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Assigning oxidation numbers Name

5 / 9\_@ Determine the oxidation states for each atom present in the given formulas.
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5. KCl 12. NO:
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6. H2S 13.  NHs
H= T | N=" 3
SR H=_11{
74 CaO 14, Na>0:
Ca= ‘l" Na :“_ \
O = —|
8. HzSOA 15. CGHz
 Sague. \
e () THAE = - Ca=1+2
2 ICOTOE =
Os=2A
Fa+e-8=0
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M Lesson F1% =

idation and Reduction

m

oxidation:  the loss of electrons

reduction:  the gain of electrons
oxidizing agent:  takes or gains electrons from another substance
reducing agent:  gives.or loses electrons to another substance

The electrons moving around the nuclei of atoms may also move from one atom to
another. Such movement takes place during both oxidation reactions and reduction
reactions. Both types of reactions happen at the same time. The loss of electrons is
called oxidation. The gain of electrons is called reduction.

Firefighters need to be aware of the processes of oxidation and reduction.
When materials burn, they combine with oxygen; thus, oxidation takes

(’ place. To prevent or stop fires, firefighters must know how to keep oxygen
away from materials that can burn.

Oxidation has two meanings. One meaning is “the combining of a substance
with oxygen.” For example, calcium combines with oxygen in the oxidation
reaction shown below.

2Ca + O, —> 2Ca0

Loss and Gain of Electrons. Another meaning of oxidation
(ahks-ih-DAY-shuhn) is the “loss of electrons.” In the oxidation reaction
shown above, the calcium loses electrons. See Fig. 40-1.

Fig. 40-1

Ca: — Ca2+ + 2e-

Caicium Caicium 2 Electrons
atom ion
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1 Calcium can also react with sulfur in an oxidation reaction.
Ca + S—> CaS

In this reaction, the calcium loses electrons just as it does in the
calcium-oxygen reaction shown on page 198.

During oxidation, the electrons that are lost go to another substance. For
example, electrons lost by calcium can go to sulfur. See Fig. 40-2.

Fig. 40-2 Fig. 40-3
e S ——>;§: Ca~ + s -—->Ca=_S'=
e‘—J . .
2 Electrons  Sulfur Sulfur Calcium Sulfur Calcium
atom ion atom atom Sulfide

In the calcium-sulfur reaction, shown in Fig. 40-3, the electrons that are lost
by the calcium are gained by the sulfur. The gain of electrons by a substance
in a reaction is called reduction (rih-DUK-shuhn).

Oxidizing and Reducing Agents. In the calcium-sulfur reaction, shown
in Fig. 40-3, the sulfur is the oxidizing agent (AHKS-ih-dyz-ihng AY-juhnt)
because it causes the loss of electrons. The oxidizing agent is reduced
because it gains electrons.

The calcium is the reducing agent (rih-DOOS-ihng AY-juhnt) because it
causes the gain of electrons. The reducing agent is oxidized because it loses
electrons.

1. What is oxidation? _+he [0¢S {)ﬁ-elﬁ( tHons

Jd | 2. Whatis reduction? (7.1 (‘){' elecmpns
V] & et %

Changing Chargés. During oxidation reactions, charges on atoms change.
Look again at the reaction of calcium and sulfur.

Ca® + S° —> Ca?*s*

Here is how the charges change: Calcium (Ca%), the reducing agent,
becomes more positive (Ca®*); sulfur (S°), the oxidizing agent, becomes
more negative (5%).
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TAKE To remember what reactions involve losses and gains of elecn-ons’ ﬁ“"k Y
about this story. There once was a lion named LEO, which means [

ANOTH ER Electrons is Oxidation. This king of the beasts was a little different f.mc’f

others. Instead of saying “roar,” he said “GER”, which means Gaing}

( lOOK Electrons is Reduction. See Fig. 40-4.

Fig. 40-4

Look at Fig. 40-5. It shows the gain and loss of electrons by oxidizing agents
and by reducing agents.

Fig. 40-5 LOSES ELECTRONS GAINS ELECTRONS (:, ain
| é__OSS @ @ | ¢ lectron§
' Al REDUCING AGENT OXIDIZING AGENT - )
' 0 xidation
e IS OXIDIZED 7 IS REDUCED

Check Your

UnderStanding 3.. Use the terms reducing agent, reduction, and substance oxidized to
- complete the table comparing oxidation and reduction.

Gain of Electrons

|
Loss of Electrons |

3

| (a) oxidation ’ (a) Féduchbn

o) Ledocing agent |

© St bst ’n__(dg' Ogu:iigdi

(b) oxidizing agent

(c) substance reduced

{
}
i
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Fi]i in the blanks with the proper terms.
| Oxidation is the (4) 0SS of electrons. Reduction is the .

6 __Qa:0 of electrons. The oxidizing agent (6) fﬁ L8
electxlfBjns. The reducing agent (7) IHSES - electrons.”The charge of

the oxidizing agent becomes more (8) flég@ﬁ V€. . The charge of the
reducing agent becomes more (9) p/)ﬁ PV,

Two hydrogen atoms and one oxygen atom combine to form water as Fig. 40-6
shown in Fig. 40-6.

bl :
10. Which element is the oxidqzdirtxjgc agent? OX \/5] et HLj : H
oxidizdd | oy
11. Which element is the reducing agent? b( ALl Oﬁf 24

M

12. When magnesium burns, it combines quickly with oxygen. When iron
rusts, the iron reacts slowly with oxygen. Write two equations to show
that each of these reactions are examples of oxidation.

Mot Qo —> AMap
6{:/‘)1“051 -7 9505

13. Iron ore is reduced to iron in the following reaction. Explain why carbon
(C) is the reducxngﬁge?t. 0 L a Carbon IS

?.Feé + C ——)11- O, + 2Fe OK/de— (ii, E‘f’
fotiy -7

14. Hydrogen will rea::ct witla chlorine ;as s;\own in this equation.
/ + -
oxidizad Hy + Cly —> 2HC] 5 -
¢ ‘K‘f’ ' E- . ~~__'_'i____c_i\(@d e (JL-—O,(,({I Zing d_jf’/’) -

Write the formula for the oxidizing agent (a) 3 _, the

reducing agent (b) H’,ﬂ- , the substance oxidized
(c) H 2. and the substance reduced (d) CJ 2

15. Write a paragraph to explain why oxidation and reduction both take
place at the same time.

The electwns (ost by vne Substance
must pbe Qe r’,mv:é aAd_fransferred—
410 _another Substance.
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j Determine the oxidation states within each of the following compounds.
dentify (using brackets) where oxidation and reduction take place, as well ¢
which species is the reducing agent (RA) and the oxidizing agent (OA).

Uncom%mci elementS ——, & Fon
aré L4 0 . ,r; _.g\ t’ﬂ_Ta-bﬁlCé

O
1) 28r + 0, > 2Sr0
ekt $ \

(O A\OA = By incrsgl Led, ecreases)
@f&(@ A= S

O D
2 2C 5 Br, = 2CsB
) MM__E_ — [
OA = 6(~ reACE B

= (s

0

O¥idation 0 i 42
A R E
: OA= N, - _M__,-
B O .
Coaen ) 4% i 30, 2F?203

e lectons
[educrion

O
5) Cl, + 2NaBr > 2NaCl + Br

OA=_l,
RA = R’
§ N
6 + 1 H
) | oadizetl T2 T __f . \
OA= Fo /
RA= S [ re.alucedL_ {
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