Unit 6

On completion of the unit you should be able to:

1. balance chemical equations.

2. interpret balanced equations in terms of moles, mass units

and number of particles.

3. given the number of moles {(or mass or number of particles) of
one substance calculate the number of moles { or mass or
number of particles) of another substance in the balanced

equation.

4. define limiting and excess reactants. )
5. identify the following types of reactions: TO d ay S fOC u S .

* synthesis

* decomposition

* combustion

* single-replacement
* double-replacement]
& neutralization

6. define endothermic
and exothermic reactions.
I. define acids and bases.

6.5 Types of Reactions y

Single-replacement reactions
o PREDICT by using the table of activity series of metals
o PREDICT single replacement reactions involving non-metals (halogens)
o Examples: Penny reactions | Explanations using the activity series of metals

0 Y Two single replacement reactions

= What happens when aluminum is dipped in a copper (II) chloride?
s What happens when magnesium is dipped in a copper (II) chloride?

2 Al (s) + 3 CuCl; (aq) ———= 2 AICl; (aq) + 3 Cu (s)

Mg (s) + CuCl; (aq) MgCl; (ag) + Cu (s)



s synthesis

Single-replacement reactions « decomposition

s combustion

& single-replacement_>
¢ double-replacement
e neutralization

1. Learn to predict Single-replacement reaction
If and when a reaction occurs, what are the products?

2. Learn to write Single-replacement reaction:
(i) Balanced chemical reaction
(ii) Net ionic reaction
(iii) Identify which species is oxidized, and which species is reduced
(iv) Identify spectator ions in the reaction



s synthesis
e decomposition
« combustion

<& _single-replacement_>
¢ double-replacement
e neutralization

Single-replacement reactions

Single-replacement reactions include reactions of the general form: A + BC AC +B

There are two types of single-replacement reactions:

1. Single-replacement reactions of metals  ¢mmmm Using Activity Series of Metals
2. Single-replacement reactions of nonmetals 4mmmm |,,0|ying the halogens

Today we will focus on single-replacement
reactions of metals.



Single-replacement reactions involving metals A+BC—>AC+8B

ACTIVITY SERIES OF METALS

Lithium Li —— Lit+e

Kt + e

Potassium | K

Barium Ba —— Ba?* +2e CHEM 001 1 - "')= \ & Cu In Malachite

Calcium Ca — Ca?* +2e Introductory Applied Chemistry 4

Sodium Na —— Nat + e

Pb In Galena

Magnesium | Mg Mgt + 2 e
ANNOUNCEMENTS ASSIGNMENTS % CHEMIST'S TOOLS LABS LECTURES % SCANNED LECTURE NOTES
Aluminum Al AR+ + 3 e
Manganese | Mn Mn* + 2 e’ « Chemist's Tools: Solubility Rulesl! Chemist’s Tools: Activity Series for the Halogens »
Zinc n — - Zn?t 42 e
- iy . - -

Chromium | Cr —— Cr* + 3¢ Chemist’s Tools:| Activity Series of Metals
Iron Fe —— Fe*+2e The following table shows the activity series for some of the more common metals in order of deceasing reactivity, with
Cobal c Cott 4+ 2 e the most reactive metal at the top of the list. It should not be surprising to you to find the alkali metals at the top of the

obalt © © © list and the more unreactive metals at the bottom of the list.

i Ni Ni2t + 2 e . . . .
e ! ree Use this table to predict single replacement reactions.
Tin Sn —— Sn2t +2e - : . . N . .

This is a reference table and will be available to you in examinations. Do not attempt to memorize this table.

Lead Pb — ~ Pb2t +2e"

Hydrogen Hy —— 2H* +2¢

comper | cu - crrze | MM T S This is a REFERENCE table.

. Potassium K Kt + e
Silver Ag — Agt + ¢ .
e | 2 S—— Barium | Ba Ba2* + 2 - Not to be memorized.
Platinum Pt —= PtZ* + 2 e Calcium Ca Ca?t+2e"

Gold Au — = AUt +3 e




Single-replacement reactions involving metals A+BC—>AC+8B

ACTIVITY SERIES OF METALS

The more reactive metals || : :+ Table shows oxidation reactions:
at the top of the table. Ztmm N Ba:+e+2e_ Metals at the top of the table are
S ot sy active metals and they /ose their
s | na e electron(s) easily (i.e. They are
— Magnesiam | Mg Mg 42 e easily oxidized.)
Thls IS a Aluminum Al At + 3 e
REFERENCE table. Manganese | Mn Mz 4 2 E.g.Li(s) > Li* (aq) + e
Not to be - 7n S (Electrons written on the RHS)
memorized. Chromium | Cr ct 3 e Lithium metal is oxidized.
Iron Fe Fe2* + 2 e p—
You are Cobalt | Co Cott + 2 e
responsible Nokel | N NE 12 e The opposite process of
to know how to Tin Sn Sn2* 4 2 e oxidation is Reduction, where
use it. Lead Pb Pb2+ 42 e the metal ions gain electron(s).
Hydrogen | Hy 2HY+2e
Copper | Cu CFi2e E.g. Li* (aq) + e — Li (s)
Silver Ag Agt + e (Electrons written on the LHS)
v iy | Hot +2e Lithium ion is reduced.
The less reactive metals || |~~~ Ptiﬂg
at the bottom of the table. |1~ " e —




Single-replacement reactions involving metals

ACTIVITY SERIES OF METALS

(Most active)

thum | U b e Q: Compare the positions of Magnesium and Zinc.
Potassium | K Kre Which is higher on the Activity Series of Metals?
Barium Ba —— Ba?t +2 e

Calcum | Ca —— Ca?* +2¢ A: Mg is higher on the table. Mg is a more active metal than Zn.
Sodium Na —— Nat + e

Magnesium | Mg [(=——==]Mg** + 2 & What does this mean?

Aluminum Al At + 3 e

Manganese | Mn MnZt +2 e Consider an experiment: What happens if you dip Mg metal
Zinc Zn e+ 2e into a Zn?* (aq) solution?

Chromium Cr Crit + 3 e

Iron Fe Felt + 2 e

Cobalt Co Cot + 2 e Mg

Nickel Ni N2+ + 2 e

Tin Sn Sn2t + 2 e i

Lead Pb Pb2* + 2 e

Hydrogen | Hy 2Ht+2e l

Copper Cu Cu* + 2 e L—*\

Silver Ag Agt + e Zn(NOs)zaq; Zn(N DS)E[aq:l

Mercury Hg Hg?+ + 2 ¢

Platinum Pt —— Pt** +2e"

Gold Au ASt 43 e What is happening in the beaker

(Least active) of Zn(NO,), solution?



Single-replacement reactions involving metals

Mg
Starting —
Materials: N Zinc deposits on the Mg metal
1. Mg(s) I -~ > Zn?* (aq) + 2 e > Zn(s)

2. Zn(NO;), (aq)

Zn(NOs3)z(aq)

Magnesium dissolves in the solution :
Mg(s) > Mg2*(aq) + 2 e Mg metal dissolves
and displaces Zn?*

A+BC— AC + B Balanced chemical reaction: ions from solution

Mg (s) + Zn(NO,), (aq)-> Mg(NOs), (aq) + Zn (s) because Mg is
higher on the

Activity Series of
Two processes Oxidation: Mg(s) > Mg?*(aq) +Z ¢ Metals than Zn.

happening: Reduction: Zn?* (aq) #2& - Zn(s)

Net ionic reaction: Mg(s) + Zn?* (aq) > Zn(s) + Mg?* (aq) » Mg (s) is oxidized.
Zn?**(aq) is reduced.

Q: What happened to A: NO;™ ions remain in solution. They » NO; are
the NO;™ (aq) ions? did not participate in the reaction. spectator ions.




Single-replacement reactions involving metals

ACTIVITY SERIES OF METALS

(Most active)

:mm : :: Q: Compare the positions of Copper and Zinc.

S I, Which is higher on the Activity Series of Metals?
Calcium Ca —— CaZt+2e

Sodum | Na —— Na*+e A: Zn is higher on the table. Zn is more active than Cu.
Magnesium | Mg —— Mg2+ + 2 &

aurmium | Al PR What does that mean?

Manganese | Mn Mn2+ + 2 e ) ) ) )

- - s Consider an experiment: What happens if you dip Cu metal
T o into a Zn?* (aq) solution?

Iron Fe Fe2+ + 2 e

Cobalt Co Co2t +2 e Cu

Niclkel Ni Ni2+ + 2 e -

Tin Sn Sn2t 4+ 2 e-

Lead Pb Pb2+ + 2 e-

Hydrogen | Hy 2Ht+2e i

Copper Cu Cu?t + 2 e L\

Siver Ag Agh+ e Zn(NOs)zaq) Zn(NO3)z(aq)

Mercury Hg Hg?+ + 2 ¢

Platinum Pt ——= P2t +2 e

Gold Au ASt 43 e What is happening in the beaker

(Least active) of Zn(NO,), solution?



Single-replacement reactions involving metals

Zn?* ions stay in solution

solution

Because Cu is lower on
the Activity Series of
Metals than Zinc,
Copper does not
dissolve in the Zn?*

Balanced chemical reaction:

No reaction. Since Cu is lower on the Activity
Series of Metals than Zinc, Cu metal cannot
displace Zn?* ions from the solution.




Single-replacement reactions involving metals - SUMMARY

ACTIVITY SERIES OF METALS

(Most active)

Lithium Li Lt + e
Potassium | K Kt +e
Barium Ba Ba2t + 2 e
Calcium Ca CaZ+ + 2 e-
Sodium Na Na*t + e
Magnesium | Mg Mg2* + 2 e”
Aluminum | Al ARt 4+ 3 e
Manganese | Mn Mn2+ + 2 e-
Zinc Zn n**t + 2 e
Chromium | Cr Cri++3e
Iron Fe Fet + 2 e-
Cobalt Co Co?* + 2 e
Nickel Ni Ni?* + 2 e
Tin Sn Snit + 2 e
Lead Pb Pb?* + 2 e
Hydrogen Ho 2HY+2e"
Copper Cu Cuzt + 2 e
Silver Ag Agt + e
Mercury Hg Hg?* + 2 e
Platinum Pt —— Pt** +2e"
Gold Au AUt + 3 e

(Least active)

N

Mg (s) is oxidized.
I Zn**(aq) is reduced.
NO; are the spectator ions.

ZH{NDS)E[ﬂq} Zn(NO3)2(aq)

Balanced chemical reaction Mg (s) + Zn(NO;), (aq) - Mg(NO;), (aq) + Zn (s)

Net ionic reaction Mg(s) + Zn?* (aq) = Zn(s) + Mg?* (aq)

e

|
I No reaction

ZN(NO3)2(aq)

Cu

Zn(NOs)z(aq)

RULE: The metal (Mg) has to be more active than the metal ions in
solution (Zn?*) in order to displace the ions from the solution.
Otherwise, no reaction occurs.



Single-replacement reactions involving metals A+BC—o>AC+B

Consider these metals: I I I
Mg Zn Cu Ag

What happens when they are dipped into different solutions?

Mg(NO3)z@aq)  Zn(NO3)2iaqy  CU(NO3)z(aq) AgNO3z(aq)

Can we predict if there is a reaction?



Single-replacement reactions A + BC—>AC+B
involving metals

A

Consider these metaIs

Ma(NOs)2taq)  ZN(NOs)oaq)  CU(NO3)2taq)  AGNOs(aq)
IBI ICI IBI ICI IBI ICI IBI ICI

What happens when the metals are dipped into the different solutions?

A reaction may or may not occur. But if there is a reaction, it will follow
the Single Replacement reaction format to form the products, AC + B.



Single-replacement reactions involving metals A+BC—o>AC+B

Use the mouse to pick a metal and test its reactions in the solutions.

Let’s dip copper into the solutions. O Mg
® Cu
NN
O Ag

Home

Activity 2

Activity 3

Mg(NO3)2 Zn(NO3)2 Cu(NO3z)2 AgNQOs3
Click here to place the Molecular Scale
metals into the solutions. Reactions

http://group.chem.iastate.edu/Greenbowe/sections/projectfolder/flashfiles/redox/home.html

Activity 4




Single-replacement reactions involving metals A+BC—o>AC+B

Copper is dipped into the solutions.

MQ(N03}2 ZH(N03}2 CLI(NOs)z AQNOs
g o
Let’s remove the copper from the solutions. record
. observations
Reaction th
No reaction No reaction No reaction occurs! onthe

l worksheet.

Mg(NO3)2 Zn(NOz)2 Cu(NO3)2 AgNOs




Single-replacement reactions involving metals

ACTIVITY SERIES OF METALS

A+BC—>AC+8B

Let’s write the reaction for Cu (s) in AgNO,(aq).

Lithium Li —— Lit+e .
<oup | (NR = no reaction) SOLUTIONS
Potassium | K —= KVt + e
METALS
Mg(NOs), (aq) Zn(NOs), (aq) Cu(NOs), (aq) AgNO; (aq)
Barium Ba —— Ba?t +2 e
- 2 -
Calcium Ca - Ca** +2e Is there a Is the solid s there a Is the solid Is there a Is the solid
) N ) M ( :I reaction? metal more reaction? metal more reaction? metal more
Sodium 1 B gls active? active? active?
Magnesium | Mg ——= Mg?* + 2 ¢
Aluminum Al AR+ + 3 e
Manganese | Mn Mn2+ + 2 e
) or ) Is there a Is the solid Is there a Is the solid Is there a Is the solid
Zinc Zn Zn“t+2e C reaction? metal more reaction? metal more reaction? metal more
u (S] active? active? active?
Chromium | Cr —— Cri*t + 3 e
Tron Fe — - Fe*12e NR No NR No Yes Yes
Cobalt Co —— Cot+2e
Nickel Ni N|'2+ +2e [ TN 1 1ol Lol Lol demila 1o
7 reaction? metal more reaction? metal more reaction? metal more
Tin Sn —— Sn?*t +2e n (5] active? active? active?
Lead Pb — - Pb2t +2e
Hydrogen Hy ——= 2HT* +2¢
Copper Cu — - Cu?t+2e
] N . Is there a Is the solid Is there a Is the solid Is there a Is the solid
Silver Ag AgT + e A reaction? metal more reaction? metal more reaction? metal more
P = g (S} active? active? active?
Mercury Hg ——= Hg** +2e
Platinum Pt ——= Pt3t + 2"
Gold AU —— AUt +3e




Single-replacement reactions involving metals A+BC—o>AC+B
Cu

Starting
Materials:

1. Cu(s)

2. AgNO; (aq)

Silver deposits on the Cu metal
Ag® (aq) + e = Ag(s)

Copper dissolves in the solution
Cu(s) > Cu?*(ag) + 2 e

Balanced chemical reaction:
Cu (s) + 2 AgNO; (ag) = Cu(NO;), (aq) + 2 Ag (s)

Two processes Oxidation: Cu(s) > Cu?*(aq) + 2e
happening: Reduction: 2 Ag* (aq) +2C > 2 Ag(s)
NO, are Cu (s) is oxidized. Net ionic

Cu(s) + 2 Ag* (aq) - 2 Ag(s) + Cu** (aq)

spectator ions.  Ag*(aq) is reduced. reaction



Single-replacement reactions involving metals

A+BC—>AC+8B

http://group.chem.iastate.edu/Greenbowe/sections/projectfolder/flashfiles/redox/home.html
Activity 1

- SOLUTIONS
METALS
Mg(NOs), (aq) Zn(NOs), (aq) Cu(NOs), (aq) AgNO; (aq)
Is there a Is the solid Is there 3 Is the solid Is there a Is the solid CO ntl nue W|th
reaction? metal more reaction? metal more reaction? metal more . .
Mg (5] active? active? active? ACthlty 1, 2, d nd 3.
NR
For every reaction,
_ _ m — 1. Write the balanced
Is there a Is the solid Is there a Is the solid Is there a Is the solid
reaction? metal more reaction? metal more reaction? metal more overa ” Chem |Ca|
Cu (S] active? active? active? .
NR reaction.
NR No NR No Yes Yes 2. Write the balanced
net ionic reaction.
Is there a Is the solid Is there a Is the solid Is there a Is the solid 3 Dete rmine the
reaction? metal more reaction? metal more reaction? metal more . .« q.
zn (s) active? active? active? species oxidized.
NR 4. Determine the
species reduced.
5. Identify the
Is there a Is the solid Is there a Is the solid Is there a Is the solid Spectator |On(S).
reaction? metal more reaction? metal more reaction? metal more
Ag (S} active? active? active?
NR




Single-replacement reactions involving metals A+BC—o>AC+B

ACTIVITY SERIES OF METALS

(Most active) Activity 4
Lithium Li Lit + e
N Compare the positions of the Metal and Hydrogen.
Barum | Ba —— Ba¥*+2e Q: Will the metal under consideration react with hydrogen
Calcum | Ca —— Ca* +2¢ ions in solution to displace H, from the solution?
Sodium Na —— Nat + e

Magnesium | Mg ——= Mg?" + 2 e ACtIVIty Of Metals

Aluminum Al ARt + 3 e
e At 0 |
Manganese | Mn M+ 2 e . Metals 1 Use the mouse to pick a
) . | ! metal and then click "Start"
Zinc In —— Zn*t +2e I _
IO Ag button to start reaction.
Chromium | Cr ——— Cri* + 3 e- : O Cu 1
|
|
Iron Fe — = Fe?* +2e e Fe |
|
|
Cobalt Co Co2* 4+ 2 e O Mg :
|
Nickel Ni NiZ+ 4 2 e I O Ni :
|
|
Tin Sn — Sn2*t +2e : O Pb
|
Lead Pb — = Pb2*+2e : O sn | -
1 O Zn ! Activity 1
Hydrogen Hy ——= 2H*+2¢e | :
Activity 2
Copper Cu Cu?t +2 e ct ty
a "
Silver Ag — Agt+ e ACthlty 3
. Molecular Scale
Mercuw Hg Hg2+ e - Home
Reaction HCl(aq)
Platinum Pt ——= P2t +2 e
Gold Au —— AUt +3e

(Least active)



Single-replacement reactions involving metals A+BC—o>AC+B

ACTIVITY SERIES OF METALS

(Most active)

Lithium i —— Llt+e Activity 4
Potassium K Kt + e
s | s bt s g e Q: Will the Mg (s), Pb (s), and Ag (s) react with hydrogen
R ot e e ions in an HCl solution to displace H, from the solution?
Sodium Na Na‘t + e
Magnesium | Mg Mgt + 2 e
Aluminum Al AR+ + 3 e ReaCtion ReaCtion NO-
Manganese | Mn 2 s 2 o occurs! occurs! Reaction
N P Eer. Mg (s) Pb (s) Ag (s)
Chromium Cr Crit + 3 e
Iron Fe Felt + 2 e
Cobalt Co Co?* + 2 e
Nickel Ni Ni2t + 2 e
Tin Sn Snit + 2 e
Lead Pb Pb2t + 2 & HCl(aq) HCl(aq)
| | Hydrogen | H, 2Ht +2¢e [ |
S . Bubbles shows the formation of H, (g) as H* (aq) is displaced
Siver Ag Agt+ e from the solution. The more bubbles, the faster the reaction.
Mercury Hg Hg*t + 2 & . . .
L oo RULE: The metal (Mg and Pb) has to be more active than H*ions in
:Oltd . ot a solution in order to displace H, (g) from the solution.

(Least active) Let’s write the reaction involving Mg (s) in HCl solution.



Single-replacement reactions involving metals A+BC—o>AC+8B
Mg

Starting
Materials:
1. Mg(s) Hydrogen forms as H, gas.
2. HCl (aq) 2H*(aq)+2e > H,(g)
Mg dissolves in the solution
Mg (s) > Mg*(aq) + 2 e
Balanced chemical reaction:
Mg (s) + 2 HCl (ag) - MgCl, (aq) + H, (g)
TV;]’O processes Oxidation: Mg(s) > Mg?*(aq) + 2~
appening:
Reduction: 2 H* (aq) +2¢€ > H, (g)
Cl-are Mg (s) is oxidized. Net ionic

Mg(s) + 2 H* (aq) = H, (g) + Mg?** (aq)

spectator ions.  H*(aq) is reduced. reaction



Single-replacement reactions involving metals A+BC—>AC+8B

ACTIVITY SERIES OF METALS

) - Activity 4

Lithium L —— Lt +e

Potassium | K — Kt +e

Barium Ba —~ Ba2*+2e If a reaction occurs, rank

. s ot e g e HCl (aq) the speed of the reaction.

aenm (1) for the fastest reaction,
Sodium Na ——— Na* +e (2) for the 2" fastest reaction, etc.
Magnesium | Mg —— Mg?t + 2 &
Ag (s c -

Aluminum | Al AP+ + 3 e gls) No 3 Continue with

Manganese | Mn Mn2+ + 2 e ACt|V|ty 4

Zinc n — - Zn?t 42 e l ]

Cu (s .

Chromium | Cr —= Cr¥* + 3 e’ For every react|0n,

e Fe — - Fett+2e 1. Write the balanced

Cobalt o Co?t + 2 Fe (s) overall chemical

Nickel Ni N2t + 2 & reaction.

. . s ae 2. Write the balanced

- o e s o M (¢) net ionic reaction.

- T Yes 1 3. Determine the

ydrogen Hy —= 2Ht +2e . d d

species oxidized.

Copper | & areze 4 DZtermine the

R e Pb (s) Yes 2 species reduced.

Mercury | Hg il 5. Identify the

Platinum Pt —— P+ +2 e Spectator |On(S)

Gold Ay —— AUt +3e



Finish the worksheet: Activity 1, 2, 3, 4

http://group.chem.iastate.edu/Greenbowe/sections/projectfolder/flashfiles/redox/home.html

Single Replacement Reactions

o SOLUTIONS
O Mg METALS |~ g elvaouls (og) 2o}, ) cuin,ls(+4) agno, ag]
® Cu " AR
(s} e - tha? fE
I I I I o
O Ag || S| | B e
NE
Activity 2 e — EREEE
In (5) et et BT
o HE
Activity 3
Mg(NO: Zn(NO: Cu(NO AgNO w
g( 3}2 ( 3}2 ( 3)2 g 3 ACthlty 4 e UELTE Y .IHlIlI“ 1
ﬁ! I’I nagrest mlll;ﬁll randtian? m;‘“‘ L ::Hl,ﬁlri
HE

Lock up the solid metals on the Activity Series of meftals. Arrange the sofd metels in order of
octrvities [From most active to least sctive].

Try some practice problems in Maple TA.

Use Dimensional Analysis in ALL your
calculations!!



