl,

H,S

HCI

What is the correct ascending order of the following T VLA WA IR PSR- i | faall maaall (grelaill spll L

formulas according to the oxidation number of .
g Tleta JS 3

chlorine in each of them?

Cl, - NaCl - KCIO, - KCIO

NaCl — Cl;, —— KCIO —— KCIO,

Cl, —» NaCl — » KCIO,—»KCIO

KCIO; —NaCl ——» Cl, — KCIO

KCIO, —» KCIOQ —— Cl; —» NaCl

O O O O
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An iron plate was placed in a solution of copper(ll) 2 LS (1) peladll @l € Jglaa 8 sasll (e dssbia auiag o5

sulfate as shown in the figure below. Why did the

color of the iron plate change?

Camall dagia Of ut3 1Ll Lolial JSAN 3 miasi

Fe(s) + CuSO4(aq) — Cu(s) + Fe,(SO4)3(aq)

=

Oxidation of copper atoms to copper(ll) ions (1) ot 2lzgd I elacll 23 50 O
Reduction of iron (lll) ions by gaining electrons iy f] gzl (1) aadl ciligd Jlial O
Oxidation of iron (Ill) ions by losing electrons il ) gl (1) wall cligd 2] O
Reduction of copper (1I) ions and deposition of sl dasba o eladl) oy (1) sladl) ciligd Jipal O

copper on the iron plate

Which of the following has the highest oxidation
number of Manganese (Mn)?

A- MnO,
B- K;MnO,4
C-MnO

D- KMnOs

€ (Mn )osiadall as 2 ol 4gal Llaa

MnO,-A
K2MnOa-B
MnO-C
KMnOas-D

Which of the following is the reducing agent in
the following reaction?

Ca(s) + Zn2+(aq) — Caz*(aq) -+ Zn(s)
A-Cag
2
B-Zn +(aq)

C Ca**(ag)

D- Zn(s)

¢ A Jeliah & 3l Jalad) g o Laa
Cag + an‘*(aq) = Caz*(aq) + Zng

Ca(s)-A

Zn** (aq) B
2

Ca™ aq) €

Zng -D
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In the reaction represented by the equation below. coliaf Alslaall alich M) Jeliah &

Which of the following is correct? frinia \;-,iz, Lae g

2F (aq) * loa) ——> F2(aq) + 20(aq)

The fluoride ions receive electrons from the iodine ) gl tasg 3gall Spac il €Y ylilh clig Jinus

and it is reduced

The fluoride ions receive electrons from the iodine 53 Ll hasay gl (a il S gl cbigd Jytins

and it is oxidized

The iodine receives electrons from the fluoride JIEa Al sty 20ygll cligd e iy 2SN 3y e

ions and it is reduced

The iodine receives electrons from the fluoride 5] Al iag gl il e g AU Sl Jis

ions and it is oxidized

In the general equation below, if you know that Jrde dale o X dolind) o el 13) colial daladl Alabesll 3
the reactant X is a reducing agent. Srnia (<& abay b e \‘-.5‘
. . - &
Which of the following describe it correctly? X +Y XY
5auesl Al ions — a2l e s — il I CuisSy 1
Gains electrons — its oxidation number increases — it is the oxidized
oS al Ganan — sk ae ay— il S| S
) 2
loses electrons — its oxidation number increases — it is the oxidized
Jizal al s — saush dae (b — iy A< S 5
Gains electrons — its oxidation number decreases — it is the reduced
Jimalal Euns — saukh aae i — il 5K S
loses electrons — its oxidation number decreases — it is the reduced 4
In which of the following formulas does the oxidation lihia Sy 2l are 6$ 400N jaal) o 3
number of oxygen differ than in the other formulas? Sipall L 3 die

NO - NO, - HO0 -  HO,

H,0,

NO

NO,
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In which of the following formulas does the oxidation Al Aad o) (pang sl Akl e (6 A faall sl @

number of nitrogen negative value?

NO - NH; -  KNO, -~ HNO,
HNO,
NO
KNO,
NH;
In the rection equation below, if you know that cuS3e Jale g8 Cly Jelinall o caale 13) oolial Jelall dloles o

the reactant Cl, is an oxidizing agent. Which of .
foinia JSA dhmy L Lee
the following describe it correctly? = -

2K(s) + Clx(g) — 2KCI(s)

s;..-sidbm—nusﬁ.\_\;;_jg~ah}jaﬁ!;,.~..:\$g 1
Gains electrons — its oxidation number increases — it is the oxidized
sl 4l Ganas — saush dae ag — iy KU i b
loses electrons - its oxidation number increases — it is the oxidized
Jmal al iaay — a2kl 3 s — iy 5K S 3
Gains electrons — its oxidation number decreases — it is the reduced
Jimal 4l Giaas — a2l sae s — cilig 5l S
loses electrons - its oxidation number decreases - it is the reduced 4
In the combustion reaction of magnesium in air colial Alaleal) alids S elsgll B asuairall Blpal Jelis 3
represented by the equation below. Spaia b Las
Which of the following is correct?
2Mg(s) + 04(g) — 2MgO(s)
2 = againal (530 aaadl
Atomic number of magnesium = 12 : 5 &
8 = (S (53 aaad)
Atomic number of oxygen = 8 s
Magnesium atom becomes negative ion Gl Gy pssiaall 5)3 C"“"‘ O
Oxygen atom becomes positive ion Ginge Gigd (a1 )3 s 0]
Each oxygen atom transfers two electrons pssmatie B3 JSI (g SN i Sl 83 S &
to each magnesium atom
Each magnesium atom transfers two electrons Ol 8,3 JSI g <1 3 agaenina 53 JS
@)

to each oxygen atom
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