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 Using Activity Series of Metals

2. Single-replacement reactions of nonmetals 4mmmm |,,o|ying the halogens

Today we will focus on single-replacement
reactions involving the halogens.



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



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 )
Today’s focus
4. define limiting and excess reactants. °
5. identify the following types of reactions:

* synthesis 4, Double-replacement reactions

* deggmpqsltlgn ¢ PREDICT by using the table of solubility rules of ionic compounds in water
s combustion

e single-replacement Y

* double-replacement ° Two double replacement reactions

& neutralization

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

» What happens when potassium chromate is mixed with silver nitrate?
» What happens when potassium iodide is mixed with lead (II) iodide?

K2CrOg (aq) + 2 AgNOs (aq) Ag-oCrOg (s) + 2 KNOs (aq)

2 KI(aq) + Pb(NOz)2 (aq) Pbl; (s) + 2 KMO3 (aq)

¢ MNeutralization reactions - a special class of double replacement reaction invalving an
acid and a base

HCl {ag) + MaoOH (aq) MaCl (aqg) + H20 (I}

K2504 (3q) +2 H20O (I}

H,S04 (aq) + 2 KOH (aq)



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

HOME WELCOME CALENDAR MAPLE TA UNIT 1 UNIT 2 UNIT 3 UNIT 4 UNIT 5 UNIT 6

Eﬂup VIIA CHEM 0011 y — f Cu in Malachite
HEi[JI_]E[‘IE Introductory Applied Chemistry _

9
F

ANNOUNCEMENTS  ARCHIVED STATS HOLIDAYS ASSIGNMEN HEMIST'S TOOLS | LABS LECTURE
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I 8.9984032 Chemist’s Tools: Solubility Rules!!
I ? The following table summarizes the solubility ionic compounds in water formed with these common anions

CI a guide to predict products of chemical reactions for double-replacement reactions.

Chilorims
A5 4527 - Acetates, CZH302- ALL - Chlorides, Cl- ALL, except ... AgCl, Hg2Cl2, PbCI2 Sulfates, SO42- ALL®, . . . —

35 Chemist’s Tools: Solubility Rules!!

Br

Anions Soluble Insoluble MNitrates, NO3- ALL

JANUARY 5TH, 2015 | CATEGORY: CHEMIST'S TOOLS | LEAVE A COMMENT | EDIT THIS POST

Birsmime
o - . . = .
79004 Chemist’s Tools: Activity Series of Metals
53 The following table shows the activity series for some of the more common metals in order of deceasing r
the most reactive metal at the top of the list. It should not be surprising to you to find the alkali metals at
l list and the more unreactive metals at . . . — Read More: Chemist's Tools: Activity Series of Metals
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Single-replacement reactions involving the

Halogens

The most reactive halogen is
Fluorine, located
at the top of the table.

Group VIIA

Halogens

Rule 1: if a more reactive halogen

comes into contact with a compound
containing a less reactive halogen,

a chemical reaction will take place.

When the reaction occurs, the less
reactive halogen is displaced from the
compound and replaced by the more
reactive halogen. Hence, the name
SINGLE-REPLACEMENT reaction.
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Cl
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The least reactive halogen is
lodine, located
at the bottom of the table.

/;5/
210)

A+BC—>AC+8B

Unlike metals, the halogens
form NEGATIVE ions.

~ Forms -1 charge ions.

Thisis a
order of the elements
as they appear on the
Periodic Table.
> Not to be memorized.

You are responsible
to know how to
use it.

We will not be concerned with Astatine
because it is radioactive.



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

Halogens
The most reactive halogen is Unlike metals, the halogens
Fluorine, located Group VIIA form NEGATIVE ions.
at the top of the table. Halogens
) ™~ Forms -1 charge ions.
Rule 2: ifa less reactive halogen HF _
comes into contact with a compound 180984032 This is a
containing a more reactive halogen, 17 order of the elements
Cl as they appear on the
no chemical reaction will e Periodic Table.
35 > Not to be memorized.
take place.
..EL You are responsible
Sl to know how to
53 use it.
I
lsding
12690447
M 8 1
The least reactive halogen is We will not be concerned with Astatine
lodine. located sisiban because it is radioactive.
’ (210
at the bottom of the table. | / :




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

Q: What happens when water and an aqueous solution of sodium iodid®are

mixed together? If there is a reaction, write the balanced chemical reaction, net ionic
reaction, identify the species oxidized, reduced, and the spectator ions.

. . . }
Groupviia Otep 1:ldentify the reacting species. By —
Halogens HE:I:II!IIpl:I_EII:I!:IE

Br, (ag) + Nal (aq) —>

G \ * single-replacement
= . . . ® degblaernclos o ]
Hix Step 2: What type of reactions is this? Haven't Z— oo neutralzats

1E.9984032 Single-replacement reaction covered.
17
Cl Step 3: SR Involving metals or the Halogens?
Chlorine Since there is only one metal, Na, in the reacting species, this reaction cannot be SR involving
ERLE L r metals. (Clue: There is no 2" metal to compare with.)
35 Therefore, this must be SR involving the Halogens.
FB |'_ (Clue: There are two non-metals to compare, Bromine and lodine.)
1ol Step 4: Which is more reactive, Bromine or lodine? Bromine, Rule 1 applies,
53 a reaction occurs.
i Step 5: Write the balanced
Rttt chemical reaction. Br, (aq) +2Nal (aq) — 1, (aq) +2NaBr (aq)
82 Step 6: Identify the ,spectator ions, the species.oxidized,and reduced?
At Na* (aq) I"(aq) Br, (aq)

Anlaime
(210)

Step 7: Write the net ionic
reaction?

Br, (aq) + 21" (aq) > |, (2aq) + 2 Br (aq)



Single-replacement reactions involving the Halogens

Group VIIA
https://www.youtube.com/watch?v=tNvERgFmDXo Halogens
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Balanced chemical reaction:  Br, (aq) +2Nal (aq) — 1, (aq) +2 NaBr (aq)

Net ionic reaction:

Br, (aq) + 21 (aq) — |, (aq) + 2 Br (aq)



Single-replacement reactions involving the Halogens

https://www.youtube.com/watch?v=2d9fsYxpYuM

Group VIIA

Halogens

9
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Cl )

154527

35
Br

Farenimc
79,904

1)
\lusline 1/

85
At

Aslaling

(210)

Balanced chemical reaction: , (ag) + NaCl (aq) — No reaction, because
iodine is less active

than chlorine.



Single-replacement reactions involving the Halogens

Scanned Lecture Notes

Road Maps:

« Mole — Mass — Volume — Particles conversion
* From Percent Composition to Empirical Formula to Chemical Formula

Worksheets:

« Lab Report Write up Instructions
« Test #1 covers Unit 2 to 5. Here are the worksheets to prepare for Test #1:
o Unit 2 - Density Questions Worksheet

o o O o O

o

Unit 3 - Naming Worksheet - Name to Chemical Formula and Chemical Formula to Name
Unit 5 - Mole Concept Worksheet

Unit 5 - Salt & Sugar Worksheet

Unit 5 - Percent Composition, Empirical Formula, Chemical Formula Worksheet

Unit 5 - Solution Worksheet — Maple TA Type Questions

Unit 5 - Solution Dilution Worksheet

« Unit 6 - From Combustion Analysis of C, H, O containing compounds to Empirical Formula to Che
Maple TA type problem in Assignment 7

= NIt

+ Uit 6 — Single Beplacement Beactions Waorksheet (Watch animation here)

« Unit & — Single Replacement Reactions Worksheet — 2nd worksheet

5Meel

* Unit 7 - Calculations involving Chemical Reactions Worksheet

+ Unit 8 - Periodic Trends Worksheet Try the SECOnd

worksheet!



s synthesis

Double-replacement reactions + decompositon

« combustion
* single-replacement

@uble—replacem@

¢ neutralization

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

2. Learn to write Double-replacement reaction:
(i) Balanced chemical reaction
(ii) Net ionic reaction
(iii) Identify spectator ions in the reaction



Double-replacement reactions

Recall:

Single-replacement reaction [\ :{oEENY.{ gl
A

Double-replacement reaction iy @ ANENGY.\V ANy - 3%




Double-replacement reactions

Double-replacement reaction iy @ ANENGY.\V ANy - 3%

Driving force for a double-replacement to occur is the formation
of a compound as a product of the reaction.

The compound can be in (s), (l), or (g) states.

(i) Formation of a solid or a precipitate.

Check the Solubility Rules table

(ii) Formation of a liquid, H,O (I), water.

(iii) Formation of a gas, H,S (g), dihydrogen sulfide gas:




Double-replacement reactions AX + BY —> AY + BX
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Double-replacement reactions

AX + BY — AY + BX

Thisis a
REFERENCE table.
Not to be
memorized.

You are
responsible
to know how to
use it.

(NH,),CO;5

Soluble Not soluble
Nitrates, NOy ALL -
Acetates, C;H;0, ALL -
Chlorides, CI' ALL, except AgCl, Hg,Cl,, PbCl,,
Sulfates, SO~ ALL, except BaS0,, SrS0O,, PbSO,
salts of grouplA ALL
salts of ammonium, NH," | ALL
acids ALL
oxides, 0" group IA, ALL
group IIA (Ca, Sr, Ba)
hydroxides, OH group IA, ALL
Ca, Sr, Ba of group ITA
sulfides, S~ group IA, ALL
s, group [IA, (NH,),S
phosphates, PO> group 1A, ALL
(NH4);PO,
carbonates, CO;> group 1A, ALL




Double-replacement reactions

AX + BY — AY + BX

(NH,),CO;

Soluble Not soluble
Nitrates, NO5’ ALL -
Acetates, C;H;0, ALL s Soluble column
-Means compounds
Chlorides, CI ALL, except AgCl, Hg,Cl,, PbCl .
S e S b b produced with these
Sulfates, SO~ ALL, except BaSO,, SrSO,, PbSO, anions will dissolve in
- o water.
salts of grouplA A . .
et -Physical state is (aq)
salts of ammonium, NH;" [|ALL
Not soluble column
acids ALL -Means compounds
oxides, OF ———ry L Prgduceo! with these
group I1A (Ca, Sr, Ba) anions will NOT
Ca, Sr, Ba of group ITA . o :
sulfides, S sronp 1A, ALL (i.e. precipitate forms)
L, group I1A, (NH,),S -Physical state is (s)
phosphates, PO> group IA, ALL
(NH,4);PO,
carbonates, CO;™ group [A, ALL




Double-replacement reactions

AX + BY — AY + BX

Let’s test if the following reactions will occur. If a reaction occurs,
write: (i) the balanced chemical reaction

(ii) the net ionic reaction

(iii) identify the spectator ion(s)

Reactants:) | K.COs(aq) NaCl (aq) Na3POs (aq)
N
Mg(NOs); (aq) 1
Ca(NO3); (aq)
Sr(NO3)2 (aq) ’)

Ba(NO3), (aq)




Double-replacement reactions AX + BY —> AY + BX

Let’s consider if the following reactions will occur:

1 | K,CO;(aq) + Mg(NO,), (aq) — ?

Step 1: What are the potential products formed? Make sure
the formulae

Potential products would be: KNO; and MgCO.. ( are chemically

correct.

Step 2: Determine the physical states of the products.

Check to see whether the products would be:
(i) A solid (i.e. precipitate), (ii) A liquid, water (iii) A gas, H,S (g)
Using the Solubility Rules table:

Soluble Not soluble
Nitrates, NO;~ ALL : Formation of a
carbonates, CO;™ group IA, ALL S(:)|I.d is the
(NH,),CO; driving force
Z for this reaction
to occur!

KNO;(aq) MgCO,(s)



Double-replacement reactions AX + BY —> AY + BX

Let’s consider if the following reactions will occur:

Make sure

1 | K,CO; (aq) + Mg(NO,), (agq) > ? the reaction is

‘ balanced.
Step 3: Write the balanced chemical reaction.
K,CO, (aqg) + Mg(NO,), (aq) >2KNO; (aq) + MgCO; (s)

Step 4: Write the net ionic reaction.
2K (aq) + CO,% (aq) + Mg?* (aq) + 2NG, (aq) —
;K‘((aq) + 2M0, (aq) + MgCO; (s)

CO,* (aq) + Mg** (aq) — MgCO; (s)
Step 5: Identify the spectator ions.

K* (aq) and NO; (aq)



Double-replacement reactions

AX + BY — AY + BX

Let’s test if the following reactions will occur. If a reaction occurs,
write: (i) the balanced chemical reaction
(ii) the net ionic reaction
(iii) identify the spectator ion(s)

Reactants:) | K,COs(aq) NaCl (aq) Na3PO, (aq)
N
Mg(NOs); (aq) 1 /
Ca(NO3); (aq)
Sr(NO3)2 (aq) ’)

Ba(NO3), (aq)




Double-replacement reactions AX + BY —> AY + BX

Let’s consider if the following reactions will occur:

2 | Sr(NO,),(aq) + NaCl (aq) — ?

Step 1: What are the potential products formed? Make sure
the formulae

Potential products would be: SrCl, and NaNO.. ( are chemically

correct.

Step 2: Determine the physical states of the products.
Check to see whether the products would be:
(i) A solid (i.e. precipitate), (ii) A liquid, water (iii) A gas, H,S (g)

Soluble Not soluble
Nitrates, NO5™ ALL
Chlorides, CI ALL, except AgCl, Hg,Cl,, PbCl,,

SrCl,(aq) NaNO3(aq)’

Potential products all stay in
solution. No reaction will occur!




Double-replacement reactions AX + BY —> AY + BX

Finish the rest of this matrix. If a reaction occurs, write:
(i) the balanced chemical reaction
(ii) the net ionic reaction
(iii) identify the spectator ion(s)

Reactants: K,COs(aq) NaCl (aq) Nas;POy (aq)
Mg(NO Y i
g(NOs), (aq) L
CalNOs(ac) | 1 1
oosilea) |85 & &
StNOa):(aq) | 7 ¥

- & 2|, @
BaNO), (a) | Y ¥

hea | &




Try some practice problems in Maple TA.

Use Dimensional Analysis in ALL your
calculations!!



