TOPIC Defining Oxidation and Reduction
10.1 How can we keep track of electron loss/gain by elements?

.:2) fully understand the reactions we'll be discussing this unit, it is essential to understand atomic structure
and bonding behavior. Let’s start things off by looking at atoms and ions:

To get from Al to AI*¥, what has to happen? | PSE 3 electrons

e Drawa dlagram

’_Z;) [Aﬂ&r

e Thisis called: DX | b/AYT] 0 N (“charge” goes M«P

To get from Cu?* to Cu, what has to happen? E‘\}CU n A electron s

e Draw a diagram:

LCM]JH+ Ae” — C‘/‘ ’

C) e Thisis called: KE DU LﬂDN (“charge” goes d owWh

SUMMARIZE:

Process Change in Electrons Change in “Charge”
{Oxidation State)

Oxidation {oxidized) I 055 (/L/P

Reduction (reduced) g ain d oW

Losing Elechns
s Oxidation
| Quining Elccrons
is @ecluc-ht?h

OIL &9
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drF
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TOPIC Half Reactions |
10.2 How can we represent oxidation and reduction separately?

() * *

" A redox reaction is defined as a chemical reaction that involves the transfer of electrons. Let’s be a bit more
specific:

Redox reaction: chemical change where one reactant __S pec irs s Oxid 156 dand
another is \/edl/( ced.
EXAMPLE: Al + Cu®* 2> AP*+ Cu

Let’s represent the oxidation and reduction that are occurring separately by writing h 4] ,'F Feqactions,
2+

1. Which species is being reduced in the example redox reaction? C U
How do you know, in terms of charge? Char'ﬂe_ 90{"9 down
How do you know, in terms of electrons? g0 ins tl€ctions

2. Which species is being oxidized in the exaﬁple redox reaction? A ]
How do you know, in terms of charge? Cha rﬁg 3oeg Up
How do yo‘y know, in terms of electrons? IDS s 2lectrons

S
o . .
Reduction half — reaction:
Picture Equation
e a+ -
24 .
[Of 20— Cur ) Qo Ao EY,
. neutral & "
ool charge =© toal char =0
Oxidation half -~ reaction:
Picture : Equation
: 31 -
¢ 2t _ _ 3 + e
v newiral arom toipld therge = O
Yotk Uﬂarﬁ(:O

"\the example redox reaction balanced? Consider what has to be conserved in all chemical changes...
2+ _
Alt Cu?t— AP+ Cu
fota | charge = +2 Total chasye = 3

No)ahakge s not  Conserved ... ?



TOPIC Balancing Half Reactions
10.3 How can we add up half reactions to show a complete redox reaction?

(}ecall that the redox reaction from the previous lesson was not balanced....let’s try writing a balanced redox
reaction from the two half-reactions we wrote in the last mini-lesson:

Reduction half: [CU{ + Ze_" —_— CM]X\%

3 U e loe” ’—3?[5614&

Oxidation half: {A‘ —_ A’i 5+ + 6«& ] X Q

- @A e

Rexgéeazfi;n: 3 CV'2+ +Z}€’+ A —> R AL *(ﬁ)/;jcvi

kvl 305 4 — g4 3 Cu]
C/) CML{I DVhL ’ ‘b‘—‘& LharSe 4_0:‘_&0 Lhmg‘
elecons =+l =tV

In a redox reaction, the number of (moles of) e- \QJOU'“ ed s ALWAYS
ERUAL the number of (moles of) e- 105 T
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TOPIC Identifying Redox Reactions
10.4 How can we tell if a redox reaction is occurrmg?

mredox reaction involves the transfer of ___ € 1€ (Y ons . Somebody loses them, and somebody else
gams them. And just to recap ~ the moles of electrons lost should e‘f\ ua | the moles of
electrons gained. So with all this change in electrons, what happens to oxudatlon state (or charge)? It changes as
welll Remember this nifty table?

Process Change in Electrons Change in “Charge”
{Oxidation State}
Oxidation (oxidized) | 055 uwp
Reduction (reduced) %ou'ﬂ ClDW a

Earlier in this unit, you worked on a POGIL to determine the rules for assigning oxidation numbers. Let’s see
what you can do...

Znk» | 3 CuO

Zn: -hg F: -1 F_Q__ Cu:ﬁ O:;g

Q «'1 ¥l ~ .
€O, AN t Sty QA
H,CO; S0.2 .
; ® ru-)=-1L
c:_’LL{_ O:_"'_éz_ mAl ctY o4 St Y. 0 _—4

So, if there’s been a change in oxidation number for a specific element, that indicates a redox
reaction has occurred!

Reaction Redox? Reaction Type
A1

D D Edl .-2 - .

2H2 + 02 2 2H:0 @ / N Sa’ﬁ’rhfs IS Somﬂ,;hmﬁ
,:\ N -: 0. i’ 1 ‘_h‘ Hdb‘*

bt 2 - ey '

H2COs = Hz0 + CO; Y @ decomposiion

v -1 0 42 4

Mg + 2HBr = Ha + MgBr2 @ / N Sin je )—Qﬁ)laCUWd

I LA s Mt H U R St
UBr+CuF2—)2KF+CuBrz Y / @ QlDULblﬂ P‘a( A >
YER~ redox
(NEVER
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TOPIC Table J and Spontaneous Reactions
10.5

How can we predict whether a redox reaction will take place or not?

(\ sfore we can start predicting if a redox reaction will occur spontaneously ( hamem nahwdm\- ), we

have to talk about element activity.

Element activity: 30w '\ilﬁdﬁ an eAment 1s
U Vea(;r(gam or (0S¢ c)

Summarize: .
¢ More active metals are likely to easily l 06 & electrons, so
gain / lose ?
low g .
they have electronegativity values. This means
fow / high ?

more active metals get O)(l d’ ‘ ﬁ(’d

oxidized / reduced ?

¢ More active nonmetals are likely to easily Q’ ain electrons,
géﬂ'n /lose ?
~ high - |
50 they have electronegativity values. This means
m low / high ?
- . reduced

more active nonmetals get

oxidized / reduced ?

Table
Activity Series**

Most | Melals Nonmetals

Active
Li Fy

Qa’vj , Rb Cly
o}L . .

Mn

Ph

Cu

A single-replacement redox reaction will take place

spontaneously if a MORE active element is

able to “replace” a___ LESS active |0V C‘L?D

Ag

2
\ Least An
Active

stundard. Mg is not a metal.

N

_

D

1. @@03 > Mg(NOs)z + Ag SPONTANEOUS

e

2, @@03 > Mg{(NOs); + Li SPONTANEQUS

/
/
—_— A
3. (Ch+NeB)> Bro+ NaCl /
Ceomeons) 7
/

A
4, ®+@o = Nax0 + Hz SPONTANEQUS

U (0504 +{H3 > H2S04 + Zn | SPONTANEOUS

NONSPONTANEOUS

NONSPONTANEOUS )

NONSPONTANEOUS

NONSPONTANEOUS

NONSPONTANEQUS

Most
Active r\

Casﬁ
ved.

Lenst
Active

**Activity Series (s based on the hydrogen
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Topric L~ _Voltaic Cells
10.6 How is electricity generated in a battery (voftaic cell)?

()

* Voltaic cell: simple battery that SDOHJFELH{O MS)ﬂ 3 Pn'-n;ary Components:
converts __Cin{mi (,C\./Q energy 1) Positive terminal/electrode:
into_ 440 vila) wl/Q energy Me etal # ]
| (CATHOPE)
How does it work? Recall that an electric current requires the 2) Negative term:n;l_/electrode:
flowof___Charaed parhicles (ions ore”) metl ¥
VE— (ANODE)
3) Electrolyte exchange:
[ANOX  ands BIG RED CAT | salt bridge
(mllows iens o move and trrthore

prevents  (harge bulld- up)

Voltaic Cell

Voltmetet Wits:

e

Zn o
electrods- Saﬂt Cu electrode
[fopE) {¢aTHODE|

A a0 e Cu>'r e —Cy

=51
B LSS o B TR

What is the “AN OX”? . - jgney o
dised (meral ot s h1g
ﬁﬁﬁ e gefs DXra3 Table 3)

 What is the “BIG RED CAT"? |
), . Paduction buws ot Fhe (arhode
. R

. INCY¢ases as  ions L%) Twrn
P ubis“

b Mass
le into solid  odom s
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" | TOPIC Electrolytic Cells
10.7 How can we force an electrochemical cell to run in “reverse”?

)
VEIectrontic cell: uses ?‘\ (’.C\YT Col energy to bring about a [NON apon)m NEAUS  chemical reaction
* CONVArS elccvicad thergy +o Chamical gnergy *

Important Distinctions from Voltaic Cells:
e Usually no S O\H' by \ C\ﬂ(

e 1 aqueous solution (instead of 2}

o ALWAYS need a T‘)UWU/ S‘DU\X(} in order to power a nonspontaneous chemical change

e The cathode and anode are OPPQSITE

[

v
pridation sh happens hert,

bt Yhe medad i \ow
on TabtS

Uses of Electrolytic Cells

e Electroplating {coating a thin layer of metal over another metal)

r\ The diagram below represents an operating electrolytic cell used to plate silver onto a nickel key. As the cell
./ operates, oxidation occurs at the silver electrode and the mass of the silver electrode decreases.
NG ovs Py
T
n —
wW_SOCD CATHOIDE
Tae 4 Ni(s)~7"
WS At
¢
M‘)A AgNO,(aq)

@ te
ANODE  (hooved up |
AQ(ZS) electrode pull glechons a,wu.&)

Explain, in terms of Ag atoms and Ag*{aq) ions, why the mass of the silver electrode decreases as the cell operates.
—_———

So\id sylver advms Aduwrn o aﬁueous
ons oo 6(,% Q\:s?&rged in

Ant golwhion -
A% —> A@Z* v e 19



