End of Term 3 Revision

ahj.c
&
- -]
o [v]
2026 2025

v,

£ X ;_ea

asil L)) Zalial) 2Bge (3o alad) Ja0 Juaxi ol

Calad) @ dcgiie lale 2 W) i) 3 clasS ¢ pasiad) jac el cadl < L) LY zaliad] < zaliall 2850

18:52:02 2026-06-15 :zzaliall g3se (e Calall 38Ls) £,

Jac Gyl | caiggn e s se | Jol T enl i) i g iS31 ellis) | gl S | adrald S | lide 8ale (1o aujall
oeneld | Slgd) Glaia¥ T Agug ol Sae | ity colasde | s jdaol mpie teliaaS

(_“QBLL..’:J‘ uo)ﬁa_\_c :a)a.cj

paiial] pic o) Caall sy e laizxV) Jolgil)

@QL’\AN d>xa0
@ Sle al LYl

\ ¥ AH_Q

&l dald) dre M) gy il elals (e algal]

i) ] (b eliasS Balally paiial] e (sabd) Ciall s culilall e aysall

o jad dwl S Oy Sas dax] se 1

EOT3 - CHEMISTRY - ACIDS AND BASES - CHEMICAL EQUILIBRIUM 2
clasSI) 8als lxie) hlinlge 3

dulalad) LY (b Juaid) dylgs (ylociel oy jai &85 Juls 4

- JSagd) B85 & o 5



https://t.me/ae_news
https://almanahj.com/ae/id=40660
https://almanahj.com/ae/id=40660
https://almanahj.com/ae/14chemistry3/misc
https://almanahj.com/ae/14chemistry3
https://almanahj.com/ae/14chemistry
https://almanahj.com/ae/14
https://almanahj.com/ae
https://almanahj.com
https://almanahj.com/files_by_day?country_code=ae&date=2026-06-15
https://almanahj.com/ae/14chemistry3/sheets
https://almanahj.com/ae/14chemistry3/slides
https://almanahj.com/ae/14chemistry3/keys
https://almanahj.com/ae/14chemistry3/exams
https://almanahj.com/ae/14chemistry3/quizzes
https://almanahj.com/ae/14chemistry3/book
https://almanahj.com/ae/14chemistry3/guide
https://almanahj.com/ae/14chemistry3/files
https://almanahj.com/ae/14chemistry3/files
https://almanahj.com/ae/14chemistry3/final
https://almanahj.com/ae/14chemistry3/notes
https://almanahj.com/ae/14chemistry3/reports
https://almanahj.com/ae/14chemistry3/english
https://almanahj.com/ae/14chemistry3
https://almanahj.com/ae/14chemistry3
https://almanahj.com/ae/teacher_id=
https://almanahj.com/ae/network14
https://t.me/almanahj_bot
https://www.facebook.com/groups/grade14uae
https://www.facebook.com/grade14uae
https://t.me/grade14ae
https://t.me/almanahj_bot
https://facebook.com/almanahjae
https://facebook.com/almanahjae
https://facebook.com/almanahjae
https://almanahj.com/s/85cbbc
https://almanahj.com/s/0f35c2
https://almanahj.com/s/9da84f
https://almanahj.com/s/b05fe6
https://t.me/ae_news
https://almanahj.com/ae/14chemistry3
https://almanahj.com/ae/id=40578
https://almanahj.com/ae/id=40423
https://almanahj.com/ae/id=40422
https://almanahj.com/ae/id=40202
https://almanahj.com/ae/id=40117
http://www.tcpdf.org

School Branch 1 Jg¥) apead | § il

School Cluster 2.4 Dt 4.2 Lyl Gliatl
Zayed Ed. Complex - T

e Ol:np * PR P (P W1 11 T @—“'13""” '@".'.J""JI %l et
AT s MINISTRY OF EDUCATION &I g 4l d_,‘ﬂ aalell

b

e BE
aulg=dl CLEMSTRY

READY

END OF TERM 3
REVISION

CHEMISTRY

GRADE 11 ADV P
2

COMPILED BY
MR.ABDULRAHMAN
ALSHENNAWI

duoudlSl jgduill 611g
Ao goryhe Jih

ool .
Pt SJjoleJl 0an A

i Aol

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
KHAWANEEJ COMPLEX. THE MATERIAL IS JUST INTENDED

FOR TRAINING



School Branch 1

School Cluster 2.4
Zayed Ed. Complex -

Al Khawaneej C1,C2 & C3

Jo¥! oyl gl
4.2 gt Gl
2 o8l - puladll ol g

MINISTRY OF EDUCATION A g aslidl g Jo¥laalell

reactants and products

CHM.5.4,02.006.03 Calculate the equilibrium concentration given the value of the equilibrium constant and equilibrium concentration of

temperature

CHM.5.4.02.006.04 Calculate the value of Keq, Kc, or Kp when the concentration or pressure of reactants and products are given at a constant

3 |CHM.5.4.02.007.02 Write the solubllity equilibrium expression for a given reaction equilibrium

Ksp

CHM.5.4.02.008.01 Calculate the molar solubility {concentration) of a sparingly soluble ionic compound using the solubility product constant,

5 CHM.5.4.02.0011.03 Explore the application of the solubility product constant in radiology while exploring its effects on human vital systems

6 |CHM.5.4.02.007.03 Write the solubility for a given reaction equilibrium

§IN-CLASS EXAMPLE |
Use with Example Problem 4.

Problem

At a temperature of 1405 K, hydrogen sulfide,
which has a foul odor resembling rotten eggs,
decomposes to form hydrogen and diatomic
sulfur. The equilibrium constant for the
reaction is 2.27 x 103,

2H,S(g) = 2H,(8) + S,(g)

KNOWN UNKNOWN
Koo =2.27 X 107 [H,] =2 mol/L
[S,] = 0.0540 mol/L

[H,S]=0.184 mol/L

What is the concentration of hydrogen gas
[H2], if [S,] = 0.0540 mol/L and [H,S] =0.184

mol/L?
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SOLVE FOR THE UNKNOWN
» State the equilibrium constant expression.

[H,12[S,] _
[H,512 Koo

Solve the equation for [H5].
* Multiply both sides by [H,S]?. Divide both
sides by [S,].

_ [H,S]2
[H2]2 e Keq e _[éz]_

« Take the square root of both sides.

[H,S12
[H]= \/ Koa™ 187

PRACTICE Problems Extra Practice

18. At a certain temperature, Keq = 10.5 for the equilibrium CO(g) + 2H,(g) = CH30H(g).
Calculate the following concentrations:
a. [CO] in an equilibrium mixture containing 0.933 mol/L H, and 1.32 mol/L CH,0H
b. [H,] in an equilibrium mixture containing 1.09 mol/L CO and 0.325 mol/L CH,0H
¢. [CHsOH] in an equilibrium mixture containing 0.0661 mol/L H, and 3.85 mol/L CO
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18. At a certain temperature, Keq = 10.5 for the
equilibrium CO(g) + 2Hx(g) «—— CH;OH(g).

Calculate the following concentrations. : o ; o
¢. [CH3;OH] in an equilibrium mixture containing
a. [CO] in an equilibrium mixture containing 0.0661 mol/L H; and 3.85 mol/L CO
0.933 mol/LL H; and 1.32 mol/L. CH;0H

CH,0H - [ERLOH
K, :i[chm_]] " " [CONH,T
(1_32’) 105 &H]:
% =W (3.85)(0.0661)

O 14 [CH,OH] = (10.5)(3.85)(0.0661)* = 0.177M

b. [H:] in an equilibrium mixture containing
1.09 mol/L CO and 0.325 mol/L CH;0H

_ [CH,OH]
* [COJH, ]
~(0.325)
T O9)H,]
[H,]=0.169M

19. Challenge In a generic reaction A + B== C + D, 1.00 mol of A and 1.00 mol of B
are allowed to react in a 1-L flask until equilibrium is established. If the equilibrium
concentration of A is 0.450 m/L, what is the equilibrium concentration of each of the

other substances? What is Keq?
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19. Challenge In a generic reaction of A+ B «——

C+ D, 1.00 mol of A and 1.00 mol of B are allowed
to react in a 1-L flask until equilibrium is established.
If the equilibrium concentration of A 1s 0.450 mol/L,
what is the equilibrium concentration of each of the
other substances? What is K.4?

According to the stoichiometry of the equation,
the concentration of B is 0.450M; C and D are

1.00 — 0.450 =0.550M1.

i (03500550 o
T (0.450)(0.450)

The Solubility Product Constant

Some ionic compounds, such as sodium chloride, dissolve readily in
water, and some, such as barium sulfate (BaSO,) barely dissolve at all.
On dissolving, all ionic compounds dissociate into ions.

NaCl(s) — Na*(aq) + Cl(aq)

Sometimes low solubility is also important. Although barium ions
are toxic to humans, patients must ingest barium sulfate prior to having
an X ray of the digestive tract taken. Can patients safely ingest BaSO4?

Barium sulfate dissociates in water according to this equation.

BaSO4(s) — Ba?*(aq) + SO4*(aq)

As soon as the first product ions form, the reverse reaction begins.
BaSOu4(s) «— Ba?*(aq) + SO4?~(aq)

In time, equilibrium is established.

BaSOy(s) = Ba**(aq) + SO4* (aq)
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The Solubility Product Constant: P.101

Sparingly = low

ioni ' ilvi Lubili
Some ionic compounds dissolve readily in water, and some barely” " B

dissolve at all.

The equilibrium constant expression for the dissolving of a sparingly
soluble compound is called the solubility product constant, K .

BaSO4(s) = Ba**(aq) 4+ SO4* (aq)

The solubility product constant expression “K,,” is the product of the
concentrations of the dissolved ions, each raised to the power equal to
the coefficient of the ion in the chemical equation.

Experimentally determined values can be used to determine
the solubility of a sparingly soluble compound.

BaSOy(s) = Ba?*(aq) 4+ SO4*(aq)

Now you can write the solubility product constant expression for the
dissolving of barium sulfate (BaSO,) in water. The Ksp for the process is
1.1 x 107" at 298 K.

Ksp = [Ba?2+][SO42 ] = 1.1 x 10710

. KSp can be used to predict whether a precipitate will form
when any two ionic solutions are mixed.
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Table 17.3 Solubility Product Constants at 298 K ;
Carbonates Halides Hydroxides |

BaCO; 26 x 10-¢ CaF, 35 x 101 Al(OH); 46 x 103

CaC04 34 x 102 PbBr, 6.6 x 106 Ca(OH), 5.0 x 10-€

CuC04 25 %10~ PbCl, 1.7 x 102 Cu(OH); 22 %102

PbCO, 74 x 101 PbF, 33 % 10 Fe(OH); 49 x 10~V

MgCO; 68x 10-6  Pbl, 98x 10-°  Fe(OH), 2.8 x 10-3

Ag,CO, 85x10-2  AgCl 18x10-10  Mg(OH), 5.6 x 10-12

InCO; 151018 AgBr 54 10" In(OH), 3104

Hg,C0,4 36 x 10V Agl 85 x10-¥ Sulfates

Chromates Phosphates BaSO, 1.1 x 1010

BaCr0, 1.2 %10~ AIPO, 9.8 x 10-2 Cas0, 4.9 % 10-5

PbCrO, 23 x 10— Ca;3(P0y); 2.1 x 10-3 PbSO, 25 x 10-8

Ag,Cr0, 11%x10-2  Mg,(P0,), 1.0x 10~ Ag,S0, 12 x 10-5

S U3O-/YUII

Suppose you wish to determine the solubility of silver iodide (Agl)
in mol/L at 298 K. The equilibrium equation and solubility product
constant expression are as follows.

Agl(s) = Ag™*(aq) + I (aq)
Ksp=[AgT][I7]=8.5x 107"7at 298 K This K, value is from Table 3

It is convenient to let s represent the solubility of Agl, that is, the num-
ber of moles of Agl that dissolves in one liter of solution. The equation
indicates that for every mole of Agl that dissolves, an equal number of
moles of Ag™ ions forms in solution. Therefore, [Ag™] equals s. Every
Ag™ has an accompanying I~ ion, so [I~] also equals s. Substituting s
for [Ag™] and [I7], the Ksp expression becomes the following.

[AgT][I7] = (s)(s) = s> =85 x 107V s= V85x 1077 =9.2 x 10~° mol/L
The solubility of Agl is 9.2 x 10~ mol/L at 298 K.
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/' Figure 17 Greater definition is possible in a
gastrointestinal X-ray when patients drink a
thick mixture containing barium sulfate.
Barium sulfate is a poisonous substance,
but it has such low solubility that only a
minimal amount can dissolve in the
patient’s body.

[ Now you can write the solubility product constant expression for the dissolving of
barium sulfate (BaSO,) in water. The K_ for the process is 1.1 % 107" at 298 K.

K, = [Ba*][SO] =11 x 10"

e SOLVE FOR I HE UNKNOWN
* State the balanced chemical equation for the solubilit
Use with Example Problem 5. pat i Y
' equilibrium.
Page 104
CuCO4(s) = Cu?*(aq) + CO4%(aq)
Problem

» State the solubility product constant expression.

Use the K, value from Table
Ksp = [Cu?*][CO42]=2.5 % 1070

3 to calculate the solubility

in mol/L of copper(ll) * Relate [Cu?*] and [CO,;*] to the solubility of CuCO,, s.
carbonate (CuCO,) at 298 s =[Cu*]=[CO,*]
K.  Substitute s for [Cu?*] and [CO,%] in the expression for
Kep-
SOLVE FOR THESURKN S W &ontlNied)
KNOWN ﬂNKNOW » Solve for s, and calculate the answer.

s=v2.5%x10-10 =1.6 X 10-5 mol/L
The molar solubility of CuCO, in water at 298 K is 1.6 x 10°°
mol/L.

ﬁ%p(CuCos) =2.5%x10 s=?mol/L
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b A
P — SOLVE FOR THE UNKNOWN
* State the balanced chemical equation for the solubility

Use with Example Problem 5.
Page 104

Problem

Use the K, value from Table

equilibrium.
CuCO,(s) = Cu?(aq) + CO,%(aq)
* State the solubility product constant expression.

= 2+ 2-1 = -10
3 to calculate the solubility Kgp =[CUTICO4"]= 2.5 %10
carbonate (CuCO,) at 298 s =[Cu*]=[CO,*]
K. Substitute s for [Cu?*] and [CO,%] in the expression for
K

sp°
N, 10
SOLVE FOR THESURKNSWN oritiflied)
KNOWN UNKNOW * Solve for s, and calculate the answer.

N
s =y2.5%x10-10 =1.6 X 10-5 mol/L

= x K =7
i (CUCO;) = 2.5 107 s=7molUL o olar solubility of CUCO, in water at 298 K is 1.6 x 10
mol/L.

CALCULATING MOLAR SOLUBILITY

IN-CLASS EXAMPLE EVALUATE THE ANSWER

SOLVE FOR THE UNKNOWN The K, value has two significant figures,

so the answer is correctly expressed with

(Commued) two digits. As predicted, the molar
 Solve for s, and calculate the solubility of CuCO, is approximately 10-°
answer. moUL.
s =y2.5%10-10 =1.6 X 10-5

mol/L

The molar solubility of CuCO, in
water at 298 K is 1.6 x 10> mol/L.
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PRACTICE Problems Extra Practice Page 988 and glencoe.com

20. Use the data in Table 17.3 to calculate the solubility in mol/L of the following ionic
compounds at 298 K.

a. PbCrO, b. AgCl c. CaCO4

21. Challenge The Ksp of lead carbonate (PbCO3) is 7.40 x 10~ at 298 K. What is the
solubility of lead carbonate in g/L?

'| 20. Use the data in Table 3 to calculate the solubility in
mol/L of the following ionic compounds at 298 K.

a. PbCrOs
PbCrOy(s) <« Pb*" (aq) + CrO4*(aq)
s mol/L: dissolves s mol/L s mol/L
K., = [Pb¥][CrO,]
2.33 x 10713 =(5)(s) = s*
s=~2.3x10" —48x107 M

b. AgCl

AgCI(s) «— Ag'(ag) +CI'(aq)

s mol/L dissolves s mol/L s mol/L
K., = [Ag'][CT]

1.8 x 10710 =(s)(s) =s*

s = Jl.s x10° =1.3%x10° M

I 7 W

c. CaCOs
CaCOs(s) «—— Ca**(aq) + CO:* (aq)
s mol/L dissolves s mol/LL s mol/LL

K., = [Ca?][CO:* ]
3.4 x107° =(s)(s) =s*

s=~3.4x10° =5.8x10°M

21. Challenge The K., of lead(IT) carbonate (PbCO:s) 1s
7.40x1071* at 298 K. What 1s the solubility of lead (II)
carbonate in g/L?

K_ =[Pb**][CO, ] =7.40 x107"
(s)(5) =7.40x 107
s=/7.40x10™ =2.72x10" M
s =2.72 x10 ' mol/L x 267.2 g/mol
=7.27x10~ g/L
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Use with Example Problem 6.

Problem Page 105

Magnesium hydroxide is a white solid
obtained from seawater and used in the
formulation of many medications, In
particular those whose function is to
neutralize excess stomach  acid.
Determine the hydroxide ion
concentration in a saturated solution of
Mg(OH), at 298 K. The K, equals 5.6 x
1012

KNOWN

J'(Sp =5.6 x 1072

UNKNOWN

[OH] =2 mol/L

SOLVE FOR THE UNKNOWN (continued)
* Use your calculator to determine the cube root.

x=[Mgz1=3/1.4 x 1072 =1.1 x 10* mol/L
Multiply [Mg?*] by 2 to obtain [OH"].
[OH-] = 2[Mg?*] =2(1.1 x 10~* mol/L) =2.2%x10% mol/L
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Use with Example Problem 6. * Olate the equationtor the SO[UDlllfy
Problem Page 105 AP
r g Mg(@PUVE FOMBHEAAMAOBIAAL(continued)

Magnesium hydroxide is a white solid
obtained from seawater and used in the
formulation of many medications, in K, = [Mg#][OH]?=5.6 x 102
particular those whose function is to
neutralize  excess stomach acid.
Determine  the  hydroxide  ion
concentration in a saturated solution of

+ State the K, expression.

Let x = [Mg?*]. Because there are two OH-ions for every Mg?* ion,
2x = [OH].

+ Substitute x = [Mg2*] and 2x = [OH]

Mg(OH), at 298 K. The K, equals 5.6 x (X)(2%)2 =5.6 x 1012
10—12. ‘
KNOWN Square the terms. 2 .
X)(4)(x)*=5.6 x 10~
K =56%10" | WA
* Combine the terms.

UNKNOWN
TN 4x¥=56x%10"

“1=?mo
bk * Divide.

X3=w= 1.4 % 10"12

SOLVE FOR THE UNKNOWN (continued)
* Use your calculator to determine the cube root.

x=[Mg?*]=%1.4 % 102 =1.1 x 10 mol/L
Multiply [Mg?*] by 2 to obtain [OH].
[OH-]=2[Mg?*]=2(1.1 x 10 mol/L) =2.2%x 104 mol/L

EVALUATE THE ANSWER

The given K, has two significant figures, so the
answer is correctly stated with two digits. As
predicted, [OH]is about 104 mol/L.
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PRACTICE Problems Extra Practice Page 988 and glencoe.com

22. Use Ksp values from Table 17.3 to calculate the following.
a. [Ag*] in a solution of AgBr at equilibrium
b. [F~] in a saturated solution of CaF,
c. [Ag™]in a solution of Ag,CrO, at equilibrium

23, Calculate the solubility of AgsPOs (Ksp = 2.6 x 1078).

24. Challenge The solubility of silver chloride (AgCl) is 1.86 x 10— g/100 g of H,0 at 298 K.
Calculate the Ksp for AgCl.

22. Use the K.; values from Table 3 to calculate the
following.

a. [Ag'] n a solution of AgBr at equilibrium
AgBr(s) <> Ag'(ag) + Br(ag)
s mol/L. dissolves smol/. s molL
K, =[Ag™][Br7]
54x107" =(s)(s) =5
s=+54x10™" =7.3x107" M =[Ag"]
b. [F7] in a saturated solution of CaF:
CaFi(s) «—— Ca*'(aq) + 2F (aq)
s mol/L: dissolves smol/LL 2s mol/L
1
=ikl
K, =[Ca*|F T
3.5x107" =(s)(2s)° =45’

=11
s=3 ﬁl% —2.1x10°M

1
S 1=21x10"M

F]=4.2x10"M
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c. [Ag’]in a solution of Ag:CrO; at equilibrium

Ag:CrOy(s) «—— 2Ag+(g£) +CrO4(aq)
s mol/L dissolves 2smol'lL. s mol/L

1
= A}
K, =[Ag’T[CrO,"]
1.1x107* =(2s)'(s) =45’

1L.1x107"
- 13)"7 —65x10°M

%[qu —6.5x10°M

[Ag*]=1.3x10"M

23. Calculate the solubility of Ag:POs (Kip =
2.6x10°71%)

K_ =[Ag')'[PO,*]=2.6x107"

[PDJJ_] =s, [Ag"]=3s
(35)'(5) =@75°)(s) =27s* =2.6x 10"

-18
5= 14.'% =1.8x10"molL

24. Challenge The solubility of silver chloride (AgC

1s 1.86x107* g/100 g of H20 at 298 K. Calculate the
K, for AgClL

. 1.86x107'g 1000 g H,0
© 100gH,0 1L
=1.86 x10"g/L
_ 1.86x107°g  Lmoal
1L 1434 ¢
K, =[Ag"][CT]=(6)(s)
K_ =(1.30x10* mol/L)(1.30 x10* mol/L)
=1.7x107""

S =1.30 x10™ mol/L
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19. Challenge In a generic reaction A + B== C + D, 1.00 mol of A and 1.00 mol of B
are allowed to react in a 1-L flask until equilibrium is established. If the equilibrium
concentration of A is 0.450 m/L, what is the equilibrium concentration of each of the
other substances? What is Keq?

21. Challenge The Ksp of lead carbonate (PbCOs) is 7.40 x 10~ '* at 298 K. What is the
solubility of lead carbonate in g/L?

24. Challenge The solubility of silver chloride (AgCI) is 1.86 x 10—% g/100 g of H,0 at 298 K.

Calculate the Ksp for AgCL.
The reaction : COCl,lg) = COlg) + Cly(g) COCly{g) = COlg) + Clolg)  : Lol
reaches equilibrium at 900 K. 900 K g dage die Y Al ) Lay
keq =8.20x 1072 Keq = 8.20 x 1072
If the equilibrium concentrations of CO and Cl; are 0.150 mol/L, « 0.150 mol/L a Cl s CO 1 imy) 5815 cals 13
what is the equilibrium concentration of COCI,? fCOCI; J 5y 3853 La

0.274 mol/L

0.183 mol/L
3.65 mol /L

0.550 mol/L
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Solubility Product Constants at 298 K

Compound Compound Ksp Compound Ksp
Carbonates Halides Hydroxides
BaCO; 26 x10°° CaF, 35x 10" Al(OH)5 46 x 1073
CaCo3 34x10°° | PbBr, 6.6 X 106 Ca(OH), 5.0 X 106
CuCO; | 25 %107 Pbd; | 17%x 1075 Cu(OH), 22 %1072
PbCO4 74 x 1071 PbF; i 33x10°8 Fe(bH]z 49 x 107V
MgC O3 6.8 x 10 © PDI; 9.8 x 10 ° Fe(OH)5 28 x10 @
Ag,CO; . g5x10" AgCl ” 18% 10— Mg(OH), 5.6 X 102
ZnCO; 15 x 107 AgBr | 54x107® In(OH), 3x1077
Hg,CO5 36 x 107 Agl 85x10-7 Sulfates
Chrorﬁahs Phosphates BaSO, 11x 10710
BaCrOy 12 x10~% AIPO4 9.8 x 107 CaS0, 49 x10~°
PbCrO, 23 x10°8 Ca,(PO,), 21x10~3 PbSO,4 25x 102
Ag,CrO, 11x 10~2 Mg,(PO.), 1.0 10~24 Ag,S04 12% 10°5
What is the solubility in mol/L of lead bromide PbBr, at 298 K? #(MOl/L 52a4)) 298 K 2 PDBry jaliajl s,y £ L
if K., = 6.6 x10°% K, = 6.6 x107¢ ;S 1)

PbBrzts} ot Pb1+[aq} + EBr'[,q}

—

0.024
0.018
0.030

0.012
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If the K, of calcium hydroxide Ca(OH), is 5.32 x 10°° @5t Ca(OH); ppundiSl 23Ky gl Kop da ilS 1))

g ] H i H
at 298 K. What is the solubility of calcium hydroxide in Bange pondS) 30830 2l L . 208 K xic 5.32 X 10°°

mol/L?
¢ mol/L

Ca(OH)ye = cazi'(a} + 20H
3.30 x 10°®
1.60 x 1073
2.80 x 1077

1.10 x 1072

If the K, of magnesium hydroxide Mg(OH), is Sld Mg(OH); sseniaall 1.y 0] Kyp dadd 2l 1Y
5.60 x 107'2 at 208 K. What is the solubility of pssatiiall 1K) 0 L83 Ld . 298 K 2 5.60 % 10712

magnesium hydroxide in mol/L? ¢ mol/L sas

Mg(OH)zs) = M92+(aq) + 20H" (4

3.45 % 107
1.12x 107#

4.73 = 107"

@)
0]
O
0]
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What is the value of kg, for CaF, compound if the é,"...n.:a CaF; ol w)glh 4315 CulS 1)) CaF; (S jall Kep dad L
solubility of calcium fluoride CaF, is 2.06%10™* M 298 K 5)ha d3y0 e 2.06%104 M
at 298 K?
2+ =
4.2x107
1.8x107’
-12
8.8%x10
-11
3.5x10
What is the concentration of silver ion [Ag*] in Ag,CO, S 1Y Y e AGaCOy Jglaa i [ABYF] dadll gl 385 L
solution at equilibrium if the kg, = 8.52x1071* at 298 k? ¢ 298 k 2 ky, = 8.52x10712

3.24x10° M
8.81x107* M
2.57x10* M

1.29x10* M
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CHM.5.3.04.001.01 List six general properties of agueous acids (taste, color of indicators, reaction with metals, metal carbonates and

7

bases, and eleclrical conduclivity)
8

ions)

CHM.S.3.03.001.09 Descnbe the ampholeric behavior of water, H2UJ, and ammonia, MH3 (Using chem equation, particulaie diagram
9

and space-filling models)

10 |CHM.5.3.04.001.10 Distinguish among monoprotic, diprotic and triprotic acids using ionization equations, examples and particulate diagrams

CHM.5.3.04.001.08 Define acids and bases according to Brensted-Lowry theory, indicating the acid, base, conjugate acid, conjugate base
11
and conjugate acid-base pairs, when chemical equations, foormula or space-filling models are given

12 |CHM.5.3.04.001.11 Define acids and bases according to Lewis theory

What are the
differences between
acids and basesl!li??

Acids and bases are conductors of electricity.
Acids turn blue litmus red.

Bases turn red litmus blue.

LITMUS TEST
Blue Litmus Paper Red Litmus Paper
L= P i
N Mo,
Acidic Solution Basic Solution
Blue Litmus Turns Red Red Litrus Turns Blue
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interested!

_ i _Base
Blue litmus turns red Red litmus turns blue

https://en.wikipedia.org/wiki/Litmus

_—

Acids and bases can be identified by their reactions with some metals and
metal carbonates.

Magnesium and zinc react with acids to produce hydrogen gas (H,).

Zn(s) 4+ 2HCl(aq) — ZnCl,(aq) + Ha(g)

Metal carbonates and hydrogen carbonates also react with aqueous solutions ~ Limestone:

of acids to produce carbon dioxide (CO,) gas. 4 rock
composed
NaHCO;(s) + HC;H30,(aq) — NaC,H;30,(aq) + H,O(1) + COx(g)|  primarily of
Caco,.

Geologists identify limestone (CaCO,) because it produces bubbles of carbon
dioxide when exposed to hydrochloric acid.
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“*NAllwater'solutions contain hydrogen ions (H*) and hydroxide ions (OH-).
* An acidic solution contains more hydrogen ions than hydroxide ions.

* Abasic solution contains more hydroxide ions than hydrogen ions.
Acids and bases are conductors of electricity because they produce ions (H*)

and (OH’) when they dissolve in water.
“lons in water = conducting electricity”

<« Acidity

Neutral Basicity >

Remember: [H*] means the
concentration(molarity) of H* in M or mol/L

Water produces equal numbers of hydrogen (H*) and hydroxide (OH") ions in a

process called self-ionization (51 ¢pl). onization= produces

ions

H,O(l) = H*(aq) + OH(aq)

H,O(l) + H,O0&» H;0%(aq) + OH=(aq)

The hydronium ion, H;0%, is a hydrogen ion that has a water molecule attached to
it by a covalent bond. The symbols H" and H,0" are used interchangeably.
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1. Which of these is NOT a property of a base?

. tastes bitter
. conducts electricity

. turns red litmus blue

. reacts with zinc to form H, gas

‘Based on the below reaction, HCl is considered an acid.
Why?

Hint: Mg is Magnesium (Metal)

Mg(s) + 2HCl(ag) > MgCl,(aq)

* Because Magnesium and zinc react with acids to
produce hydrogen gas (H,).
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‘ PRACTICE Problems Extra Practice Page 989 and glencoe.com

1. Write balanced equations for the reactions between the following.
a. aluminum and sulfuric acid
b. calcium carbonate and hydrobromic acid
2. Challenge Write the net ionic equation for the reaction in Question 1b.

y

Practice Problems
page 559

1. Write balanced eguations for reactions between the
following.

a. aluminum and sulfuric acid
ZAI(s) + 3IH2SOu(aq) — AlL(SO4da(aq) + 3IH22g)
b. calcium carbonate and hydrobromic acid

CaCOix(s) + 2ZHBr(aq) —» CaBrz(aq) + H20) +
CO2(=)

2. Challenge WWrite the net ionic equation for the
reaction in gquestion 1b.

CaCOs(s) +2H* (aq) +2Br (aqg) — Ca®* (aq) +
2Br (aq) + HzxO((1) + CO=2()

CaCOi(s) + 2H* (aq) —> Ca?* (aq) + H2O() +
COz()

The Brgnsted-Lowry Model

* " “Fhe Brgnsted-Lowry model of acids and bases states that an acid is a hydrogen ion
donor(x), and a base is a hydrogen ion acceptor(Jiuxw),

HCl + H,0 = CI + H,0*

e Ny

H—Ci: + H—0: 2 QY + H—0—H

* The Brgnsted-Lowry model is a more inclusive model than the Arrhenius model.

Conjugate= 3! sl
* A conjugate acid is the species produced when a base accepts a hydrogen ion.
* A conjugate base is the species produced when an acid donates a hydrogen ion.

* A conjugate acid-base pair consists of two substances related to each other by
donating and accepting a single hydrogen ion.
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Conjugate acid-base pair
-t &
HCliag) + H20 —> H30%q + Cliaq -
Acid Base conjugate acid conjugate base

T T

Conjugate acid-base pair

Hydrogen fluoride donates a hydrogen ion to a water
molecule, so hydrogen fluoride is an acid.

| Y

HF(ag) + H,O(l) = H,O*(aq) + F (aq)

Acid Base Conjugate Conjugate
acid base

}

6‘?‘\——\‘+G_

4. What are bases defined as in the Brgnsted-Lowry model

. OH~ producers

. H* acceptors

. electron-pair acceptors

. electron-pair donors
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* Ammonia accepts a hydrogen ion, so it is a base.

| Y

NH,(ag) + HO() = NH,"(aq) + OH"(aq)

Base Acid Conjugate Conjugate
acid base

A

Compare water H,O in both reactions, is

it acid or base?

. |
H(H;0())= NH,*(aq) + OH~(aq) HSO, aq)+.+~ H;0" (ag) + SO2™ (aq)

Base Acid Conj. acid Conj. Base Conj. acid Conj. Base

So, water can act as both an acid and base depends on what other substance are
in the solution.

** Water and other substances that can act as both acids and bases
are said to be amphoteric.

An amphoteric substance is one that is capable of acting as either an acid or a base by
donating or accepting hydrogen ions.
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2. Amphoteric substances such as water

* always act as acids

* always act as bases

* never act as acids or bases

. can act as either acids or bases CORRECT

| ' PRACTICE Problems Extra Practice Page 989 and glencoe.com

ST

3. Identify the conjugate acid-base pairs in each reaction.
a. NH,*(aq) + OH~(aq) = NHs(aq) + H,0(I)
b. HBr(aq) + H,0() = H3;0*(aq) + Br—(aq)
c. CO32-(aq) + H,O0() = HCO3; (aq) + OH—(aq)

Conjugate Conjugate
Acid base Base acid
a. NH4* NH: OH- H:0
b. HBr Br- H:0 H30*
c. H:O0 OH- COs*- HCO3~
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4. CHALLENGE The products of an acid-base reaction are H,O* and SO,*. Write a balanced
equation for the reaction and identify the conjugate acid-base pairs.

4. Challenge The products of an acid-base reaction are
H3;0* and SO4*~. Write a balanced equation for the

reaction and identify the conjugate acid-base pairs.
HSOs (aq) + HO(l) <> H:O* (aq) + SO+ (aq)
Reactant base: H,O; conjugate acid: H;O*
Reactant acid: HSO4~; conjugate base: SO4*~

H Figure 7 Whether a hydrogen is ionizable
depends on the polarity of its bond. In
H (o) H H S :
| // acetic acid, oxygen is more electronegative
H—C—C_ 5 & 5" & than hydrogen. The bond between oxygen
'_|| \O—H p—F H H and hydrogen is polar, so the hydrogen
atom can ionize in solution. In hydrogen

H fluoride, fluorine is highly electronegative,
so HF is an acid in solution. In benzene,
there is little electronegativity difference
between the carbon and hydrogen atoms,
so benzene is not an acid.

Acetic acid Hydrogen fluoride Benzene
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* According to the Lewis model, a Lewis acid is an electron-pair acceptor,
and a Lewis base is an electron-pair donor.

* The Lewis model includes all the substances classified as Brgnsted-
Lowry acids and bases and many more.

HW:E:_ — H—F:

Lewis acid Lewis base

SO5(g) + MgO(s) — MgSO4(s)

:?: :'Clir
o=s— ¥ —  |p—s—i
| Lewis base |
:0: :0:

Lewis acid

Three Models for Acids and Bases

Acid Definition Base Definition
| Arrhenius H producer OH~ producer
Bronsted-Lowry 'H* donor H acceptor

electron-pair acceptor electron-pair donor
Lewis
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For each description below, write acid if it tells about a property of an acid or base if it
tells about a property of a base. If the property does not apply to either an acid or a
base, write neither. If it applies to both an acid and a base, write both.

1. Can turn litmus paper a different color

2. Reacts with certain metals

3. Contains more hydrogen ions than hydroxide ions

4. Feels slippery

5. Reacts with carbonates

6. Feels rough

7. Contains equal numbers of hydrogen and hydroxide ions

8. Tastes bitter

9. Tastes sour

Which of the following is a property of Saclgill Jllae sailad e .f'"i Laa éi

basic solutions?

React with metals like zinc to produce hydrogen el e pY Cpeajlall Jia GBI aa Jelis
gas
React with melal carbonates to produce carbon GO9Sl sl PO e Y Sl Sl S e Jelin
dioxide (CO;) gas (CO;)

4 l
Taste sour ¢ W ks

Taste bitter and feel slippery el 2dl3y (3134l 330
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Which of the following chemical equations  Jelall (i 48V 48laSll Y alalll L_;i

represents the reaction that geologists e iyl uadand) deadtig (sl
use to identify limestone rocks from other ¢ gpiaall s e djall el
rocks?

CaC0y(5) + 2ZHCl 4 — CaCly(aq) + Hy0q) + €Oy

NaHCO, ) + HC,H;0,(,q) = NaC,H;0,(,q) +H;04) + CO4

2(aq)

Cugs) + 4HNO;(,q) = Cu(NO;)z(aq) + 2H,0py + 2NO,

Zn,) + 2HCl,q) — ZnCly(aq) + Hy(g

Which of the following is a property of acids? fualaa) jalliad o el S Las
Turn red litmus paper blue G sl ) ehanl eadll L3 2855 o O
Feel slippery malall Al O
Reacl with zinc to produce hydrogen gas e 3""‘! )3} ga Jelis O
It tastes bitter 4 gaale '
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Which of the following chemical equations represents a reaction e ae s -
Gl Jobadl G Jolis il 406N 25l €D Y Slad) 5

between the aqueous solution of an acid and metal hydrogen

T At gl ) Ciig Sy asal
carbonate?
Cu[') i 4““03(aq} - CU(NU; }2{aq} + ZH:!DH] + ZNOQ(S)
Znggy + 2HCl iy = ZnClycaq) + Hyge)
NﬂHCDn'} + HC,H, 03(3,_” = Na(lgH;Og[,q} + HQO[I] 2 7 COE[!}
CaCOyy, + ZHCl(aqj - Ca(:l:(,,“IJ +H,0q, + 603[8)
C -
Which of the following is correct? fone Sk L 4l

In basic solution [H] > [OH] (H] > [OH]  OsS =il Jeadl (

In neutral solution [H] > [OH] [H] > [OH] &S Jlaial Jyladdl 3 (

In acidic solution [H'] > [OH] [H] > [OH] O gl Jeladl 3 (

In acidic solution [H] < [OH] [H] < [OH] 058 paaadl Jeadl 2 (
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Table 2 Three Models for Acids and Bases

OH" producer

Arrhenius H* producer
Bronsted-Lowry | H* donor H* acceptor |
Lewis electron-pair acceptor electron-pair donor 1
In the reaction equation below, which of the following fovnaa Al Las (gl colial Jelall dlolas 3
is true? — + -
HX(aq) + H,O() = H;0%(aq) + X~ (aq)
HX donates hydrogen ion to water H,O HyO oLl fsgsam al HX ~iw

H,O is a Bronsted-Lowry acid Gio) — 5liy g ialan] e HiO yiaf

HX is a Bronsted-Lowry base Sosd — Dligp sell e HX i O

HX accepts a hydrogen ion from water H,0 H2O eldl o Jungyun Ogd HX Uity O
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Which of the following is considered a conjugate 38 38l Jlaam ) el Ak Laa
acid —base pair?
H;PO, , HPO,*
HO . O
HNO, , NO,~
H,SO, , SO
g
Which of the following is nol a conjugate acid- base pair? T3 il gy el b e _;1

HC10, /CI0;

HSO;3 /8035~

H,0/0H"

H,;0*/OH"
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Which of the following is amphoteric 4,50 ghal B2la i) g L §
substance?

2- + 2-
HPO4 H H3PO4 PO4

Table 2 Three Models for Acids and Bases

m Acid Definition Base Definition

Arrhenius ' H* producer OH- producer

Bronsted-Lowry H* donor H* acceptor }
Lewis ' electron-pair acceptor electron-pair donor

Which of the following is correct about to the reaction below? ool JOUl dpudy daaes 43D 2 ) g1

NHs(aq) + H,0() = NH,*(aq) + OH (ag)

A. NH; is considered as Arrhenius base et ) 5ol NH, e A
B. H:0 is considered as a Bronsted - Lowry acid P ey e H,0 e B
C. NH; accepts an electron pair from H;0 HIO O e g 5801 1) Sl N, .C
D. H;0 accepts H* ion in the forward reaction ) D) A HT L e H,0 D

Which of the following is correct about to the reaction below? ol GOl Lol Zaaue L0 il a5

H*+ F- > H-—F:

A. F ion accepts an electron pair Sl T F Os Jii A
B. F- ionis considered as acceptor of hydrogen ion O Sl Jlis B i B
C. H* ionis considered as Arrhenius base nsit ) Bl HY gl ey €
D. H* ion donates an electron pair to F lion Foos o) S i) e g ol H Ol e D
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Which of the following is true? Tona S L g

F: H F:
:f—%—/—\;r:.*—u — - NH3(aq) + HO() = NH, " (aq) + OH (aq)

M= D =TV
|
LTI
|
=

1 2
The ammonia NH, in reaction 2 is an electron iy S g Joliena 2 Jelid & NH, Waal! sl
pair acceptor
The ammonia NH; in reaction 1 is a Lewis base ous il ] Jelmh 3 NH, \galf! el
The ammonia NH, in reaction 2 is a Bronsted- Sigl = Blgy saes 2 Joldll A NH, gl ol
Lowry acid
The ammonia NH, in reaction ] is a Lewis acid ouyl s 1 Jolid 4 NH, gt el
Why does BCly represent Lewis's acid oasl saes BCly hd 13
in the following reaction? = TS Jelid 3
H ok A
l 1Cls
a1 B + :Cl: == | 1CIsB:Cls
. | .. 'Cl'
tas
Because It is prolon acceplor from the base CI- CF 33l e 5 pll Sl a8y

Because il is proton donor 1o the base CI- G'L»H_)!dgiﬁ:sl--ﬁ‘i

Because it is an electron pair donor to the base CI- CF selid 3 iy oSl o3l mile ol

Because il is an electron pair acceplor from the base CI° OF seolil e iy 50 oy 3 s oY
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Why does O represent Lewis's base in the
following reaction?

Because it accepted a proton from SO
Because it donated a proton to SO,
Because it donated a pair of electrons to SO,

Because it accepted a pair of electrons from SO,

What is the substance that contains hydrogen, and

ionizes to produce hydrogen ions in aqueous solution?

Lewis acid

Lewis base

Arrhenius acid

Arrhenius base

1A el b gl 5807 B4 L

z.—

SO; e Uy cilind gy
SO; J Usigp cunia 1Y

SO, Y cilig SN a lang) cinia LgdY

Q| OO0 ]|0O

SO; (e iy N1 e Loy ) b oY

G yuel) Slisd 218y Gl Gungrne o giad A Bl L

g A Joadt
sl e O
g Bl O
Cestiat)] aes O
esiny B2l O
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13 [CHM.5.3.04.003.01 Compare between strong and weak acids (using examples, particulate diagrams and ionization equations)

14 [CHM.5.3.04.006.01 Define acid ionization constant, Ka, while writing the ionization constant expression for different weak acids

15 [CHM.5.3.04.003.02 Relate the strength of weak acids to the numerical values of Ka

CHM.5.3.04.003.04 Identify the relationship between the strength of an acid and its conjugate base and the strength of a base and its
16
conjugate acid

17 [CHM.5.3.04.006.02 Define base ionization constant, Kb, while writing the ionization constant expression of different weak bases

18 |CHM.5.3.04.003.03 Compare between strong and weak bases (using examples, parliculate diagrams and ionization equations)

Neak Acid = Less ions = Low electrical conductivity

® Figure 11 The light glows brigntly when slecirodes are placed
in 0.10M hydrochlaric acid salutinn becaise all of the HC is in the farm
of hydronium ions and chicricie ions.

Hydronium
lon

Strong Acid = More ions = High electrical conductivity

- Chleride

. Acetic acid
" melecule

_f — Acetate ion

—— Hydronium ion

® Figure

the light is dim. Compare this illustration with Figure 18.11.
Explain the diff in the Brigh af the bulls in terms of
the comcen tration of jons in solution.

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
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* Acids thationize completely are called strong acids.

* Because they produce the maximum number of hydrogen ions, strong
acids are good conductors of electricity.

* Acids thationize only partially in dilute agueous solutions are called
weak acids.

With a strong acid, the conjugate base is a weak base.

I v

HX(ag) + ILO() — HLO*(aq) + X~(aq)

Acid Base  Conjugate Conjugate

‘ acid base

Equilibrium lies almost completely to the right, because the conjugate base has a
weaker attraction for the H" ion than does the base in the forward reaction.

Notice that the equation is shown with a single arrow to the right for strong acids.
The reaction goes to completion (right).
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In a weak acid, the ionization equilibrium lies to the far left because the
conjugate base has a greater attraction for H* ions than does the base in the
forward reaction.

| Y

HY(aq) + H,O(l) = H,0O"(aq) + Y~ (aq)

Acid Base  Conjugate Conjugate
acid base

)

Notice that the equation is shown with equilibrium arrows for weak acids.

Strength of Conjugate Bases

What is the relationship between
the acld and the conjugate base in acids  conjugate
terms if strength? bases

t
very

weak
Weak acid = strong conjugate base
acid
Fy y strength
Strong acid= weak conjugate base S

weak
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Table 3 lonization Equations

oNag ACIC edkK ACIC

"~ Name | lonization Equation | Name | _lonization Equatia

‘ Hydrochloric HEl—sH™+ CF Hydrofluoric HF = HY 4=
‘ Hydroiodic Hi—H "+ Acetic HCHO,=H"+CH.O,
‘ Perchloric HCIQ, —#7 GO, Hydrosulfuric H,S+=H"+ HS”
} Nitric HNO, — H* + NO,~ Carbonic H,CO, = H* + HCO,~
} Sulfuric H.50, — H" +HS0,~ Hypochlorous HCIO = H" + CIO~
1. acids dissociate completely in agueous solutions.

. Only strong

. Only weak

. Both strong and weak
. Neither strong nor weak

The equilibrium constant, K, provides a measure of the degree of
ionization of an acid.

HCN(aq) +H,0O(l) = H,0"(ag)+CN (aq)

The acid ionization constant, K, is the value of the equilibrium constant
expression for the ionization of a weak acid.

[H,O"][CN"]
[HCN]

K, =K, [H,0]= =G 25 10+
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K, indicates whether products (lons) or reactants(Acid) are favored (more) at
aquilibrium.

For weak acids, the products tend to be smaller compared to the un-ionized
molecules (reactant).

Weaker acids have a smaller K,

Table 4 lonization Constants for Weak Acids

Hydrosulfuric, first ionization HS = Hf + HS™ 89 x10°®
Hydrosulfuric, second ionization RS = 5 1x10°"®

Hydrofluoric HF = H" + F~ 6.3 x10*
Hydrocyanic HCN = H* + CN~ 6.2 x 1071
Acetic CH,COOH = H* + CH.COO~ 1.8 X 107°
Carbonic, first ionization H,CO,= H" + HCO,- 45 x 1077
Carbonic, second ionization HCO,” == H* + CO,*" 47 x10™"

2. In the equation below, CH;COOH is a

CH3COOH = H* 4+ CH3C00~
strong acid

weak acid

strong base

weak base
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12. Write ionization equations and acid ionization constant expressions
for each acid.

a. HCIO, b. HNO, c. Hi9
13. Write the first and second ionization equations for H,SeO ;.
[A5043"][H30+]

[HASO,27]
balanced equation for the corresponding reaction.

14. Challenge Given the expression Ka

, write the

12. Write ionization equations and acid ionization
constant expressions for the following acids.

a. HCIO,
HCIO,(aq) + H,0(l) <> H;0*(aq) + CI0,(aq)
~ [H;0+][CIO,]
2= T[HCI0,]
b. HNO,
HNO,(aq) + H,0(l) H3D+(aq) + NO, (aq)
. [H,0+] [NO,7]
2 [HNO, ]
¢. HIO
HIO(aq) + H,0(l) & H;07(aq) + 107 (aq)

_ [H;0"11107]
3 [HIO]
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13. Write the first and second ionization equations
for H,Se0;.

H,Se0,(aq) + H,0(l) <> HSeO;™ (ag) + H;07(aq)
HSe0,(aq) + H,0(l) > Se0.;2~ (aq) + H,0%(aq)

14. Challenge Given the expression

o [ASO,*~] [H,0"]

L = . write the balanced
[HASO,~ "]

equation for the corresponding reaction.

HAsO,2~(aq) + H,0(l) &> H;0%(aq) + AsO,3~

A base that dissociates completely into
metal ions and hydroxide ions is known
as a strong base.

A weak base ionizes only partially in
dilute agueous solution.

Table 5 Dissociation
Equations for
Strong Bases

NaOH(s) — Na*(aq) + OH (aq)

KOH(s) — K*(aq) + OH (aq)

RbOH(s) — Rb*(aq) + OH(aq)

CsOH(s) — Cs*(aqg) + OH (aq)

Ca(OH),(s) — Ca**(aq) + 20H(aq)

Ba(OH),(s) — Ba”*(aq) + 20H (aq)
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* The base ionization constant, K|, is the value of the equilibrium constant expression
for the ionization of a base.
* For example, for Methylamine(CH;NH;) (Reaction is below in Table 6):

~ [CH,NH,"][OH]
~ [CH,NH,]

* The smaller the value of K, the weaker the base.

Table 6 lonization Constants of Weak Bases

Ethylamine C,HNH,(aq) + H,O(l) = C,H.NH,_*(aq) + OH(aq) 50 x 10°*
Methylamine CH,NH,(aq) + HZO{) = CH_NH_ "(ag) + OH (aq) 43 x 10~*
Ammonia NH,(aq) + H O(l) = NH,'(ag) + OH (aq) 25x10°5
Aniline C.HNH,(aq) + HQO{I} = C_H.NH,*(ag) + OH (aq) 43 x 107"

¥ - | .:. I -
v e I
TR A AL L 0
o e = "

15. Write ionization equations and base ionization constant expressions
for the following bases.
a. hexylamine (CgH413NH>) c. carbonate ion (CO327)
b. propylamine (C3H;NH5) d. hydrogen sulfite ion (HSO3™)
16. Challenge Write an equation for a base equilibrium in which the

base in the forward reaction is PO,3~ and the base in the reverse
reaction is OH™.
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15. Write ionization equations and base ionization
constant expressions for the following bases.
a. hexylamine (C,H,,NH,)
CeHyaNH,(aq) + Hy0(l) <3 CoHyNH,*(ag) +
OH™(aq)
o [CgHy3NH; T [OHT]
[CH,NH]
16. Challenge Write an equation for a base

b. propylamine (CyH,NH,) i 4 d ’ ;
) - equilibrium in which the base in the forward

C,H,NH H,0(l) > C;H,NH,* :
Ohf(aqftaq) =S G reaction is P043‘ and the base in the reverse
_ IGH,NH,*1[OH"] reaction is OH
1GH,NH,] PO, (aq) + Hy0(l) ¢> HPO,2(aq) + OH (aq)

c. carbonate ion {C(]f )
CO,"{aq] + H0(l) HCO*~(aq) + OH (aq)
n [HCO57] [OH]
")

d. hydrogen sulfite ion (HSO, )
HSO;™ (aq) + H,0() > H,505(aq) + OH™ (aq)

_ [H,50,] [OH7]
b= TS0

CHM.5.3.04.006.03 Relate the acidity and basicity of an aqueous solution to the hydronium and hydroxide ion concentration and pH at
19
250C or 298 K

20
CHM.5.3.04.007.01 Use Kw to calculate the hydronium ion and hydroxide ion concentration at a given temperature and vice versa

21 [CHM.5.3.04.007.04 Calculate pOH when the [H+] or [OH"] is given and vice versa

22 [CHM.5.3.04.007.06 Calculate [H+] and [OH"] from pH

23 |CHM.5.3.04.006.04 Calculate the acid dissociation constant, Ka, given acid concentration, [H+] and pH

24 |CHM.5.3.04.005.07 List different methods used to measure the pH of a solution
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Pure water contains equal concentrations of H and OH™ ions produced by self-
ilonization.
The equation for the equilibrium can be simplified as follows.

H.O(l) = H*(aq) + OH" (aq)

In the self-ionization of water, one water molecule acts as an acid, and the other
acts as a base.

© &-6 &
H,0 H,0 OH-

H3O*

* Theion product constant for water, K, is the value of the
equilibrium constant expression for the self-ionization of water.

H20(l) = H*(aqg) + OH" (aq)

K, =[H"][OH]
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Fact from experiments: With pure water at 298 K (25 °C), both [H*] and
[OH™] are equal to 1.0 x 1077 M.

K, =[H]J[OH]=(1.0x10")(1.0x107")

K,=1.0x10"

According to Le Chatelier’s Principle, as [H*] goes up, [OH"] must go down,
and vice versa (mswa USall5), This happens so that the value of K, will not
change.

22. The concentration of either the H* ion or the OH~ ion is given for four aqueous solutions
at 298 K. For each solution, calculate [H*] or [OH~]. State whether the solution is acidic,
basic, or neutral.

a. [Hf] = 1.0 x 10713 c. [OH"]=1.0 x 10—3M
b. [OH"]= 1.0 x 10-"M d. [H*]= 4.0 % 10~°M

23. Challenge Calculate the number of H* ions and the number of OH~ ions in 300 mL of
pure water at 298 K.

22 The concentration of either the Hf ion or the OH- ion
1s given for four aqueous solutions at 298 K. For each
solution, calculate [H*] or [OH-]. State whether the
solution is acidic, basic, or neutral.

a. [H]=1.0x10-8M
K_=[H][OH]
1.0x107™ = (L.0x10™)[OH]
1.0x107™  (1.0x10™)[OH ]
LOx10™  1.0x10™
[OH ] =1.0x10" M
[OH"] >[H"], the solution is basic.
b. [OH] = L.Ox10-M
K =[MH"][0H]
1.0x107™  [H*)(1.0x107")
1.0x107  1.0x107
H]=1.0x10"M
[OH"]=[H"], the solution is netural.
END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
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c. [OH]=1.0x10°M
K_=[H"][OH] 23 Challenge Calculate the number of H* ions and the
1.0x107™ =[H"](1.0x107) number of OH- ions in 300 mL of pure water at
2
L0x107™  [H'](1.0x107) IR
1.0x10°  1.0x10° At298 K, [H']=[OH ]=1.0x10"M
[H']=1.0x10"'M ey 1.0x10 " mol T © E———
[OH™] > [H"], the solution is basic. 1L 1000 mL
=3.0x10"° mol

d. [H*] = 4.0x10-M L
6.02x10° H* i
3.0x10™ mol H ionsx i

K_=[H"][OH] 1mol 5
1.0x10™* =4.0x10™)[OH ] =1.8x10"° H” ions

1.0x107™*  (4.0x10™)[OH ] Number of H” =number of OH™
1.0x10°  4.0x10° —1.8x10" ions

[OH"]=2.5x107""M
[H*]>[OH], the solution is acidic.

€ 7 8 9 10 11 12 13 14

T

Acidic Neutral Basic

tules of pH:

/hen the pH value is closer to zero — It is a strong acid

Vhen the pH value is 7 — |t is a neutral compound

Vhen the pH value is closer to 14 — It is a strong base
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expressed in scientific notation.

pH and pOH are easier ways to express these small
concentrations.

pH is the negative logarithm of the hydrogen ion concentration
of a solution.

pH = —log [H*]

The pOH of a solution is the negative logarithm of the
hydroxide ion concentration.

POH = —log [OH]
The sum of pH and pOH is 14.
pH + pOH =14

HY] 1 10~ 10?2 103 104 105 106 107 1078 10°% 107 10~ 10712 1p-13 10~
pH o 1 2 3 4 5 5 7 8 9 10 N 12 13 14

i o

POH @ 13 12 1 1 9 8 7 6 5 4 3 2 1 0
[OHT] 107" 1078 1072 10=" 10710 1072 108 107 1075 10~ 107 102 1072 107" 1

0

Increasing Increasing
h acidity —— Nt ] se— basicity é
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CALCULATE PH FROM [H+] aH =-log[H*]
CALCULATE pOH AND pH FROM [OH"] POH = -log[OH]
~ [OH] x [H*] = 1024
CALCULATE [H+] AND [OH-] FROM pH
pH + pOH =14

Molarity & pH of strong and weak acids

CALCULATE Ka FROM pH

24. Calculate the pH of solutions having the following ion concentrations
at 298 K.

a. [H']=1.0x 102M b. [H*]=3.0 x 10~°M
25. Calculate the pH of aqueous solutions with the following [H*] at 298 K.
a. [H*] = 0.0055M b. [H*] = 0.000084M

26. Challenge Calculate the pH of a solution having
[OH"] = 8.2 X 10~ °M.
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24, Calculate the pH of solutions having the
following 1on concentrations at 298 K.
a.[H*] X 1.0 X 1072M
pH = —log [H”]
pH = —log(1.0 x 107?) 26. Challenge Calculate the pH of a solution
pH = 2.00 having [OH™] = 8.2 X 10~M.
b. [H*] = 3.0 X 10-M [OH"] = 8.2 x 10-°M
pH = —log [H*] K,, = [H*][OH™] x [H*](8.2 x 107¢)
H = —log(3.0 x 106 -14
p 09(3.0 x ) [H*] = 1.0 x 107" _ .5\ 10-9
pH = 5.52 8.2 x 1076
25, Calculate the pH of aqueous solutions having pH = —log [H*]

the following [H™] at 298 K,

pH = —log(1.2 x 1079
a. [H*] = 0.0055M

pH = 8.92
pH = —log [H*]

pH = —log 0.0055

pH = 2.26

b. [H*] = 0.000084M

pH = —log [H*]
pH = —log 0.000084
pH = 4.08

CALCULATE pOH AND pH FROM [OH ] In Figure 16, a cow is being
fed straw and hay that has been treated with ammonia. The addition of
ammonia to animal feed promotes protein growth in the animal. Another
use of ammonia is as a household cleaner, which is an agueous solution
of ammonia gas. A typical cleaner has a hydroxide-ion concentration of
4.0 x 1073M. Calculate the pOH and pH of a cleaner at 298 K.

Known Unknown
[OHT]=4.0 x 1073M pOH =?
pH=?
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CALCULATE pOH AND pH FROM [OH ] In Figure 16, a cow is being Known Unknown
fed straw and hay that has been treated with ammonia. The addition of [OH™] = 4.0 x 1073M pOH =7
ammonia to animal feed promotes protein growth in the animal. Another pH="?

use of ammonia is as a household cleaner, which is an aqueous solution
of ammonia gas. A typical cleaner has a hydroxide-ion concentration of
4.0 x 10—3M. Calculate the pOH and pH of a cleaner at 298 K.

Fl SOLVE FOR THE UNKNOWN

pOH = —log [OH] State the equation for pOH.

pOH = —log (4.0 x 1073) Substitute [OH™] = 4.0 X 10~3M.

The pOH of the solution is 2.40.  Use the relationship between pH and pOH to find the pH.

pH + pOH = 14.00 State the equation that relates
pH and pOH.
pH = 14.00 — pOH Solve for pH.

pH = 14.00 — 2.40 = 11.60 Substitute pOH = 2.40.
The pH of the solution is 11.60.

CALCULATE [H*] AND [OH~] FROM pH What are [H*] and [OH~]in a healthy person’s blood
that has a pH of 7407 Assume that the temperature of the blood is 298 K.

[H¥] = 4.0 X 10—8M A calculator shows that the antilog of —7.40 is 4.0 X 1078,
The concentration of H* ions in the blood is 4.0 x 10~8M.
Determine [OH™].
pH + pOH = 14.00 State the equation that relates pH and pOH.
pOH = 14.00 — pH Solve for pOH.
pOH = 14.00 — 7.40 = 6.60 Substitute pH = 7.40.

pOH = —log [OH ] State the equation for pOH.

—pOH = log [OH™] Multiply both sides of the equation by —1.

[OH~] = antilog (—6.60) Take the antilog of each side and substitute pOH = 6.60.
[OH™] = 2.5 X 10~ "M. A calculator shows that the antilog of —6.60 is 2.5 x 10—7.

The concentration of OH™ ions in the blood is 2.5 x 10~ 7M.

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
KHAWANEEJ COMPLEX. THE MATERIAL IS JUST INTENDED

FOR TRAINING




School Branch 1 o yutadl § il
School Cluster 2.4 D 4.2 Lyl Glaill
Zayed Ed. Complex - - A oatl e ootasll ol
y P R, il gl - oulall 5 e
Al Khawaneej C1,C2 & 3 MINISTRY OF EDUCATION A g aslidl g Jo¥laalell
— _

30. Calculate [H*] and [OH™] in each of the following solutions.

a. Milk, pH = 6.50 c. Milk of magnesia, pH = 10.50

b. Lemon juice, pH = 2.37 d. Household ammonia, pH = 11.90
31. Challenge Calculate the [H*] and [OH ] in a sample of seawater with a pOH = 5.60.

30. Calculate [H+] and [OH] in cach of the & Milk of magnesia, pH = 10.50

following solutions. [H*] = antilog (—pH)

a. Milk, pH = 6.50 [H*] = antilog (—10.50) = 3.2 x 10~ "M
[H*] = antilog (—pH) pOH = 14.00 — pH = 14.00 — 10.50 = 3,50
[H*] = antilog (—6.50) = 3.2 x 10°'M [OH] = antilog (-3.50) = 3.2 x 10~'M

POH = 14.00 — pH = 14.00 — 6.50 = 7.5 g Houyschold ammonia, pH 11.90

[OH™] = antilog (—pOH) [H*] = antilog (—pH)

[OH™] = (~7.50) = 32 x 107¢M [H*] = antilog (~11.90) = 13 x 10-"M 39 challenge Calculate the [H*] and [OH ] in a
b. Lemon juice, pH = 2.37 POH = 14.00 — pH = 14.00 —11.90 = 2.10 sample of scawater with a pOH = 5.60.

[H*] = antilog (~pH) [OH™] = antilog (-2.10) = 7.9 x 10-*M [OH"] = antilog (—pOH)

[H*] = antilog (-2.37) = 4.3 X 103M [OH-] = antilog (~5.60) = 2.5 x 10-5M

pOH = 14,00 — pH = 14.00 — 2.37 = 11.63 pH = 14.00 — 5.60 = 8.40

[OH™] = antilog (- pOH) [H*] = antilog (—8.40) = 4.0 x 10-M

[OH"] = antilog (—11.63) = 2.3 x 10~ 2m

32. Calculate the K for the following acids using the given information.

a. 0.220M solution of H3AsO,, pH = 1.50 b. 0.0400M solution of HCIO,, pH = 1.80
33. Calculate the Kj of the following acids using the given information.

a. 0.00330M solution of benzoic acid (CgHsCOOH), pOH = 10.70

b. 0.100M solution of cyanic acid (HCNO), pOH = 11.00

c. 0.150M solution of butanoic acid (C3H;COOH), pOH = 11.18

34. Challenge Calculate the K, of a 0.0091M solution of an unknown acid (HX) having
a pOH of 11.32. Use Table 18.4 to identify to acide.
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b. 0.100Mf solution of cyanic acid (HCNO),
pOH = 11.00
pH = 14.00 — pOH
pH = 14.00 — 11.00 = 3.00
[H*] = antilog (—pH)
[H*] = antilog (-3.00) = 1.0x103M
[CNO] = [HH] = 1.0x103M
[HCNO] = 0.100 — 1.0x103M = 0.099M
K - [H'][CNOT] _ (1.0x107)(1.0x107)

: [HCNO] (0.099)

K, =1.0x10"

c. 0.150Mf solution of butanoic acid (CsH;COOH).
pOH = 11.18

pH = 14.00 — pOH

pH =14.00 — 11.18 =2.82

[H*] = antilog (—pH)

[H*] = antilog (—2.82) = 1.5x103M

[C3H;COO] = [HY] = 1.5x103M

[CsH,COOH] = 0.150M — 1.5x103M = 0.149M
_ [H'][C,H,COOT] (1.5x107)(1.5x107)

* [C,H,COOH] (0.149)
K =1.5x107

32. Challenge Calculate the X, of a 0.0091M

solution of an unknown acid (HX) having
a pOH of 11.32. Use Table 4 to identify
the acid.

pH = 14.00 — pH

pH=14.00 —11.32 = 2.68

[H*] = antilog (—pH)

[H*] = antilog (—2.68) =2.1x103M
[X] = [HY] =2.1x10°M

[HX] = 0.0091 — 0.0021 = 0.0070M

K - 0.0021)0.0021)

=6.3x10~"
. (0.0070)

The acid could be hydrofluoric acid (HF).

Calculate K, from pH Formic acid is used to process latex tapped from rubber
trees into natural rubber. The pH of a 0.100M solution of formic acid (HCOOH) is

2.38. What is K, for HCOOH?

Measuring pH

Figure 16 The approximate pH of a
solution can be obtained by wetting
a piece of pH paper with the solution
: and comparing the color of the wet
paper with a set of standard colors
as shown in a. The portable pH
meter in b, which is being used to

¥ measure the pH of rain water,
provides a more accurate measure-
ment in the form of a digital display
of the pH.

Perhaps you have used indicator paper to measure the pH of a solution. When a strip of
pH paper is dipped into an acidic or basic solution, the color of the paper changes. The
new color is compared with standard pH colors on a chart, as shown in Figure 16a. The
pH meter in Figure 16b provides a more accurate measure of pH. When electrodes are
placed in a solution, the meter gives a direct analog or digital readout of pH.
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25 | CHM.5.3.04.004.01 Define neutralization reaction while writing the neutralization equation (Complete ionic and net ionic equations)

CHM.5.3.04.004.02 Define titration, and titrant
26
CHM.5.3.04.004.03 Explain how to carry out an acid-base litration

27 | CHM.5.3.04.004.04 Explain the difference between the equivalence point and the end point of titration process

CHM.5.3.04.009.02 Describe the titration curve of a weak acid with a strong base with respect to type of salt formed, pH and nature of
28
solution at equivalence point, indicator used and its color change and volume of titrant needed for changing color of indicator

CHM.5.3.04.009.02 Describe the titration curve of a weak acid with a strong base with respect to type of salt formed, pH and nature of
29
solution at equivalence point, indicator used and its color change and volume of titrant needed for changing color of indicator

30 |CHM.5.3.04.004.06 Calculate the molarity (concentration) and volume of a solution using titration data

A 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 cation(+ion) from a base
and an anion (- ion) from an acid.
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e - Figure 18 A hydronium ion transfers a
e : — g | hydrogen ion to a hydroxide ion. The
loss of the hydrogen ion by H 0"

results in a water molecule. The gain

H30*(aq) OH—(aq) 2H-0() F:! a hydrogen ion by OH™ also results
in a water molecule.

When writing neutralization equations, you must know whether all of the reactants and
products in the solution exist as molecules or as formula units. For example, examine
the formula equation and complete ionic equation for the reaction between hydro-
chloric acid and sodium hydroxide.

HCl(aq) + NaOH(aq) — NaCl(aq) + H.O()

Because HCl is a strong acid, NaOH a strong base, and NaCl a soluble salt, all three
compounds exist as ions in an aqueous solution.

H*(aq) + Cl (aq) + Na*(aq) + OH (aq) — Na*(aq) + Cl (aq) + H,O(l)

The chloride ion and the sodium ion appear on both sides of the equation, so they are
spectator ions. They can be eliminated to obtain the net ionic equation for the neutral-
ization of a strong acid by a strong base.

H*(aq) + OH-(aq) — H,O())

Recall that in an aqueous solution, a H™ ion exists as a H,0™ ion, so the net ionic
equation for an acid-base neutralization reaction is

H.O*(aq) + OH (aq) — 2H.O(l).

This neutralization reaction is illustrated in Figure 18.

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

H30%(aq) + OH (aq) — 2H,0(]).

= 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 -i;""'_"“x -
water Tolecule‘ The‘galn of a hydrogen ion 4 g o
by OH™ also results in @ water molecule.

H;0%(aq) OH=(aq) 2H,0(1)
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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 add by
a base, the pH meter measures the pH of
the acid soluticn in the beaker as a solution
of a base wilh a known concentration is

added from the buret.

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

Let’s Watch a S
video

¢ Unknown

concentration

» ~ 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.

3. Measured volumes of the standard solution are added slowly to the beaker. The pH is
read after each addition. This process continues until the reaction reaches the equivalence
point, the point at which moles of H* ions from the acid equal moles of OH~ ions from the
base.
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Acid-Base Titrations
— burette
titrant (acid or base)
» known concentration

* known volume

analyte (acid or base)
« unknown concentration -. hfﬂ
* known volume & @#——"f pH meter
-
50.0 mL 0.100M HCI Titrated 50.00 mL 0.1000M HCOOH Titrated |
with 0.100M NaOH with 0.1000M NaOH j
14 : 14 S S S P S S S |
12 ......... | : 1 | 12 [ A= —t _/C_ —;
wo— ! ! 1 1 1§43 | 1 1 I |

"

Equivalence point
I q p J/

a g s o o g
{Equivalence point [ f s
__,..—"
al T T a4l
2 2
0 0 ;
0 10 20 30 40 650 0 70 (0] 10 20 30 40 50 60 70 |
Volume NaOH added (mL_} Volume NaOH added (mL}

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 OH™ ions of the base.
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50.0 mL 0.100M HCl Titrated base.
" i The initial pH of the 0.100M HCl is 1.00

As NaOH is added, the acid is neutralized,
2 7 and the solution’s pH increases gradually.
But, when nearly all the H* ions from the
acid have been used up, the pH increases
8 dramatically with the addition of an

_ exceedingly small volume of NaOH. Abrupt
6 ——— ]’ increase in pH occurs at the equivalence

—-‘\
L]

Equivalence
point point of the titration.
Beyond the equivalence point, the
2 4 addition of more NaOH again results in a
gradual increase in PH
0 10 20 30 40 50 60 70 Bromthymol blue is a good choice for a
Volume NaOH added (mL) titration of a strong acid with a strong base

9 50.00 mL 0.1000M HCOOH Titrated
with 0.1000M NaOH

| * Titration of weak acid (PH 3.5) with

i Strong base

| * The equivalence point for the
titration of Methanoic acid (a weak

A
8 équwgmg/ acid) with sodium hydroxide (a
= 1 point p strong base) lies between pH 8 and
T L= 1] pHS
4 | * Phenolphthalein changes color at
the equivalence point of a titration

of a weak acid with a strong base

|
|
|

0 10 20 30 40 50 60 70
Volume NaOH added (mL)
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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?

* the buffer capacity

* the titration point

© the equivalence point CORRECT

* the turning point

o I he equivalence points or difterent
titrations

At the equivalence point of:
e a weak acid-strong base titration, the pH is greater than 7 (pH > 7)
e aweak base-strong acid titration, the pH is less than 7 (pH < 7)

* A Strong acid-strong base titration, the pH =7
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“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.

This is not the case, however. Some titrations have equivalence points at pH values less
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).

Equivalence point: which is the point at which moles of H* ion from the acid equal moles
of OH-ion from the base.

End point: The point at which the indicator used in a titration changes color.

Select the CORRECT answer to complete the sentence.

The titration process is a method used to

determine the concentration determine the volume of a
of a solution known titrant

measure pH of an acidic or perform acid-base

basic solution neutralization reactions

How can we know that we reached
the equivalence point?

By using an indicator that will
change color at the equivalence
point
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Chemists often use a chemical dye to detect the equivalence point of an acid-base
titration.

Chemical dyes whose colors are affected by acidic and basic solutions (or simply pH)
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.

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14
S Crystal violet
| I Cresol red
L ——— "N Thymol blue

(N Bromphenol blue
e Methyl orange
Jmm Bromcresol green
Methyl red
" Bromcresol purple
. A\ lizarin
s Bromthymol blue
e Phenol red
Phenolphthalein
" Thymolphthalein
S Alizarin yellow GG
O — T T Universal indicator

_ Choosing the right indicator is important. The indicator must

color at the equivalence point of the titration which is not always at pH 7.
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The buret contains the standard The standard solution is added slowly to  The end point of the titration is marked

solution (0.1000M NaOH), and the the acid solution. The phenolphthalein by a permanent, but very light, pink
flask contains 25.00 mL HCOOH indicator turns pink, but the color color. A careful reading of the buret
solution along with a small amount of disappears upon mixing, until the end reveals that 18.28 mL 0.1000M NaOH
phenolphthalein indicator. point is reached. has been added.

ndicators and titration end point

Aany indicators used for titration are weak acids. Each has its own particular pH or pH
anges over which it changes color. The point at which the indicator used in a titration
hanges color is called the end point of the titration. It is important to choose an indicator
or a titration that will change color at the equivalence point of the titration. Remember
hat the role of the indicator is to indicate to you, by means of a color change, that just
nough of the titrating solution has been added to neutralize the unknown solution.
igure 23 describes the titration of an unknown solution of methanoic acid (HCOOH)
vith 0.1000M NaOH.

Calculating Molarity

The balanced equation for a titration reaction is the key to calculating
the unknown molarity. For example, sulfuric acid is titrated with sodium
hydroxide according to this equation.

H,S04(aq) + 2NaOH(aq) — NasS04(aq) + 2H,0(I)

1. Calculate the moles of NaOH in the standard from the titration data:
molarity of the base (Mg) and the volume of the base (V).

(Mg) (Vg) = (mol/L)(L) = mol NaOH in standard

2. From the equation, you know that the mole ratio of NaOH to H,SO, is

2:1. Two moles of NaOH are required to neutralize 1 mol of H,SO 4.
1 mol HQSO4

2 mol NaOH
3. M, represents the molarity of the acid and V, represents the volume of

mol H,S0, titrated = mol NaOH in standard x

mol H,S0, titrated

the acid in liters. My =

Va

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
KHAWANEEJ COMPLEX. THE MATERIAL IS JUST INTENDED

FOR TRAINING




School Branch 1

School Cluster 2.4
Zayed Ed. Complex -

Al Khawaneej C1,C2 & C3

balid g A 31559
MINISTRY OF EDUCATION

Jo¥! oyl gl
4.2 gt Gl

il 931 - aladll )5 pazea
A g aslidl g Jo¥laalell

Molarity from Titration Data A volume of 18.28 mL of a standard solution of Solving Algebraic
0.1000M NaOH was required to neutralize 25.00 mL of a solution of methanoic acid Equations
(HCOOH). What is the molarity of the methanoic acid solution? pages 954-955

Kl 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.

Known Unknown
V4 = 25.00 mL HCOOH Mg = ? mol/L

Vg = 18.28 mL NaOH
M: = 0.1000M

Molarity from Titration Data 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?

El Analyze the Problem

Equations

Solving Algebraic
pages 954-955

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.

Known Unknown
V4 = 25.00 mL HCOOH My =72 mol/L

Va = 18.28 mL NaOH
Mg = 0.1000M

B Solve for the Unknown

Write the balanced formula equation for the neutralization reaction.
HCOOH(aqg) + NaOH(aq) — HCOONa(aqg) + H,0(0)

1 mol NaOH neutralizes 1 mol HCOOH.

1L
1000 mL

Va = 18.28 mL x = 001828 L

Calculate moles of NaOH.
Mol NaOH = (Mz)(Vg)

Mol NaOH = (0.1000 mol/L)(0.01828 L)
= 1.828 x 10—2 mol NaOH
Calculate moles of HCOOH.
_3 1 mol HCOOH
1.828 x 10— mol NaOH x 1 mol NaOH
= 1.828 x 10~2 mol HCOOH

Calculate the molarity of HCOOH.

1.828 x 10~° mol HCOOH = (Ms)(Va)

M. — 1828 x 103 mol HCOOH
A~ Va

L it ...
Va = 25.00 mL x e 0.02500 L HCOOH

Ma — 1828 x 10~* mol HCOOH
A= 0.02500 L HCOOH

=7.312 x 1072 mol/L

Write the acld to base mole relatlonship.

Convert volume of base from mL to L

Apply the relationship between moles of base,
maolarity of base, and volume of hase.

Substitute Mg = 0.1000M and Vp = 0.01828 L.

Apply the stolchiometric relationship.

Apply the relationship between moles ol aclds,
molarity of acld, and volume of acid.

Solve for Ma.

Comverl volume of acld from mL to L

Substiute Vi = 0.02500 L
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B Solve for the Unknown
Write the balanced formula equation for the neutralization reaction.
HCOOH(aq) + NaOH(aq) — HCOONaf(aq) + H,0()
1 mol NaOH neutralizes 1 mol HCOOH. Write the acid to base mole relationship.
Va= 1828 mL x 10[:DLmL = 0.01828 L Convert volume of base from mL to L.
Calculate moles of NaOH.
X Apply the relationship between moles of base,
Mol NaOH = (Mg)(Vp) molarity of base, and volume of base.
Mol NaOH = (0.1000 mol/L)(0.01828 L) Substiute Mg = 0.1000M and Vg = 0.01828 L.

= 1.828 x 10— mol NaOH

Calculate moles of HCOOH.
_3 1 mol HCOOH
1.828 x 10— mol NaOH x I mol NaOH
= 1.828 x 10~2 mol HCOOH

Apply the stoichiometric relationship.

Calculate the molarity of HCOOH.

—3 “ Apply the relatlonship between moles of acids,
1828 x 107> mol HCOOH = (Ma)(Vi) molarity of acld, and volume of acld.

8
Mj, = 1.828 x 10 mol HCOOH

Va Solve for Mj.
Va = 25.00 mL x 102!0Lm1 = 0.02500 L HCOOH Convert volume of acld from mL to L.
_ 1828 x 10~* mol HCOOH _ -2 =
My = 0.02500 L HCOOH =7.312 x 107 mol/L Substiute V4= 0.02500 L.

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?

What is the concentration of a household ammonia cleaning solution if 49.90 mL of
0.5900M HClI is required to neutralize 25.00 mL of the solution?

Challenge How many milliliters of 0.500M NaOH would neutralize 25.00 mL of 0.100M H3PO,?
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PRACTICE Problems

ADDITIONAL PRACTICE

41, 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?

42, What is the concentration of a household ammonia cleaning solution if 49,90 mL of 0.5900M HCI is required to
neutralize 25.00 mL of the solution?

43. CHALLENGE How many milliliters of 0.500M NaOH would neutralize 25.00 mL of 0.100M H,PO,4?

41, What is the molarity of a nitric acid solution if
43.33 mL 0.1000M KOH solution 1s needed to
neutralize 20.00 mL of the acid solution?

HNO; + KOH — KNO; + H; O
1L 0.1000 mol KOH 43. Challenge How many milliliters of 0.500M Na

43.33 L KOH x 1000mL 1L KOH would neutralize 25.00 mL of 0.100M H;PO4?
=4333x10°7 mol KOH 3NaOH+H,PO, —»Na PO, +3H,0

- 1 mol HN'O_,' 3 4 3 4 2
SR mol KO8y — ey o - - F100 mol HPO, 3 mol H'

L = x

=4.333x10~ mol HNO, ? 1L 1 mol H,PO,

4.333x10™ mol HNO, —_—_— 1L
Favo, = TRATENS x25.00 mLx—— X = 0.00750 mol

0.02000 L HNO, 1000 mL
42, What 1s the concentration of a household ammoniz mol H =mol OH™ =0.00750 mol
cleaning solution 1f 49.90 mL of 0.5900M HCl 1s
required to neutralize 25.00 mL of the solution? Laon) My, 05) = 0.00750 mol
HCl+NH; — NH* +CI” 0.00750 mol
T Trror) = 0500 oty ~ V15T
- 000wl
1000 mL

=2.944x10" mol HC1 0.0150 litﬂ'xT =15.0 ml NaOH

3 1 mol NH,
2.944x10” mol HClx——

1 mol HCI

= 2.944x10~" mol NH,

_ 2.94x10™" mol NH,
' 0.02500 L. NH_

M, =1.178M
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