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Inspire Chemistry
Module 17
“Acids & Bases”

Lesson 4: “Neutralization”




Learning Outcomes:

D Write chemical equations for neutralization reactions.

e

D Explain how neutralization reactions are used in acid-
base titrations.




Focus Question

What happens when an acid and base react?

MAINIDEA In aneutralization reaction, an acid reacts with a

base to produce a salt and water.

H,0

/“D NiC

CQVW‘DQU hﬂ{




New Vocabulary

neutralization reaction acid-base indicator
salt end point

titration salt hydrolysis
titrant buffer

equivalence point buffer capacity



Review Vocabulary

stoichiometry: the study of quantitative relationships
between the amounts of reactants used and products
formed by a chemical reaction; is based on the law of
conservation of mass



What You should intake
when you experience

heartburn(4_sa)? Heartburn

= Take one of the antacids to
relieve your discomfort

= Figure 19 Adose

of any of these antacids can
relieve the symptoms of acid
indigestion by reacting with the
acidic solution in the stomach

and neutralizing it.
‘




* When Mg(OH), and HCl react, a neutralization reaction occurs. (“’}’)
—

* Neutralization reaction: is a reaction in which an acid and a base in an aqueous solution
react to produce a salt and water _— — —

——

bsc a‘v‘;"‘,o-!e»(é.°

Mg(OH), (Antacids)




Reactions Between Acids and Bases

neutralization reaction is a reaction in which an acid and
a base in an aqueous solution react to produce a salt and
water.

=
A salt is an ionic compound made up of a tation(+ ion

from a base and an anion (- ion) from an acid.
T.IL . ,

==



Reactions Between Acids and Bases
« Neutralization is a(double-replacement react%
Mg(OH),(aq) + 2H7C,1(aq) — MgCl,(aq) € 2H,0(])

Base + Acid — Salt \ + Water

M
* The cation from the base\(Mg?*))is combined with the anion from the acid

@in the salt (MgCl,).




Graage 70 AQdv rkevision
Double-repliacement reactions

Double-replacement reactions The final type of replacement
reaction, which involves an exchange of ions between two com-
pounds, is called a double-replacement reaction.

SQ“M \
N

Ca(OH).(aq) + 2HCl(aq) — CaClxXaq)+ 2H,0(l)

/ / /‘f.(,w"(al.’ Z»h‘ol’
é{@ ofl” C [ reeCh'y.,

®



“Review the charges of ions”

@@ 13 14 15 16@

+3

Sc | Ti|V Cr Mn|Fe Co Ni E:u A BRcEQNc-) As Se Br
Y | Zr |Nb|Mo | Tc Eu Eh Pd Ag cd | In | |

LaHfTa'INEeDs Ir PtAquT‘lF‘hﬂan




|Recall!

Common Polyatomic lons

lon Name lon Name
NH: Ammonium | CO3 | Carbonate
= Hydr: rbonate
NO, | Nitite  |HCO;| = o
Bicarbonate
NO, Nitrate CIO | Hypochlorite
SO Sulfite ClO, | Chlorite
SOy Sulfate ClO, | Chlorate
- Hydrogen sulfate B
HSO,| o " ClO, | Perchlorate
Bisulfate
o i
OH H;{dr@'CEHEOE Acetate
CN Cyanide | MnO, |Permanganate
FDi' Phosphate CrED? Dichromate

®




Grade 70 Adv Revision
Double-replacement reactions

Table 3 Guidelines for Writing
Double-Replacement Reactions /

1. Write the components of the
reactants in a skeleton equation.

2. |dentify the cations and the anions
in each compound.

3. Pair up each cation with the anion
from the other compound.

4. Write the formulas for the products
using the pairs from Step 3.

5. Write the complete equation for the
double-replacement reaction.

6. Balance the equation.

AlNO;); + H,50,
AI(NOS), has AR+ and NO4~=
H,S0,4 has H* and SO,%—

AR+ pairs with SO,2~
H* pairs with NO3~

Al5(S04)3
HNO,

AI(NO-); + H,50; — Al,(SO4); + HNO;

2AI(NO3); + 3H,S0, —
Al,(SO,); + 6HNO,

®



Reactions that take place in aqueous solutions and

produce water “H,0”

“Neutralization
reaction” or
“Acid-Base

Reaction”

Acid base —— salt(ionic compound) + water

https://www.youtube.com/
watch?v=RmnT9jwX4qgQ

\ \ O\ \

HCI =+ NaOH “NaCl + H,0
HN03+ KOH - - KNO; + :—IZO

H,S0+ Ca(OH)2 * CasO,+ H,0




Agueous Solutions & Thelr reactions

“Formation of H,O”

awk‘] P b L

Part 2:
‘ Forming water H,O

P Pl ) 31:10/50:70

=l Chemical Reactions | Lesson 3: Reactions in Aqueous Solutions
@EasyChemistry4all

G EasyChemistr... Q. Subscribed v 5 17 1 ~> Share

2.11K subscribers

Describe the reactions that take place in aqueous solutions and produces watetr.



Reactions Between Acids and Bases

Complete lonic & Net lonic equations
* Neutralization is a double-replacement reaction.

Mg(OH),(aq) + 2HCl(aq) — MgCl (aq) + 2H,0(l)
Base + Acidd —  Salt + Water




Reactions Between Acids and Bases
Complete lonic & Net lonic equations
—

Recall that in an aqueous solution, 4 H Jion exists as a H3O™ ion, so
the net ionic equation for an acid-base neutralization reaction is

(.05 HQiDe) = 21,00,

H‘f +ol — H?/O 4

= Figure 20 A hydronium ion transfers
a hydrogen ion to a hydroxide ion. The loss

of the hydrogen ion by H;0* results in a "'/-—\ =
water Tolecule. The.galn of a hydrogen ion 8 o =N
by OH™ also results in a water molecule.

H;0*(aq) OH-(aq) 2H,0()




Quiz

1. What are the products of a neutralization reaction?

Roct=rkF
2% an acid and a base Reacten|s ‘" AQA 2 Bege

254 an acid and a salt

2., abase and a salt

D @and w@ CORRECT




Now try to write net ionic equation for

KOH and HNO,

KOH(aq)+ HNO, (aq) —



Now try to write net ionic equation for

KOH and HNOj

L‘3" AC«J 9“‘“‘

KO 3((aq —_— KlNqu )+ H'20(|)\V\‘¢/q le replacement reaction)
/@Q NG )
oH y* ND
w "(aq) * '\}O/aq) — (aq)‘“ﬂg/(aq)+ H>00)

Cow‘?\ek Jé .(..OH *H fNO/ ___%Lf_é—l + \P\Of)

&71;.9/7'0“‘ - I / \.__J

@ +0OoH-G@g9 — HeXl)
ﬁ;:ﬁ,. HT +0# — Hpo 1%!30+f 0“.——)7/"]%




Now try to write net ionic equation for

KOH and HNO,

KOH(aq) + HNO3 (aq) — KNOS(aq) + HZO(I) (Double replacement reaction)

Cow \J"Q fane <,7wuh’o-
- + - -
/j(aq)‘“o"' @)t H gt N/Os/(aq) — (aq)‘“ﬂgz«:/(aq)+ H,0)
/ /\/(/” JoniC @/?"‘“‘/"‘0"'

H™(ag) + OH (ag) — H,O(l)



If you have an acid or a base with a known
volume and Unknown concentration
(Molarity).

How can you find its
concentration?

v ol
Acid-Base Titration
NMM;‘Z‘V\—JQQ
R&‘/i’TD«—\




Acid-Base Titration

* Titration is a method for determining the concentration of a solution by reacting a known
volume of that solution with a solution of known concentration.

= Figure 21 In the titration of an acid by
a base, the pH meter measures the pH of
the acid solution in the beaker as a solution
of a base with a known concentration is
added from the buret.

Using solution of known
concentration to determine the
concentration of another
solution

E/]j -:z CRR}~ IA .

concentration
—

N .[—B ﬂknov@&“ ‘o\

concentration




Acid-Base Titrations

* known concentration

acid or base)

( analyteyacid or base)

9 « unknown concentration

* known volume
L—




Acid-Base Titration

* Titration is the process in which an acid-base neutralization reaction is used to determine
the concentration of a solution of unknown concentration.

Titration Procedure

How is an acid-base titration performed?

1. A measured volume of an acidic or basic solution of unknown concentration (called
analyte) is placed in a beaker. The initial pH of the solution is read with a pH meter.

2. A buret is filled with the titrating solution of known concentration. This is the standard
solution, or titrant.

e

-\*\*m&-
3. Measured volumes of the standard solution are added slowly to the beaker. The pH is

read after each addition. Thi ss continues until the reaction reaches the equivalence
point, the point at which moles of H* jons from the acid equal (noles of OH Yons from the
— .

base.




Acid-Base Titration

50.0 mL 0.100M HCI Titrated 50.00 mL 0.1000M HCOOH Titrated
with 0.100M NaOH with 0.1000M NaOH |
14 14 ;
12 =T 12 T
[ : ‘
10 “" ~ 10 |
S e NSA—7 VT |
° . - ° . |
:E- ‘ 7 :E- = quivalence pou\t // J |
Equivalence pojnt — o
4 e
/
y 4
2 E——— 2
0 0 |
0 0 20 30 40 650 60 70 0 0 20 30 40 50 60 70
Volume NaOH added (mL) Volume NaOH added (mL) |
" ¢ okl

In each titration curve, a steep rise in the pH of the
solution indicates that all of the H*)ions from the acid
have been neutralized by the OH7 ions of the base.




50.0 mL 0.100M1 HCI Titrated

with 0.100M NaOH

| Z | |
;Equivam

pOi ny

L

10

20 30 40 50 60
Volume NaOH added (mL)

70

Page: 143
Titration of 50.0 mL of 0.100M HCI, a
strong acid, with 0.100M NaOH, a strong
base. T
The initial pH of the 0.100M HCl is 1.00
As NaOH is added, the acid is neutralized,
and the solution’s pH increases gradually.
But, when nearly all the H* ions from the
acid have been used up, the pH increases
dramatically with the addition of an
exceedingly small volume of NaOH. Abrupt
increase in pH occurs at the equivalence
point of the titration.
Beyond the equivalence point, the
addition of more NaOH again results in a
gradual increase in PH
Bromthymol blue is a good choice for a
titration of a strong acid with a strong base




N-C{'L»M\'(
Acid gt

0 50.00 mL 0.1000M HCOOH Titrated

with 0.1000M NaOH

Equivalence

point

0 10 20 30 40 50 60
Volume NaOH added (mL)

'

» Titration of weak acid (PH 3.5) with
Strong base o
* The equivalence point for the
titration of Methanoic acid (a weak
acid) with sodium hydroxide (a
strong base) lies between pH 8 and
pH 9
Phenolphtha@changes color at
the equivalence point of a titration
of a(éeak ac@with a s@

e T




Quiz

2. What term refers to the point in a titration when
the concentration of H* ions from the acid equals
the concentration of OH™ ions from the base?

e

% the buffer capacity

@5, the titration point

G the equivalence poin@lRECT

25 the turning point




: CoHd =Cue <bref
Conclusion
_Conclusion [AMMINGCTTD

* You might think that all titrations must have an equivalence point at pH 7 because that
is the point at which concentrations of hydrogen ions and hydroxide ions are equal and
the solution is neutral.

Acid « Rew _)@* Weler

* This is not the case, however. Some titrations have equivalence points at pH vaIue\sIﬁs
than 7, and some have equivalence points at pH values greater than 7.

‘ }

* These differences occur because of reactions between the newly formed salts and
water (Later).

/qu{valence point: which is the point at which moles of H* ion from the acid equal moles
of OH ~ion from the D balps s Bl Y quinlane pont-
'

* End poﬁt: The point at which the@tor used in a titration changes c@

(&= o




&l%ueﬁ

Acid-Base Indicators

Chemists often[use a chemical dﬁkco detect the equivalence point of an acid-base

titration. . K
PH

Chemical dyes whose colors are affected by acidic and basic solutions are called acid-
base indicators. -

The point at which the indicator used in a titration changes color is called the end

point of the titration.
————

It is important to choose an indicator that will change color at the equivalence point of
the titration. “— 1 ‘ J

. —




Acid-Base Indicators

FO L 2 3 4 5 6 7 8 9 10 " 12 13 14
O (@@ Crystal violet

———

[ e Cresol red
S W Thymol blue
~m Bromphenol blue
s Methyl orange
e Bromcresol green
Methyl red
s Bromcresol purple

N2 colar N, /\|i73rin
Mocler (——m @
s Phenol red
- {Phenolphthalein |
i Thymolphthalein
— S Alizarin yellow GG

I S Universal indicator

——




| MOLARITY FROM TITRATION DATAY) [iez’d He W L on o /(o'x

Use with Example Problem 6. +' l'f‘ 'V{_
|
Problem d # + N —_ /\,&HCOO
A volume of 18.28 m4|. of a standard solution
of 0.1000M NaOH was required to + H :

neutralize 25.00 mL of a solution of
methanoic acid (HCOOH). What is the

molarity of the methanoic acid solution? Ky I'CP O Fend N“D l’" Moles

nol 2L
TRl =6 | Titrenk poles = M x Volome rolome = 0-1= 1 g% o

L st Fid Moles of HCO0H Frnm
"tf Mo les gﬁ N“DU

R A ﬂ%z'( g — Sy




MOLARITY FROM TITRATION DATA

(Pola) - HCool = (- %2 Ko~

Use with Example Problem 6.

Problem
A volume of 18.28 mL of a standard solution Sch 3

of 0.1000M NaOH was required to O ['OS
neutralize 25.00 mL of a solution of Nalap:b o —

methanoic acid (HCOOH). What is the (/W
molarity of the methanoic acid solution? — @




MOLARITY FROM TITRATION DATA
IN-CLASS EXAMPLE

Use with Example Problem 6.

Problem

A volume of 18.28 mL of a standard solution
of 0.1000M NaOH was required to
neutralize 25.00 mL of a solution of
methanoic acid (HCOOH). What is the
molarity of the methanoic acid solution?

Response

ANALYZE THE PROBLEM

You are given the molarity and volume of
the NaOH solution and the volume of the
methanoic acid (HCOOH) solution. The
volume of base used is about four-fifths of
the volume of the acid, so the molarity of
the acid solution should be less than 0.1M.

UNKNOWN
M, =? mol/L

KNOWN

V, =25.00 mL HCOOH
Vy =18.28 mL NaOH
Mg = 0.1000M

SOLVE FOR THE UNKNOWN

Write the balanced formula equation for the
neutralization reaction.

HCOOH(aq)+NaOH(aq)->HCOONa(aq)+H,O(l)
Write the acid to base mole relationship.
1 mol NaOH neutralizes 1 mol HCOOH.

e Convert volume of base from mL to L.

1L
Vg = 18.28 mk % 1000 ok - 0.01828 L



MOLARITY FROM TITRATION DATA

IN-CLASS EXAMPLE

SOLVE FOR THE UNKNOWN (continued)
Calculate moles of NaOH.

* Apply the relationship between moles,
molarity, and volume of base.

Mol NaOH = (M;)(V;)
* Substitute M; = 0.1000M & V, = 0.01828 L.
Mol NaOH = (0.1000 mol/£)(0.01828 t)
=1.828 x 103 mol NaOH
Calculate moles of HCOOH.

* Apply the stoichiometric relationship

1 mol HCOOH
1 mol NaOH

=1.828 x 1073 mol HCOOH

1.828 x 1073 mol NaOH x

Calculate the molarity of HCOOH.
* Apply the relationship between moles of acids,
molarity of acid, and volume of acid.
1.828 x 1073 mol HCOOH = (M,)(V,)
* Solve for M,.

1.828 x 10-3 mol HCOOH
M, = A

e Convert volume of acid from mL to L.

1L
VA—25.OOm4=Xm

* Substitute V, = 0.02500 L.
~1.828 x 10-3 mol HCOOH

= 0.02500 L HCOOH

— —2
Mn\=—602500 LACOOR - /-312*10
mol/L
EVALUATE THE ANSWER

The answer agrees with the prediction that the
molarity of HCOOH is less than 0.1M, and is
correctly recorded with four significant figures
and the appropriate units.



PRACTICE Problems Extra Practic

44. \What is the molarity of a nitric acid solution if 43.33 mL of 0.1000M KOH solution is
needed to neutralize 20.00 mL of the acid solution?




PRACTICE Problems Extra Practic

44. \What is the molarity of a nitric acid solution if 43.33 mL of 0.1000M KOH solution is
needed to neutralize 20.00 mL of the acid solution?




Section 4

Neutralization
Salt Hydrolysis (Page 147)

Learning Outcomes

D Define salt and salt hydrolysis.

D Identify the type of salt (acidic, basic or neutral) and its constituent acid
and base with their strengths.




Salt Hydrolysis (Page 147)

Are Salt solutions
acidic, basic or neutral?

Salts:
KF
NH,CI
NaNO,
CTAmSMEIENE L e o P o

QI0M NaNCs

0.10M NH,CI

= Figure 26 The indicator bromthymol
blue provides surprising results when added
to three solutions of ionic salts. An NH,Cl
solution is acidic, a NaNOs solution is
neutral, and a KF solution is basic. The
explanation has to do with the strengths of
the acid and base from which each salt was
formed.



L - Salt Hydrolysis (Page 147)

. Many@ react with water in a process known as(salt hydrolysis.
W _ =k

*\ In salt hydrolysis, the anions of the dissociated salt accept hydrogen ions
~+ . . . .
from water or the cations of the dissociated salt donate hydrogen ions to

\_'_'_.

e Salt hydrolysis can produce basic, acidic, or neutral solutions.

S— N —
—,
~———




O~ W F -—ﬂ@x 1.0

Salts that produce basic solutions Potassium fluoride is the salt of
a(stroné baseKOH) and aweak acid ?(HF), [t dissociates into

potassium ions and fluoride ions.

KF(s) — K*(aq) + F~(aq)

The K™ ions do not react with water, but the F~ ion is a weak
Br;arﬁe_d/Loer base. Some ﬂuorlde ions establish this equ111br1um

wit

1 water

o+
F~ (aq) + H,O() = HF(aq) +

\OG\,(O\ C

QU7




Salts that produce acidic solutions NH4C1 is the salt of a weak
base (NH3) and a stron\/ﬂgacld(l—l(ﬂ) When dissolved in water the salt
dlssoc1ates into ammonium ions and chloride ions.

NH; (aq)+ HCl (aq) > NH,Cl(s) — @aq) @_(a@

P

The ClI ions do not react withme, but the NH,* ion is a weak

Bronsted-Lowry acid. Ammonium ions react with water molecules to

establish this equilibrium.

T
NH,;%(aq) + H,O(l) = NH3(aq) +‘I—I3O+(aq) ‘

More H,O* = More acidic solution

Pl <3




Salts that produce neutral solutions Sodium nitrate (NaNO3))is the

salt of a strong acid (HNO3) and a strong base (NaOH). ]gg_tliror no salt

hydrolysis occurs because neither Na+§nor NO; ™ Jreact with water.
IUSE NELENS

Therefore, a solution of sodium nitrate is neutral.

Ao H + HIND — NN 490




Page 148

APPLICATIONS

47. Write equations for the salt hydrolysis reactions occurring when the
following salts dissolve in water. Classify each as acidic, basic, or neutral.

a. ammonium nitrate c. rubidium acetate k* Cl— | 3 N‘é
b. potassium sulfate d. calcium carbonate

N

RL CH3COD

a. ammonium nitrate N 4 N 03 c. gbidium acctate 1

NH, *(ad) + H,0() <> NH,(aq) + H,0*(aq) CH,CO0~(aqg) + H,0(l) <> CH,COOH(aq) +

The solution is acidic.
— b The solution is basic.

b.) potassium sulfate ’/\q ul d. caleium carbonate C CO

50,°7(aq) + H,0(1) -5(HS0,™(aq)j+ OH~(aq) co[:rm o(l) & HCo, (aq) +(0H~(aq) )
The solution is(heutral. \ \ The solution is basic.
/}¢0 u H@Soq I — ﬂ>m




Page 148

48. Challenge Write the equation for the reaction that occurs in a titration
of ammonium hydroxide (NH,OH) with hydrogen bromide (HBr). Will
the pH at the equivalence point be greater or less than 77

NH,OH(aq) + HBr(aq) — NH,Br(aq) + H,O(l)
NH,*(aq) + H,0(aq) <> H;0"(aq) + NH,

Hydronium ions are formed so the pH will be less
than 7.



Quiz

3. In what process do anions of a dissociated salt
accept hydrogen ions from water or cations of the
salt donate hydrogen ions to water?

2 & neutralization
2%, titration

C salt hydrolysis CORRECT

%2 buffering



