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CHM.5.4.02.006.03 Caleulate the equilibrium concentration given the value of the equilibrium constant and equilibrium concentration of
reactants and products

Textbook + Example problem 4+ Practice Problems

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

Textbook + Example problerm 4+ Practice Problems
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. At a temperature of 1405 K, hydrogen sulfide o Oyl 2555€ Jla 1450 K 5)la 4550 e
decomposes to form hydrogen and diatomic M-, (i S e Sy g Jb
sulfur. The equilibrium constant for the reaction is K(Z S8 ) Saagragl e 3Sa L
~ ad - - - 5
777 x10°° < : o
2.27 x10™. Cp{\zzy JS,] = 0.0540 mol / L
i 7 L -5 e

Whalt is the concenltration of hydrogen gas if [H,S] - 0.184 mol / L
%__—'-—""‘-\

[S;] = 0.0540 molq,} and [H;S] = 0.184 mol/L?
- [:- S «-\_F—\ i/ \A'. ‘-\-”\4

X
g :
2. W 2O "\2' = T
5 EO .05 H JL ) .//ACSE.O.W? m@L
e A AT Bl __— —
@.1@11 B — 0.0540 mol/L

C - 0.0785 mol/L

: A w ¥ 2N
[.P‘ s -0 ’0’7’? )’\ D - 0.0945 mol/L




Coverage-EoT3-G11-ADV -P2-INSPIRE 25-26

' The next reaction reaches equilibrnium at 900 K dxj e SN dla ) Jeay 41‘.'.2'» Je il

and Keq is 8.2 x 107°. If the equilibrium 3815 oS 13 8.2x 1077 (55l Keg 5 Q00KS)! s
S

concentrations of CO and Cl; are 0.150M, what J GV 585 W8 (0.150M a Cly 4 CO J oY)

is the equilibrium concentration of COCI,?

s C(o‘) L C\Q
(CoCV2 S
g-?x;; 2 _ ((A5) (018

—. COCl,! ) = CO(g) + Cl,(g)
[(o(l'zx v 9 ¢

}‘co] =

Ccol=[cl ) =0 ‘Q/'\s-cocu:

v

CCOC\,,:X =

A-3.50 M
| N\ ==
[(oC\fL) = 0'2-7?-1‘\/"\ B-227M
| C-1.82M i

D-0.274 M

27
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Ammonia is produced according to the equalion,
Na(g) + 3H:(g) = 2NH;(9),
Al a cerlain lemperalure, K,, = 2.0 x107™ for the equilibrium.

Whal is the [NH;] in an equilibrium mixture containing 2.00 mol/L

N, and 4.00 mol/L H,?

dlilaadl Cain '.FL':}JJ" ==
N»(g) + 3H:(9) = 2INH,(g)

.2.[]' ""l"-l‘ H:;JI—L K,;._q iL.d:-in-..l-.S I:J_._‘i T i}lrp.. ;"-FJ-': S

N, e 2_,[111 mollL Jte ssas St Lida 4 [NH,] S5 L
L_ﬂz 1 = 2/“ TH; 5 4.00 mol/L ,

r“"‘l—_

C 3\ =4 M

e LIS

3.58 M

0.03 M
0.07 M




At 350°C k., = 1.67 x 102 :for the reversible reaction

| | 2Hlg) = Hyg) * log) |
What is the concentration of HI at equilibrium if [H,] is 2.44 x 103 M and [I,] is
7.18 x 10° M

Coverage

A.3.24 x 10> M
B.1.05x10° M

C.3.99x 10°M
D175 %IDTM
The reaction below reaches equilibrium at da joaie o) 3V Al sl Jeladll Jay
given temperature when K., = 0.213 . if the S I3 LK, =0.213 Ledie disma 3 )l g
equilibrium concertation of [N,0,] =0.0185 | ¢!3¥l xe [N,O,] =0.0185 mol/L S5
mol/L . what is the concentration of [NO,] ? [NO,]JJ OV ¥ 3 5 la ¢
A. 0.087
B. 0.0628
C.0.213

D. 0.004
VOU VIcC
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. =t [ s PR - -
The reaction 2SO, + Oy = 2505, reaches s ) dusy 250, + Ozq) = 25059 Jelitl
equilibrium. If the equilibrium concentralions are: e SUAY) aie LAl Sals BB iy

[SO;] = 0.0170 mol / L

[0,] =0.0230 mol /L 5 [SO,] =0.0170 mol / L
[O:]- 0.0230 mol / L

4.32 s Jelall 1igl Ko olaY) cully
Keq is 4.32
What is the equilibrium concentration of SO, in mol / L fmol [ L 5aag SO3 1 GV 585 L
(1.6850
0.0411
0.00536

0.9970
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3 ‘CHM.B.&.DE.DD?. 02 Write the solubility equilibrium expression for a given reaction equilibrium

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

‘ 5 CHM.5.4.02.011.03 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
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o —

' The Solublllty 40} Product Constant u-ﬂa ‘U\M Jala K
» Some ionic compounds dissolve readily in water, and some barely dissolve at all.

For the sparingly soluble compounds such as BaSO,,

BaSO, = Ba**(aq) + SO,*(aq)

11 Yo N arl - = |9 "" ¢
d ! : . -a. q >
T R © ey ¥ F 0
E- G < - ’ <9
MBI e —— AR LC Y 9. I w-’

H = A ][Ei

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

YOUSEF SARAYRAH 9
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The Solublllty Product Constant

« The solubility product constant expression 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.

* For the sparingly soluble compounds such as BaSO,,
BaSO, = Ba“* (aq) + SO, “(aq)

* The solubility product constant expression Ksp

* K, = [Ba? *][S0,27]

=1.1x 1010
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S X =
yr

Solubility Product Constants at 208 K

—

. 'The values in the

Compound |  Ke . compound |  Ke | Compound
table can be used ' ‘
. Carbonates Halides Hydroxides
to determine the
lubil : BaC0; 2.6 x 109 CaF; 35 x 10— Al(OH); 4.6 x 10~
SOlu ) | Ity Ot d CaCo; 34 x 109 PbBr, 6.6 x 105 Ca(OH), 5.0 x 10-6
Sparmgly soluble CuCo; 2.5 x 10-10 Pbcl, 1.7 x 105 Cu(OH), 2.2 x 10-20
compounds. PHCO; 74x 10~ PbF, 33x 10-8  Fe(OH); 4.9 x 10-17
MgCO35 6.8 x 10~© Pbl, 9.8 x 1079 Fe(OH); 28 x10°%
Ag,CO0; 8.5 x 10-12 AgCl 1.8 x 10-10 Mg(OH), 5.6 x 10—12
_ ZnC0; 15 10" AgBr 54 % 107" Zn(0H), 3x 107V
1. Ca|cu|ating Molar Hg,C03 3.6 x 10~V Agl 8.5 x 10~ Sulfates
e e =10
SOlUblllty (S) Chromates Phosphates BaSO, 1.1 <10
BaCr0 1.2 x 1010 AIPO 9.8 x 10-21 Caso 4.9 x 10-5
m0|\l_ 5 i 4 X 4 X
PbCr0, 23x 101 Ca;(P0O,); 21 x 1073 PhSO, 25% 10"

Ag,Cr0, 1.1 x 1072 Mg;3(PO4); 1.0 x 10~ Ag,504 1.2 % 1075
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Example Calculating solubility (s)

determine the solubility of silver iodide (Agl) in mol/L at 298 K. The equilibrium
equation and solubility product constant expression are as follows.
Agly) S Ag g + Fag
K= [Ag'][T] =8.5%107"

The Answer

Given the balanced equation, we find that the number of moles [Ag *] is equal to the number

of [I'] moles so that one can be compensated by x A.By 2 aA +bB
[Ag*][I] = (x) % (x) = x* = 8.5x10"7 ‘ \

x=v8.5 x 1017 = 9.2x10* mol/L
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() W Lol Cully () 4 y¥sall 48Ua 1l pu dsilsll

(AgCT Jis) Dligsil 4015 zMall

K, = & s — /K.,
(M gF Jis) Oligsil 45§ ziadll
I
5 . .
K., 5|[25]* = 45" 3 f —
’ V1

laS 4ia SIK4T 4 Ll st b gl Jas dumin 48 Slliag u_a}a\ S = Sparingly Soluble Salt) kgl &\A—d’a @d\
() At A s ) 3 Rnlie
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Calculate the solubility (s) of silver iodide Agl in mol/L. at 298 K

p=8.5x107"

Agly 2 AT ag + g, U K,

s Cxr

Ksp = [Ag'][I] = 8.5 x 1077

(a+h)
fo O Ky
a? x bb

(1+1) 8.5 x 10—17
- 11 %11

=4/8.5 x 1017 =9.2 x 10~ mol/L
[Ag"] =1(s) = 9.2 x 107 mol/LL

[T7] = 1(s) = 9.2 x 107 mol/L

YOUSEF SARAYRAH

14
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Whal is the value of k,, lor CaF, compound il the Sk CaF; o auJIS) sgglh 400 il 13 CaF, (S5l K, dad La
solubility of calcium fluoride CaF, is 2.1x10™" M of wates 298 ijha dpp e ol 4 2.1x107° M
al 298 K? v 5= b
2+ - = 1“& -
ad 5 T
CaFz , = Cafg +2Fuq ¢ La* Y Le

4.2x10™ 14'5 . [“ ’I‘D]_J:?S]l_
1.8%107" = [5‘)LL[51]

\ W
8.8%10°" Ne o~ Hs Yy

0™ T Yz 0l }

= B




If the K., of calcium hydroxide Ca(OH), is 5.32 x 107 S5l Ca(OH); apedl€ll 1055001 Koy Lad cuilS 1Y)

at 298 K. What is the solubility of calcium hydroxide in

Bangs aaneall€l) a0y jaan Laild Lad . 298 K 22 5.32 x 1076

- mol/L?
¢ mol/L
CE{OH}E[E} — Cﬂzna} T :OH-{E}
3.30 x 108 O
2.80 x 1077 O
1.60 x 1073 O

1.10 x 1072

YOUSEF SARAYRAH
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o e — — —_— — S N

What is the vale of for CaF, compound if the solubility of calcium fluoride CaF, is

2.06 x 104 M at 298K
CaFZ(E} = CaB(aCD + 2F{aq)

A.4.2%10*

B.1.8 x 107

C. 8.8 x 1012

D.3.5x 10

odide (Ag) K,, =8.5x 107
Adl = AQ" @ * | (ag

Determine the solubility of silver iodide (Agl) in mol/L if the the K, value of silver

A.85x10Y

B.9.8 x 10°

C.8.8x1012

D.3.5x 101
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What is the solubility in mol/L of lead bromide PbBr, at 298 K?

If K, = 6.6 107

PbBryg 7= Pb™ g + 2Br s

0.024
0.018

0.030

0.012

H(mol/L i) 298 K 2o PBBry Lwolajll sy dila b

Ky = 6.6 <1078 i€ 13
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The small value of KHP for Ba50), indicates that products are not favored at equilibrium.
The concentration of barium ions at equilibrium is only 1.0 X 107°M, and a patient,
such as the one shown in Figure 17, can safely ingest a barium sulfate solution.

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.
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LY JLols cubi (Kg,)
Solubility product constant (K;,)

el iy GHRT s Al Cligalll 5aShT cpa sl ias cadleasd Cnl
Aigjgadl ailaloal Te gapn priiall alalen  ob ylig il
A chemical constant representing the product of ion concantrations
fram a sparingly soluble compound’s dissociation in its ssturated

Soiution, raised ta thedr stochiometne cosflicients

ol Mgl el o300 Lol {8) &y ¥aalt Al ill Al K, uey XY
K, expression in terms of molar solubility (s} for a tri-ionic salt M g F
or XY,

Ke;: =4 SH

potiaallll 1S ey alal Ky, yuss AI(OH ),
K., expression for aluminum hydroxide Al(OH ),

-I-I‘:qu - '.:d.l.fl f :[(jH ].'l

sl p3Uif lall (8) & yVgall duibisill Ay Koy s
XY
K., expression in terms of molar solubility (s) for a

binary salt XY

¥

(U = 10 ™) i als CulitTas Busedl daill e |31s

) What an extremely smafl solubility product constam value means
R =104

drwyia b7 il abimag ol il pumag dlall SEaTl Cama plall ] s

It meaans the salt bas minimal dissociation and is spaningly solublea, with

Jmost of it remaining chemically precipitatad
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q_'\.:uﬂg. _;.,;.T_-d g at] _:-\j ,\_;_-\_ ._|_'L=5 :,l"-'].l!l.{.lll_: :=37:_:\_|| ;l-;l_,j F.'.JL'LA_I_'-'!_'Ii;l
Tdalw (Ba” ) gaijul Iiligal o g dmailil
Why is bariurm sulfate {BaS (), ) used as a confrast agent in Gl radialogy even

Tthough barium ions (Ba® ' ) are toxic

ool Bl pibigd o 1 31 Ailiass dlgo a5 Basall o U
Because the stomach secretes chemicals that safely increase its
solubility

3880 e aPSN 18 Ry AT puy g di Lgall,
Because it dissolves rapidly and is immediately excreted by the
Kidneys.

ALl i lgles las Fix Sbdnia Ig) (Kl ) 21511 Jols Cull aus U
JENES | BOUS ARSI

Because its solubility product constant iﬂ'ﬁ..) i= extremely ow,
.making it virtualty insolubie in the body

4y gl Azl Ahalgs lguolaisl gias alleil K, 3o U,
Because its high I'i.',:., value prevents its absorption by vital tissues.

e

2. Which of the following represents the correct solubility product constant iffﬂ._]

expression for the equilibriurn of barium sulfate i water:
BaS(h(s) = Ba " (aq) —Sf}!]mq]?

: . Ba™'||S€r,
. 'ﬁ"’r'-' - Bas50h
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1 Jisdhedia K, daus Alies g sill aoses (BaSTL) gt gl Slin o8 als 8 1]

Tdsl=adl a2 & HBa® il 335,30 Fuail I ELS s Bibes . :
= o . = -F-I_-FJ - - & "-:Lnill ol .{'I._I:. _..nJ.::l_Ln.L;J..d:
If barium sulfate (BaS{) ) is sparingly soluble and has a very low i, value, i -
) ) . ) I, What does the symbol K, represent inchemistry?
whiat does this mean for the concentration of free Bo” " ons in solution?

i gl yala=Ui aley Juls

L el Fnlucll Jaliqalll | fgun g ming bas Jis Ladsis Sligall 18,5 ;5%
) Dissociation constant for strong acids

sl 1513 Epubhs Silgiun
The ion concentration is extremely low, preventing toxic ions from
reaching dangerous levels inside the body o g Al Ascrzeds JoleS pall @3N Ln s Juals

Solubifity product constant for sparingly soiuble compounds

The ion concentration is very high. increasing its reaction speed z. woibarSll lelanll G Jass,
with body cells The rate of a chemical reaction.
z. aalllgless vic Sligall pSyi LIEY jhaluwl K, daid y@i, ). g dl] Eejlil Bylymll d243

The H,;, value changes constantly to reduce ion concentration
upan entering the blood.

JThe temperature reguired for dissolution

I

bl g olininll v alin ] ala M G195 Ty g luns l\;'Ll-j__IL!: A Aoy
The ion concentration becomes equal to the mass of the remaining

undissolved solid salt
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. tMgF saieyisall ajsls palel asl3i faols Culil pemeall il Jiay oali Las o Z
Jetiiall il I il g b Oilisal 5 o] el Clag { PO |y paeeadlSll Siloings ple 4 ) - ’ ) -
e o g Which of tha following represents the correct solubdity product expression for
Gl Koy dosnl
. . : . i . 7 '
Calcium phosphate Ly [ POY b dissociates into 5 ions. What is the complete MM gk

TH,, mathematical expression for its

. = S .F'L:r.. ___-'L.Iry'__ F i
K, = [3Ca"*|[2P0;] .

- ' s wry - A= || F |
K,y = [Ca* PP [POSE - Ko ="nrr - ~

K., = [Ca®t][PO%,] = K, = [Mg*|[F-] 2

K = [Ca*t PO IF -

T

K, = [Mg®[F-] -
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2racdl il g las AN CVH ) .i:_-'_LLn_:|.|:I. Aoy g AN mueseds plall Ll 1503 A
Gal Ko sl dusls Suld)
If we have the sparingly soluble salt aluminum hydroxide Al O H ), what isits

fcorrect K, expression
K,, = [A][OH]
K, = [APPOH] .

K, = [APY|[30H] =

K, = [AF]|joH ]




CHM.5.3.04.001.01 List six general properties of aqueous acids (taste, color of indicators, reaction with metals, metal carbonates and

bases, and electrical conductivity )

0

8> 0°PROPERTIES OF ACIDS*) % |

PHYSICAL PROPERTIES

TASTE SOUR o 40 9 Aqueous solutions

~ conduct electricity

...........

@ Reactions with @ Reaction with Metals @ Reaction with
Litmus Paper  yiagnesium  Zinc Metal Carbonates

(Mg (@n)

. Splint

T Identifying

Turning blue lll] Dig:ir:eoges O
litmus paper S—— 23

red Hydrogen gas Hydrogen gas Turnsc'!(imater I

E' Teacher’s Tip Experimentally identifying H, and CO, gyses is crucial for the PISA test. O

Physical Properties | aub uall jailazll ]

el s ialed gl F3U0 gliay o lamll 3005 * Taste Sour | sl Glial
Acids have a sour or tangy taste, like lemans

:Conductivity | wilpasSi Juogill
(a3S,mdl By HT Sl wale aing lgill) clgill dlnge olazill 38kall [lnall

Agueous solutions of acids conduct electricity (due to free-moving H~ ions)

Chemical Properties | dulas]l jailia=l 2
:?a) Reactions with Litmus Paper | petadill 3Uc g3 &o Joiail t'i
yasll g ol G puadal slic &g Gat plasll s
Acids turn biue fitmus paper red
:2b) Reaction with Metals | g3 sall Ba Jelaill (o
ez gl S8 Y (Zn) dliflg (M g) pgmuitiall ia 5les go Slaslil olés
Acids react with metals like Magnesium { M g) and Zinc (Z'n) to produce hydrogen gas

a4 aie (Mgy”) ARdyd Digen Jazgyaupll i Jasd (Splint test | dleidaal ddhal Ui
i Aluiin AR

.Hydrogen gas creates a "POP!" sound during & burming spiint test
:2c) Reaction with Metal Carbonates | 2l=all Cilig1yS &o Jelaill (g
sl _|_|.u.|ﬁ| ol L gLl [ Coligr 5l @hd) pora SN Diligs S mo I_,.:-L:.Jr.ill Joian

Acids react with Calcium Carbonate {{CaC'(k | Carbonate chips) to release carbon
dioxide gas
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:‘_.“ + Li"?li“i é mcﬂ@ + H@@@

(W
_detection

; B i ;055
(ZnCly,) dﬂ.Dj.n.l Jaidu guogjaugll
O—@~ ZnCly) clijll aujgls ldslins Glaleoll dijlgo o 240G :plooll asuni ‘
yousef sarayrah Jo¥teVay]

Zinc (Zn)
granules

(Carbonate // _‘:‘ Geology Test

chips)

limewater
clou_d_y_

YLy il

o8l I

O

YOUSEF SARYRAH 26
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(LSl duasill = edlelds — Gualal) = Casl&ll e Wl = 3l )aelsilly (aleal) dillas patlad ey 55

Which of the following are properties of basic solutions? Sauacldll Jillaal) pailad (e (sl Laa gl

E
&

Taste sour eNawlY O A

Cause blue litmus paper to turn red a1 Olll ) )5 el gL §)g Joad O B

React with zinc to produce hydrogen gas g all jle &Y Gua)all ae Jelin O C

Taste bitter and feel slippery ouldll dahy @l 35 ) D
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(S0 Juogtl) — g3 — ol — Ao o ol

What property does the experiment describe
in the picture below?

A il gial 41“ aualall L
Salial 3‘)5“:]\ gs

Taste sour

Change in the colour of litmus paper

The ability to conduct electricity

Feel slippery

aalall skl O A
sdigscnoddss O B
Hend et O C

spes Q D




& HCI(aq) é‘fJ}SJJJ:‘GJ‘ vaea Jeldhy Laie -
zinc metal Zn,) , the formed gasiis ....cccveivaces Licuinienins o8 GeSiall Sl ¢ Znggy pma Al 5l

‘ ) “ When hydrochloric acid HClq reacts with

hydrogen e g gl O A
nitrogen s O B
carbon dioxide OsS) awsl B O C

carbon monoxide sl asidd O D
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Which of the following chemical reactions represents the reaction geologist S,
use to detect limestone?

NaHCO, + CH,COOH CH,COONa + CO, +H,O A
Zn + 2HCl —— ZnCl, + H, B
CaCO,; + 2HCI — . CaCl, + CO, +H,0 C
Cu_+ 4HNO, - Cu(NO.), + 2H,0 + 2NO, D T
ol

Which of the following chemical equations represents the reaction of acids with met

NaHCO, + CH,COOH CH,COONa + CO, +H,O A
Zn + 2HCI 7ZnCl, + H, B

Na,CO; + 2HCI 2NaCl + CO, +H,O C

Cu + 4HNO, Cu(NO;), + 2H,0 + 2NO, D
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Which of the following is a property of

basic solutions?

React with metal carbonates to produce carbon
dioxide (CO,) gas
React with metals like zinc to produce hydrogen

gas

Taste bitter and feel slippery

Taste sour

faclill Jllaa paibad e ol Las g

OsSll sl 56 e zlny hlal clig S aa Jeli

(CO,)

Crasugll e 20 Cpeaylall o SN a0 Jelin

osalall i)y 33 B30

Litmus paper is blue when
the H* concentration in the solution is

equals OH" concentration

equals zero

less than OH" concentration

more than OH" concentration

055 Ledie (3,5) Geadll gL A3 55 o )
...................................... el H* 58

VL

{

| b
)
=

or-sksesa O | A
S (5 sust O B

oHsse8 O C

oH s D




CHM. . 3.03.001.03

lons)

l

Acidic solution

Neutral solution

'

l

Contains more
hydrogen ions (H*)
than hydroxide ions
(OH").

[H*] > [OH]

Contains equal
concentrations of
hydrogen ions
(H*) and
hydroxide ions
(OH").

Basic solution

Contains more
hydroxide ions (OH-
) than hydrogen
ions (H™).

[OH] > [H"]

[H*] = [OH]
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Which of the following is correct? T __;.L- Les 5]
In basic solulion [H] > [OH] HT > [OH] O peld Jaladd 2 O
In neutral solution [H'] > [OH7] H] > [OH] S Ll dslaall 2 O
In acidic solution [H7] = [OH] H] > [OH] (% aealdl dglaall A G

In acidic solulion [H] < [OHT] H] = [OH] O cmead Jalaed 2 O
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The figure below describes the change in the

gl g amg gl Cilisl 3855 5t olial JSAN Cauaay

concentration of hydrogen ions and hydroxide ions with % ga‘i-* o bkl

a change in the type of solution. Which of the following is correct?

| 1 2 3
H*
OH~
1 is a basic solution Gelivisa Bl O A
2 is a basic solution teliViadiw2 O B
3 is an acidic solution Uiaea Y slae Jiay 3 O|C

1 is an acidic solution Gnea ¥ slae oy 1 O D
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'\t ;
v~ X |and space-filing models)

amphoteric. substances that can act as both acids and bases

Amphiprotic — a substance that is capable of acting as
an acid or a base e.g. H,0, HCO;-, HSO,".

G-H 4 O — &+ [H—O—H|
H H

Acid Base

NH;(aq) + H,0(I) == NH,"(aq) + OH (aq)
Base Acid




a2 AW . W, A s YA ¢ 4 W = [y & i)
CHM.5.3.04.001 .08 Define acids and bases according to Brensted-Lowry theory, indicating the acid, base, conjugate acid, conjugate base

and conjugate acid-base pairs, when chemical equations, formula or space-filling models are given

Acids Bases Conjugate acid Conjugate base | Conjugate acid-base pair
Defini | Hydrogen ion Hydrogen The species The species Consists of two
tion (H+) donor ion (H+) produced when a | produced when an | substances related to
acceptor base accepts a acid donates a each other by the
hydrogen ion hydrogen ion donating and accepting
of a single hydrogen ion

| v
| v -
HX(aq) + H,O(1) = H;O +(aq) + X (aq) HF(aq) + H,O(l) = H30%(aq) + F~(aq)
Acid Base Conjugate Conjugate Acid Base Conjugate Conjugate
acid base acid base
3 A

ousef saryrah



A \ ™= ]

In the reaction equation below, which of the following Sranaa b Laa (gl ool Adladll Jelis b

R HX(aq) + HO(l) = H30*(aq) + X~ (aq)
a.
HX is a Bronsted-Lowry base G - Xy acl 8 (a HX ydiag

H,0O is a Bronsted-Lowry acid caol = By s kel i HHO) 53

HX donates a hydrogen ion to water H,O Ho0 elall a5 50 ol HX o

HX accepts a hydrogen ion from water H,O H0 slall e (a5 3308 s HX Jiiony
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) Which of the following statements describes the following equation?

d.

a. H;O is the Bronsted-Lowry base

. NH; is a proton acceptor

P\FHS[nq_) + HZO[I] T—’ NI_'I-1-+{_aq_) + OH_(nq_]

) Which of the following statements is true for the reaction?

. NH: represents Arrhenius acid HClmm + H.O0p, 2 H30+.[;..;U + C]_(aq:

a. HCl is Brensted-Lowry acid

NH; represents Bronsted-Lowry acid s
g : b. HCl is the Bronsted-Lowry base

}) What are the conjugate pairs in the reaction? HF g + H:2 O 2 H3:O (g + F g

]

. H20 is a proton donor
a. (HF, H,0), (F~, H:O")

b. (HF, F), (ILO, TI,0%) d. HCl is a proton acceptor
¢. (H:0", ), (H:0, HF) ) What equation is H20 as a hydrogen ion donor?
d. (H;0, F), (HF, H:0")

. IIIqa:[] + II](.}[]} > II:’G(}_I::HLI + I_{:it;]

I What are the conjugate pairs in the reaction? NHiug + H200 2 NHi' g + OH (g

a. (NIL*, T1,O). (OH-, NHs) b. HSO4 (aq) + H:0g — HiO (g + SO (ag)

b. ((')H_’ \HJL {H_‘g(), NHJ) C. IIPO-IE_{.'H]} T I-[l()tlb {_—’ IIB_-(}_[Hq] - - P():I}_t:lr;}
c. (NH;, NHM, (H, O, OH)

_ _ d. CéHsNHyag + H;0g 2 CcHsNHs g + OH g
d. (H.O, NH,"), (NHs:, OH)
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Which of the following is not a conjugate acid- base pair?

HCIO,/Cl0;
HSO03 /S0%"
H,0/0H"
H,0*/OH"

Which of the following is considered a conjugate

acid —base pair?

Q&‘félﬁ&w&t’)w&awg‘

H3;PO,4 , HPO4

HNO; , NOy~

H,0 , 0%

H,S0, , SO,

i‘éilﬁimﬁh}amcjjh}ﬁu*grﬂemgﬁ



C

Which of the following is the conjugate acid INH; 4isall 5aclall (381 pa (aes L les (6
of the weak base NH;?

NH3 O A
NHf O B
NHy O|C

NH; (O D




Monoprotic Acids Diprotic Acids Triprotic Acids

Definition An acid that can donate only one Acids that contain two ionizable  Acids with three hydrogen
hydrogen ion (H*) hydrogen atoms ( 2H* ions (3H")
Examples ¢« HCI HF HCIO, HNO, e H,SO, H,CO, e H;PO, H,BO,
CH,COOH

%,

When a strong mﬂnﬁprutic acid ionizes, it prmiuces H:0O" and the acid's negative iom

i

=

HClwg + H:On — HaOQ'wq + CF g

When a weak monoprotic acid is ionizes, it produces H3O", the negative ion of the
acid, and molecules of the weak acid

H:F[ﬁqz + Hlﬂtlr = HED+{;1r1} + F‘-mqp

ouser saryrah
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When a strong diprotic acid ionizes, it produces H3O" and the acid's negative ion

H>5040q + H2Ogy — H30+{aq1 + HSO4 (1q)
HSO4—lﬂq} + H.Oqp 2 H30+{=lq} + Sof_tnq)

When a weak triprotic acid is ionizes, it produces H3;O", the negative ion of the acid,
and molecules of the weak acid

H:POy.q + H:20n 2 H30 (g + HaPO4 (a9
HPOy g + H O 2 H30' o) + HPOs® (og)
HP042_{:1q} + HIO{]} 2

H30 . + POs (g
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) Which of the following acids is a triprotic acid?
a. CH:COOH b. AI(OH) ¢. H:BO; d. HNO:

) What is the balanced chemical equation for the ionization of CH:CHCOOH

propanoic acid in the water?

a. CH:CH:2COOH g + H2:0p 2 CHaCH:COOH: (g + OH jag
b. CH:CH:COOHy + H:Op 2 CH:CHCOOH g + HaO g
¢. CH:CHCOOHpg + H20p & CH2CH2CO0H g + H3O (ag)

ll. ('H_ang{_'fH-]Hr-_u,. + Hlnl;h : (H}(H}((}ﬁ {ag) + Hf‘-n:l;:tql

-) What is the balanced chemical equation for the second ionization of H:80O, in water?

a. HSOy (aq) T+ H.On & H-EHU-l!.-mI T H.S[J:::uu
b. HSOy g + H200 2 SOy g + 20H g
C. ]I"'If(} l_[-.u'] o = I]_l( "l'l} 4_—.‘ IIEH{)I{;HI] 5 {)[I_{:I:”

'l.l. []h( 14_1a{|| + ]I:{}{Jp ; 5(.}4?_1“1"3 o II](].mq]
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Which of the following acids is an example of a

monoprotic acid?

S0gig ! galal Hass e Wlie day b Las g

Acetic acid (HC,H,0,)

Ol x| >

Sulfuric acid (H,50,)
Phosphoric acid (H,PO,)
Carbonic acid (H,CO,)

(HiPO,) liyginigall aas
(HyC05) g S e

If an acid can donate two ionizable hydrogen ions per

molecule, what is it called?

(3l LB (g yaud (33 e gt passdl O 13|
fade gla 3l

| Monoprotic acid

0939 ! ¢:§.>L>‘|L)c':.o.>

Diprotic acid

09l 3L Haes

.Triprotic acid

Polyprotic acid

Ol 3 pae>

Ogig Al ddia o
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CHM.5.3.04.001.11 Define acids and bases according to Lewis theory

Lewis Acid

Lewis Base

Definition

An electron-pair acceptor

accept (share) an electron pair

An electron-pair donor

An acid is an ion or molecule with a vacant atomic orbital that can A base is an ion or molecule with a lone

electron pair that it can donate (share)

HW:F:'

Lewis acid Lewis base

acceptor donor
electron-pair

:il-;: I-I-I ;]I:'; |.I|
& L i
:_F:—E-—P”r_ ‘N—H tF—B—N—H
| | I |
:F: H :F: H
Lewis acid Lewis base
acceptor donor

electron-pair
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o In the following reaction. Why BF; is considered as ¢msl e BFy i) (3L o I Je i) 3

Lewis's acid?

:]f: lil :iif: 1?
F—-l|3 + :N—H —— :F—B—N—H
| i |
:_F_: H :_F_: H
Because it ionizes to produce hydrogen ions in aqueous solution Al Jladl 8 cua g el cligl 2y ol () A

Because it dissociates to produce hydroxide ions in aqueous solution Ll Jylaall i 1S g gl ciligd Loy ey ay () B

Because it donates an electron pairto  NH, molecule NHg Lisad) eggiad iy i€l g5 i ald () C

Because it accepts an electron pair from NHs molecule NH3 Ui sadl) o3 30 iy S0 ool & D
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F H F: H
| —— I | |
F—B—" N—H F—B—N—H NHi;laq) + H;O(l) = NH Y (aq) + OH (aq)
' | I ' | |
:F: 4 :F H
1 rd

a. the ammonia NH: in reaction

b. the ammmonia NH: in reaction

1

is a Bronsted-Lowry acid

is an electron pair acceptor

c. the ammonia NH; in reaction 1 1s a Lewis base

d. the ammmonia NH: in reaction 1 is a Lewis acid




Why does O represent Lewis's base in the

following reaction?

Because it accepted a proton from S0, S0, e Uggp il e O
Because it donated a pratan ta 50, S0, I By oo LN O
Because it donated a pair of electrens to 50, SO; . waliy BT S laigy caada LY O
Because it accepled a pair of electrons from 50, S0, e ol SN e o) cabind Ly 9]




the following two formulas?

Both are Lewis acids

Both are Arrhenius acids

Both are Arrhenius bases

Both are Lewis bases

T — —-:151:

Coverage-EoT3-G11-ADV -P2-INSPIRE 25-26

2R What is the similarity between

ousl palal Lads O

pesin ) el @ Lads O

o gl e 68 LaaZIS O
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CHM.5.3.04.003.01 Compare between strong and weak acids (using examples, particulate diagrams and ionization equations)

Strong acids 1l Weak acids

Acids that ionize completely Acids that ionize only partially

All the molecules in the solution are ionized completely into _ _
The solution contains molecules and ions

ions (no molecules are |eft)

They produce the maximum number of ions They produce fewer ions
They are good conductors of electricity (bright light) They are poor conductors of electricity (dim ligh)
The ionization equation uses a single arrow (completion) The ionization equation uses a double arrow (equilibrium})

Table 3 lonization Equations

Strong Acids Weak Acids

Name lonization Equaton |  Name | lonization Equations

Hydrochloric HClI — H* + CI Hydrofluoric HF=H*"+F
Hydroiodic | Hl — H* +| | Acetic | HCHO, = H"+ CHO,
Perchloric ‘ HCIO, — H* + CIO, .H'deOSLJITUFIC | HS+=H"+HS
Nitric | HNO. — H* + NO, | Carbonic | H,CO, = H" + HCO

Sulfuric H,50, — H* + HSO, Hypochlorous HCIO = H* + CIO
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Regarding the figure below, which of the following is - _5_4 e , ool JSasy, Oty Led

| correct?

The kght is dim In 1 because CH,COOH Is @ Jaw CH,COOH [ 1 A3 rlad wa 05

a shrong ackd

The light glows beightly in 2 because HCI s HOIL &2 & hbes b o iaid sy

lonizas only panially Zadh e O
The Sght glows brightly in 2 because HO is b e HOE Y 2 2 Gag ~liad sal
a strong acid

The light is dim in 1 because CH;COQCH ionizes CH;COO0H _aas (¥ 1 2 Galy slaadl epin 555

O . 51
completely _ .

s _)_aCa:c
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Why is the glow of lights (1 and 2) different in
the picture below?

v

tolial 3 ) el 3 (251 Joalieadl o aliag 18

A. Because light 1 contains a solution that
produces a laree number of 10ns

B. Because lamp 2 contains a solution of lower
concentration

Y S8 A Jglas 5302 pleadl Y B

C. Because light 1 contains a solution that does
not produce ions

S iy Y Jglae g 1 plaadl Y C

D. Because light 2 contains a solution that
produces a large number of ions

Yl e S 3 215 Jylaa e 2 pleadl 5Y D
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-(..‘flmn e lon 5 . ; 7
0.1 M &l (aas Jglas 0.1 M 585,080 ana Jslaa

0.1 M acetic acid solution 0.1 M hydrochloric acid solution

HCI acid solution is weak conductors of electricity while Lein ¢l yeSl dgaiall s gall 0 HCL iaes Jglaa
the HC,H;0, acid solution is good conductors of electricity ol 5eSl 535l Cdla sall (38 HC,H30, iaea J slas
The HCI acid molecules contained in the solution are Laiy Wi o Jslaall Ly ging A HCI aas Sl 5o ool
ionized partially while the HC,H;0, acid molecules Lelas J glaall Ly ging I HC,H30, (aea <l s ol

contained in the solution are ionized completely

HCI acid solution produces a maximum number of ions Laiyy @i s2¥) (3 230 il HCI iaea Jslae iy
while HC,H;0, acid solution produces fewer ions Jil @ili gl HC,H,0, ass Jslaa e
HCI acid solution produces fewer ions while HC,H;0, iy Ji cligl HCI e Jslae &y

acid solution produces a maximum number of ions Cili ) e e aall HCoH30, (aes Jglaa iy
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v’ Strengths of bases :

Strong bases Table 5 Dissociation

j are the bases that dissociate completely in an aqueous sol Equations for
arg strc?ng electrolytes. | | | Strong Bases

4 dissociate completely into ions when dissolved in water

NaOH(s) - Na*(aq) + OH (aq) NaOH(s) — Na*(aq) + OH~(aq)

Aqueous solutions of strong bases KOH(s) — K*(ag) + OH(aq)

are therefore good conductors of electricity.

RbOH(s) — Rb™*(aq) + OH (aq)
CsOH(s) — Cs*(aqg) + OH(aq)

Ca(OH)4(s) — Ca%*(aq) + 20H(aq)
Ba(OH),(s) — Ba?*(aq) + 20H(aq)
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e -

<
%

Which of the following is true about strong base? ¥y gall saclally (lah Lad s b Las g
Produces greater H* ions in solution Jolaall 3 HY clig o8 8 cla gii O
It is tastes sour e g8l ()
Produces fewer OH™ ions in solution Jslad) ;3 OH™ cligl e Al cluS zad O

It dissociates completely Pl U888 ()
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e 14 ‘EHM.E.E.DLJ.DD&UI Define acid ionization constant, Ka, while writing the ionization constant expression for different weak acids

e Acid ionization constants Ka

is the value of the equilibrium constant expression for the ionization of

a weak acid. a. HCIO,

HClO,(aq) + H,0(l) & H;0%(aq) + ClO, (aqg)

_ [H;0+][CI0,]
2 [HCIO,]

_ [H30*] [NO,"]

=

b. HNO, | [HNO,]
HNO,(aqg) + H,0(l) & H;0%(aq) + NO, (aq)

| The weakest acids have the smallest Ka
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XN
/o 15 |CHM.5.3.04.003.02 Relate the strength of weak acids to the numerical values of Ka

Equilibrium constant, K : provides a quantitative measure of the degree of
ionization of the acid.

The ionization equation and equilibrium constant expression for hydrocyanic acid

are as follows.
HCN(aq) + Hy0(1) == Hi0(aq) + CN~(ag)

_ [Hs0] [CN”] o | Numerator

4 [HCN] [H,0] _‘Denuminatur"

The value of K, is an indication of acid strength.
Stronger acid —p higher [H;07] =) |arger K,

Weaker acid —p [ower % dissociation of HA —p smaller K,

57
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v What is the acid ionization constant of the equation shown Tolidl Admal) Aldlaall (ead) (pld Sl pand La
below?

HIO ) +H,04 = H 0%, +10

_[H1o][H20]
A " [Ha0+]110-]

K

[HIO|

%2 ™ g0 ]

_ [H307107]

% |HIO||H0|

__[Hz0"11071
~ [HI0]
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B What is the weakest acid among the acids Toliaf Jganll b (mlaalVl G (e Cinn¥l (meali Le [

In the table below?

Ka (298 K) acid oasl
6.3 x 1074 HF
6.17 x 10710 HCN
1.75 x 1073 CH3COOH
1.77 10~ HCOOH

HF O A
CHsCOOH (O B

HCN O C

HCOOH (O D
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What is the correct descending order of the acids in olial J gandl (48 3351 gl alaa U paaall (ASUEN Casi il La

——— the table below according to the concentrations of ions flgie JS Jslae b cili gl 381 5 G,
in each solution?
Al sl lonization Const:jmts (K,)
il el g8

H,S 8.9 x 1078
HF 6.3 x 107%
CH;COOH 1.8 x 1075
H,CO; 42 %1077

CH3COOH —_— HF — H2C03 —_— st

HQS —’H2003 » HF > CH3COOH

H,S ——» H,CO3 ——» CH,COOH —» HF

HF —— CH;COOH —— H,CO; — H,S




— e
-
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What is the weakest acid among the acids in the table below?

a. H>S acid K.
-4
b. H:CO3; HF 6.3%x10
H>S 8.9x107®
c. HF ‘
HCN 6.2x1071°
4 HER H,COs | 4.5%107
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(X Which of the following statements is correct according to Cliladly Glady Lagd u&;a*-du‘ b gl
*/ the data in the table below? folial Jsandls 32 )
K, (298 K) ol dalaa o)
lonization equation Acid
o1 clall s 40 SN
4.5 x 10~ H,CO3 = H* + HCO3~ ¥ Gl e 1

Carbonic, first ionization

. Carbonic, second ionization

Carbonic acid is a strong acid because it is a polyprotic Osigoll aaie 4 (548 yamas eliigy SI mea O A

The acid in the first ionization is weaker than the acid Ul (uldll 8 (aeal) (e Caradal J Y1 i) 4 (aaall O B
in the second ionization

The acid in the second ionization is weaker than the Js¥) ol & Gaeal) (e Camaal G il 8 aeall O C
acid in the first ionization

The concentrations of ions produced by the second il oY) 38 5 e S il el (e Al g1 380 53 O D
ionization are greater than the concentrations of ions Jo¥ ol e At
produced by the first ionization




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

The strength of a basic solution depends on the concentration of hydroxide ions [OH™]. As
the concentration of hydroxide ions [OH™] increases, so does the conductivity of the solution

NaOH(s) — Na'{ag) + OH (aq)

Ca(OH),(s) = Ca**{ag) + 20H (aqg)

> Weak base

» are the bases that dissociate or ionize partially in an aqueous solution.
» are weak electrolytes

» dissociate or ionize partially into ions when dissolved in water
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—

The equilibrium constant (K,),
provides a quantitative measure of the degree of ionization of the base.

The ionization equation and equilibrium constant expression for

methylamine in water are as follows. | 1
CH3NH;(aq) + H,O(I) — CH3;NH;3*(aq) + OH(aq)
Base Acid Conjugate Conjugate
> Base lonization Constant K, : The ‘ acid base
value of the equilibrium constant | 1
expression for |CH3NH; ™| |(OH~| €= | Numerator
the ionization of a weak base. Kl —
» The smaller the value of K,, the A | .
weaker the base. [CH 3NH 2] Denominator
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Table 6 lonization Constants of Weak Bases

Table 5 Dissociation
Equations for

Strong Bases
NaCH(s) — Ma“®{aq) + OH (aq)
KOH(s) — K'{aq) + OH (aqg)
| RbOH(s}) — Rb'(aqg) + OH (aq)
Cs0OH(s) — Cs'(aqg) + OH {aq)
| Ea{ﬂi:lﬁ}{ﬂj - Ca’.'liaq] + EGI:I {ag)

Ba(OH),(s) — Ba**lag) + 20H (aq)

5.0 = 107
43 x W™

Ethylamine
Methylamine

C,H,NH.{aq) + H,Off) = C,H,NH,'(ag) + OH (aqg)
CH,NH._{aq) + H,O() = CH,NH,*(aq) + OH (aq)

25 %1075

43 x 10" .
@

Ammonia MH.{aqg) + H,O{l) = NH,"(aq) + OH (aq)

C.H,NH faq) + H,0f) = CH,NH,'(aq) + OH



What is the weakest base among the following ¢ AU Jeaadl B AU a0 il Ca (e i) 3ac Ll La

bases in the table below?

K, (298 K) Base b))
g  50x10° Ethylamine Con S
[ 4.3x10 % | Methylamine o Oa |
2.5x 1073 [ Ammenia Ls-"ri;
4.3x1019 ; Aniline ;,,;,;s"

Ethylamine Ol S

Methylamine  sel Jisa

Ammonia L gal
Aniline Ol

O A
OB
OC

G D




Which of the following is correct according to the Tolial Jyaadl A 5a)lsll schilly el Lod una L Laa (]

bases in the table below?

N Ks (298 K) lonization Equation .l dlales Base s dl
2.5x10° NHi(aq) + HO() = NH;*(aq) + OH (aq) Ammonia L_,__,A\
5.0x107% CoHsNH (aq) + HOD) = CHsNH;*(ag) + OH"(aqQ) Ethylamine ‘_-)__,_‘i J:;:!
4.3x107¢ CH3NH (aq) + H 0D = CH3NH;*(aq) + OH™(aq) | Methylamine ;)_“i L)
4.3x1071° CeHsNH(aq@) + HO) = C HsNH;3*(aq) + OH (aq) Aniline + .].-&q

Ethylamine solution produces the maximum number Cliga¥l (e 230 el Gaal i Jglae m
of ions
Ammonia solution produces the maximum number Sl e 2 all Ligal) Jolaa o
of ions
Methylamine solution contains higher concentrations of e il g 3815 del de el (udl Jolae (geiag
the un-ionized molecules Al

Aniline solution contains lower concentrations of the Lugal 5 Skl e 5815 B8 e Y Jelae (ggiay

un—ionized molecules



14. Write ionization equations and base ionization constant expressions for the following bases.
a. hexylamine (C.HNH,) c. carbonate ion (CO,* )
b. propylamine (C;H,NH,) d. hydrogen sulfite ion (H50, )

15. CHALLENGE Write an equation for a base equilibrium in which the base in the forward reaction
is PO," and the base in the reverse reaction is OH".
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CHM.5.3.04.003.04 dentify the relationship between the strength of an acid and its conjugate base and the strength of a base and its

conjugate acid

In the strong acids: | i) v
HX represents a strong acid, and its conjugate base (X) is weak. It's HY(aq) + H>O(l) = H3O+(aq) -+ Y‘(aq)
100% ionized Acid Base Conjugate Conjugate

acid base

T

Think of this as the battle of the bases: Which of the two (H,O or X°) has a greater attraction for the hydrogen ion?

The base H,0 has a much greater attraction for the H" ion than

does the base X'.

In the case of all strong acids, water is the stronger base. Therefore, the ionization equilibrium lies almost completely to the right.

In the weak acids:

HY represents a weak acid, and its conjugate base (Y') is strong. ; | v

The conjugate base Y has a greater attraction for the H* ion than HX(aq) + H2O(l) = H307(aq) + X~ (aq)

does the base H,0. Acid Base Conjugate Conjugate
acid base

It captures the H' and does the reverse reaction.

)




Regarding the two reactions (1) , (2) in the table

below. Which of the following is correct?

o Laa gl olial Jsaall 3 (2) 5 (1) ety 3lay Lo

?
T

Reaction (2) Jelal)

Reaction (1) Jelaill

HY(aq) + HxO(l) = H30%(aq) + Y~ (aq)

HX(aq) + H,O(l) —» H30*(aq) + X~(aq)

In reaction (1) the ionization equilibrium lies almost
completely to the right because the base H,0 has
a smaller attraction for the H* ion than does

the base X~

In reaction (1) the ionization equilibrium lies almost
completely to the left because the base H,0 has

a much greater attraction for the H* ion than does
the base X~

In reaction (2) the ionization equilibrium lies almost
completely to the left because the conjugate base Y~
has a much greater attraction for the H* ion than does
the base H,0

In reaction (2) the ionization equilibrium lies almost
completely to the right because the conjugate base Y™ has
a smaller attraction for the H* ion than does the base H,0

W'

H,0 s3clill oY cpaadl ) Ly 55 S oplall o) 35 45 (1) Jeliall
X el aShicl Laa H* (Y Loy 530 J8l L Sllics

Ho0 sl oY luall ) T i adS ol o 31 4 (1) Jelil &
X 3ac ) aShiad Laa HY (0 4oy 385 €1 L0y cllig

Y™ &l sac @l oY Sladl ) s ol o) 33 4ady (2) Jelid 3
H,0 saclill (e & HY oo Lia el

Y7 el Y sl ) T G 139 453 (2) Jelid 8
H,0 el e J8 HY 03 L it
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he following statements is correct about the
hown below?

Sl Jeill L—Ju :\.;n.a Z,x'.:\ &) ) Ji

CH3NH,(aq) + H,0() < CH3NH;*(aq) + OH™(aq)

S€ CH;NH, is weak and the conjugate base OH is strong

L OH 4yl 5l s A CH,NH, 3= D |

S€ CH3;NH; is strong and the conjugate base OH is weak

s OH 481yl 35 4 8 CH;NH, 540 B

n has lowest attraction for H* ion than has a CH3NH; ¢ > ASlias baa (B H* (5 Lia i OH o) .C
lle of CH;NH,
uilibrium lies far to the right Omall () 13 O 423 D
Which of the following statements is correct about the reaction Wl Joll Ly Las 40D 2 jd) 41 |
shown below?

HC,H;0,(aq) + H,0() = H;0*(aq) + C,H;0,7(ag)

A. The acid HC;H,0; is strong and the conjugate base C;H;0, is weak s CH,0; 4B 520D 5 5 8 Jaaa HOH0, WA |

B. The base C)H;O) is weak than H)O base H;O sl o —te C)H)O)' Y B 1
C. The conjugate base C;H;0, has greater attraction for H* ion ASEG e 558 HT O Wi JEG GH,0, 4 Sl |
than does the base H.0 H,0 =W

D. The equilibrium lies far to the right i Ol A e DN 4 D
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{_351_)&.“ lgaiaan g sac |l 3_95} E:'t!'l)njll aclag U.a.a;.“ E}E O 4352l 8 =l

Which of the following is true according to the €A Jelalls Bl Lasd e L Lao gl
following reaction?
HCzﬂgﬂz{aq) + Hzﬂ{” — EzHaUE{aq} + H3U;q

H.O base has a greater attraction for the H* ion than does H* ool Ui HoO saclall élliss

the base C;H3z02 C,H30y s2elill e 4 O A

Conjugate base C,H30; is weaker than H,0 base H,0 s2el@ll (o Cimal CoHa0y Al yall sac il O B

The ionization equilibrium lies far to the left I T e B o C

The ionization equilibrium lies far to the right cpadl () calall ol 55 aasy O 1D
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il Jo iy (3led Lo rranaa 38 (L s gl

B Which of the following is NOT true according to the following

reaction?

l'lCl(aq) + H;0q) - H3OEL3(1) + Cl(-aQ)

Conjugate base CI-is weaker than HoO base ~ H,0 5@l e Gonuial Cf- &8 pall 5ll O A

The ionization equilibrium lies far to the right s ol gy O B
The ionization equilibrium lies far to the left ld Sl giay O C
H,0 base has a greater attraction for the H* ion H* o5 Lia H, sactdll el O D

than does the base CI- Cl sacl@l ;0 &
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- If the ionization equilibrium of the acid in the equation below lies far to left, then...

HCN(aq) + H,0(l) = H,0%(aq) + CN(aq)

¥/ the conjugate base CN™ is stronger than the base H,0.
¥ H,0" is a weak conjugate acid.

¥ the conjugate base CN™ is weaker than the base H.0.

¥ HCN is a strong acid.
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Which of the following statements is correct

according to the following ionization equation?

HCN(aq) + H2O(l) = H307(aq) + CN(aq)

The equilibrium lies far to the right because Bia lliad CN™ 4881 pall saclall oY el I 1320 o) 51 4ady
the conjugate base CN™ has a greater attraction HpO saclill cya 58T H* U
for the H*ion than does the base H>0

The equilibrium lies far to the left because the Uda ellias CN™ 488 yall sactdll oY bl (I 13as o)) 55Y1 assy
conjugate base CN™ has a greater attraction HoO s2clall e LSl HY (500
for the H*ion than does the base H,0

The equilibrium lies far to the right because G ¢llias CN™ 4881 yall 2@l oY el ) 13amy o) 55V 4y
the conjugate base CN™ has less attraction Ho0 s2ctal e Jal H* (g 5
for the H*ion than does the base H,0

The equilibrium lies far to the left because Uda ellics CN™ &8 yall s2c 18l Y bl ) 13amy o) 3591 4y
the conjugate base CN™ has less attraction Ho0 saclall e Jal HY (5 a0
for the H*ion than does the base H,0

Sl () Aslaay (Blat Lasd daiaua I &l jlaadl (s



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

1. Self-lonization of Water: The Balanced Nature : 2. The Water lonization Constant (K, ):
of Pure Water L A Constant Value

Pure water contains equal concentrations of H* and OH"

ions.
( H,0() @ H'(aq) + OH ()

RS L 0

2 H20 H,0 H,0*

K,, is a special equilibrium constant for water’s self-
ionization.

as an acid (proton donor), and the other acts as a base

(proton acceptor). _ |
Formula and Value [

In the self-ionization of water, one molecule of water acts J

- [H'][oH] |

= [H*][OH] =1 x 10-14 (at 25°C) J

© 2024 CHEMISTRY EXPLAINED - Educational Slide Series | Slide 1 of 10



-

+ OH (o)

»&;+£

H,0*  OH

2 H20

Pure water naturally auto-ionizes

into hydronium (H;0*) and
hydroxide (OH") ions in equal
amounts. This process is
dynamic equilibrium.
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-~ 'SELF-IONIZATION OF WATER [ UNDERSTANDING THE
K, CONSTANT

[ K, = [H*][OH ]]

" indiute solutions.
Value at 25°C: 1 x 1014
In dilute solutions, K,, remains
constant, even when acids or
bases are added.

[H*] is equivalent to [H;0%] in
concentration calculations.

THE RELATIONSHIP

" ADDING
ACID _,

1
\‘__':“ -
' |H']reactswithOH to |
[ form water. )

L [HY becomes > [OH] -J‘
Range for H* is > 107 M eg., 10’»3’
[H*] x [OH']
_is always constant (K

Seesaw tilts: [HY] 1
and [OH] L

H,Om :'H‘(m '. O“(oql }

_ Seesaw tilts:
- ADDING | [OH] 1 and [H]
BASE Shift (Basic)

[ Hy0p = TH' g8 OH'y ’
[0H'] reacts with H to form water. |
_ [OH]becomes>[H] |
Range for OH is > 107 M, e.g., 104 M

An increase in one ion causes a
decrease in the other. This is an
inverse relationship.
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e -

<
%

types of solutions

acidic neutral basic

|H"] = [OH"] [H"] = [OH"] |OH™] = [H7]

[H'] = 1 %1077 mol/LL [H] = [OH™] = 1>1077 mol/L [OH] = 1 %1077 mol/LL
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¥ In the self-ionization reaction of water shown below. M 13 sy 1ila Lol muzmgall slall A ol Jelis L3
Whal happens if the concentration of H" ions FH g el ol 385
increases?

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

The concentration of OH™ ions increases O30 Ky dad Ladg OH™ 1S5 jagll cilig) 565 duy
and K, value does not change _jsad
The concentralion of OH™ ions decreases guad (g Ky dad 20y OH 0y 50l ciligl 385 &

and K, value does not change

The concentration of OH™ ions increases Ko il oy OH 0S5 50l ciligd €5 slays

and K, value increases

The concentration of OH™ ions decreases Ky et (5 OH 1y pugll mligd 385 GG

and K, value decreases
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Page 105

2. )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.
(8) Hf]1=1.0x 10733  (€)[OH"] = 1.0 x 10-3M
@ [OH"]= 1.0 x 10~'M d. [H*] = 4.0 x 10~5M

- P n e — . . .
22 "The concentiation of either the H* inb ar the O i 23. Challenge Calculate the number of H* ions and the number of OH~ ions in 300 mL of
15 given for four aqueous solutions at 298 K. For each i t 298 K
solution, calculate [H*] or [OH-]. State whether the ¢. [OH-]=1.0:10°M pure water a .
solution is acidic, basic, or neutral. X i
[ ; K, _=[H]J[OH] 23 Challenge Calculate the number of H~ 1ons and the
a i_H'J = 1.0x10-5 M o A : .
1.0x10™ =[H"](1.0x107) number of OH- ions in 300 mL of pure water at
N 5 2
K ‘[}_lu"ﬂH t o L0x10™ _ [H7)(1.0x10) IaE )
LOx10™ =010 )0 ] 1.0x10° 1.0x10~ At298 K, [H']=[OH |=1.0x10"M
LOx107™™  (1.0x107)[OH ] oy a 1.0x10" mal 1L
LOx0®  Loxi0® BETLRNT MolH == i x 300 mL
) ’ [OH™ ] >[H"], the solution is basic. IL 1000 mL
[OH ] =1.0x10" M =3.0x10"° mol

. [H] =4.010°M
[OH ] >[H"], the solution is basic. d. [H] = 6.02x10" H' ions

b. [OH= 1.0x10-M K_=[H'][OH ] S.Dxll}'“.mul H™ ionsx Tmolm & X
K, =[H][oH ] 1.0x10™" =(4.0x107)[OH ] ~1.8x1#9H" ions
LOXI0™  [H'J1.0x107) L0x10™ _ (4.0x10°)[OH ] Number of H' = number of OH
Lox107  10x10° 1.0x10°* 4.0x10° = 1.8x16%ions
[H']=1.0x10"M [OH |=2.5x10"M

[OH |=[H"], the solution is netural. [H™]=[OH"]. the solution is acidic.
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@/ Calculate H* or OH to compare acidic-basic-neutral |

a.[H]1=1.0x10"M

b.[OH]=1.0x10"M

c.[OH]=1.0x10"M

d.[H']=4.0x10"M




What is the value of [0H~] of an aqueous solution
that have [H*]=1.0 x 1073M at 298K?

Coverage-EoT3-G11-ADV -P2-INSPIRE 25-2

— e
-

e — — — e - . ————

298K xc [H*]= 1.0 X 1073Mai () e Jsladd [OH] i e

1.0x 107 ™ O A
1.0x1073 ™ O B
1.0x107% M O C

1.0x 1074 ™ O D
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25. Calculate the pH and pOH of agueous solutions with the fellowing concentrations
at 298 K.

a. [OH]=10 x 10°M
b. [OH]=6.5 x 10°M
c. [H']=36 X 10°M
d. [H']=25 x 10°M
26. Calculate the pH and pOH of aqueous solutions with the following concentration at 298 K.
a. [OH]=0.000033M
b. [H*] = 0.0095M

27. CHALLENGE Calculate pH and pOH for an aqueous solution containing 1.0 x 10— mol of HCI
dissolved in 5.0 L of solution.




21

CHM.5.3.04.007.04 Calculate pOH when the [H+] or [OH7] is given and vice versa

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

pH and pOH

8C_ _oom )

B cmom )

[ What is the relationship between pH and pOH? J

T

[ pH, pOH have no units }

YOUSEF SARYRAH

84



UNDERSTANDING pOH SOLUTION GUIDE

' Problem 6: Base pOH Calculation

What is the pOH value of the solution that
has: [OH]=1.0x10"°M, at 298 K?
| [OH]— 1.0 x 1076 M PO =-dr]

pOH = -1log(1.0x107°) i X
= - (-6)

pOH = 6)

' Problem 7: Calculator pOH

What is the pOH value of the solution that
has: [OH ]=6.5x10"4M, at 298 K?
— pOH = -log(6.5%x107%)
2 log(6.5%10%)—-3.187...

POH = 3.19 (rounded for —> 3, 18
sig figs)

' Problem 8: From H* to pOH

What is the pOH value of the solution that has:
[H*] =2.5x 1072 M, at 298 K?

[H*] =8, pH = -log(2.5%x10%?) = 1.6
pH 22 pOH =14-1.6=12.4

POH = 12.4 (rounded)

Method B: Find [OH], then pOH

[H*]W[OH] (1.0%1074)/) = 4.0x10°3 M

[OH]-2% pOH = -log(4.0x10""3) = 12.39...
pOH = 12.4 (rounded)

i pOH = -log[OH"]
| pH = -log[H"]

pH + pOH = 14.00 (at 298 K) |
= [H*][OH] =1.0x 107 |
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= THE RELATIONSHIP BETWEEN pH, pOH, [H*], [OH]

[H*] 1 107 160* 10 10* 10> 10°* ‘1067 10%* 10 10" 120" 10'* 100" 202
pH (4] 1 2 3 4 5 G 7 8 9 10 11 12 13 14
pOH 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[OH] 10" 10" 1072 10} J40°8% 102—10Pf a0 74 10 10224 10* 100° 102 10' 1
f TEACHER

IEeasing 7= Vv, increasing YOUSEF SARAYRAH
4_ acidity . = == Neutral e— basicity ——>

J Types of Solutions h
@) - —— — s - ;
o Neutral & m
s ) o
BT\ 4
[H*] > [OH"] [H*] = [OH"] ' [OH™] > [H'] l
| | I
' [H*] > 1x107 mol/L I ' [H*] = [OH] = 1x107 mol/L ' [OH] > 1x107 mol/L I
'pH<7|' pH < pOH |' pH=pOH =7 'pH>7|l pH > pOH |
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24. Calculate the pH of solutions having the following ion concentrations
at 298 K. = =]

a. [H]=1.0 x 1072M b. [H*] = 3.0 x 10~°M

™ e —

25. Calculate the pH of aqueous solutions with the following [H*] at 298 K.

a. [H*] = 0.0055M b. [H*] = 0.000084M

@ Ch nge Calculate the pH of a solution having
[OH"] s 8.2 x 10~ @
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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 10~3M pOH = ?
ammonia to animal feed promotes protein growth In the animal. Another pH = ?

use of ammonla 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~*M. Calculate the pOH and pH of a cleaner at 298 K.

El SOLVE FOR THE UNKNOWN

pOH = —log [OH™] State the equation for pOH.
P =m0 -q_‘-
pOH = —log (4.0 x 1073) Substitute [OH™] = 4.0 x 1073\,

The pOH of the solution |@ Use the relationship between pH and pOH to find the pH.

pH + pOH = @ State the equation that relates
i pH and pOH.
\[_.;B = 14.00 — pOH Solve for pH.

pPH = 14.00 — 2.40 = 11.60 Substitute pOH = 2.40.

The pH of the solution is 11.60. L.«/




CALCULATE [H*] AND [OH~] FROM pH What are [H*] and [OH™]in a healthy person's blood
that has a pH of 7.407? 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 s 4.0 x 1075,

The concentration of HY ions in the blood is 4.0 x 107%M.

Determine |[OH™].

pH 4+ pOH = 14.00

pOH = 14.00 — pH
pOH = 14.00 — 7.40 = 6.60
pOH = —log [OH ]
—pOH = log [OH™]

[OH™] = antilog (—6.60)

[OH™] = 2.5 x 107"M.
—

T

State the equation that relates pH and pOH.

Solve for pOH.

Substitute pH = 7.40.

State the equation for pOH.

Multiply both sides of the equation by —1.

Take the antilog of each side and substitute pOH = 6.60.

A calculator shows that the antilog of —6.60 1s 2.5 x 107,

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




. d.398 x1012 M
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<CALCULATION OF [H*] AND [OH"] FROM pH AND pOH\

©, [&@D [H*]] = 10~PH

a.1x108M
b.1x107M
c.3.16 x108M
d.3.16 x 107 M
What is the value of [H*] for lemon juice with pOH = 11.67
a.2.51x1012 M
b.3.98 x 103 M
C.2.51x103M

B
O
O
&

At 25°C (298 K) * S : —



a\Via ala a i\ ) \ ) L

. . By TEACHER YOUSEF SARAYRAH T T a——— oy
Which of the following substances has the highest TPOH Q3 4 el lg 4JBI Slgall (5

pOH value?

Solution A A Jgl=s | Solution C C Jg¢l>s | Solution B B Jgl>s | Solution D D Jglxe

[OH™] = 0.000033M pH = 10.50 [H*] = 0.0095M | [OH™] = 0.000033M
A. SolutionA | Ade=e O A
B. SolutonB | Bds= (O B
o SolutonC | Cde=e O C

D. SolutonD | Dde¢= (O D




Link between acidity and alkalinity of aqueous solutions and the
concentration of hydrogen and hydroxide ions at 25°C or 298 K

Which of the following substances has the highest [OH|?

gl 5585 4HE L own)l afclBy L tias i i
K 298 91 25°C wic dumSg)oually (uzg)dugll

CIOH]J doud el L) &l olgall i

D Jolovw C Jglo B Jolvwo A Jglow
Solution D Solution C Solution B Solution A
[H*] = 2.5 x 107%2M [OH™] = 4.0 x 1073M pH = 7.40 pOH = 5.60
\\
ot
b
Solution A Aded> () A
Solution B Bl () B
Solution C Cdsl () C

I Solution D Ddse () D ._ =



A

Which is the dorrefctiarirangerhent according to 3 (Y) 3 (X) Jtaall pOH 4ad Gaua
the pOH values of the solutions (X), (Y), and (Z)
which have the following characteristic?

- » o‘ - -
CM‘ é&uﬁ-‘ — a

T AL Lailaddl O3 (2)

(X):pH = 10.5

(Y): (H*] = 107*%

(Z): [OH"] = 107?

A.lowest) (Y) = (X) = (Z)nighest)

s (Z) « (X) «(¥) A

B.(lomst) (X)—=(Y)-(Z )(highest)

iy (Z) « (Y) « (X) gy B

C.owest) (Z) = (X) = (V) (ighest)

sy (Y) « (X) « (Z) (g .C

D.(lomst) (X) = (Z) » (Y )(Mghest)

) (Y) & (Z) « (X) (4 .D




What is the value of [OH™]in the Lemon juice at 298 K 298 K e sl juae A4 [OH7] 4ed Le

Ggaalll juac

By Teacher Yousef Sarayrah LT;” :j”:e
1.0x 10711 M -
1.0x10™° M O B
1.0x10* M olc

1.0x107¥% M O 5




6" Teacher Yousef Sarayrah *+* 5

+ %% GRADE 12 ADVANCED CHEMISTRY &2 ¢ "

PROBLEM 1: MAGNESIA SOLUTION pOH = 3.5
What is the value of [OH7]
for this solution?
Step 1: pOH = -log[OH™] = [OH"] =107POH
Step 2: Substitution [OH™] = 1073

Step 3: Calculator Value [OH] 3.16 x 104 M | ™=

Step 4: Significant Figure Rule
(1 decimal place in pOH means 1 significant
figure in concentration)

Step 5: Rounding to the correct choice: i //
[OH] = 3x10*M [ /

(c from original is the unrounded calculator value)

@ PROBLEM 2: AMMONIA SOLUTION pH =11.9
What is the value of [OH]

for this solution?

Step 1: Formula: pH + pOH = 14.00 '[T-\-’
Step 2: Find pOH: pOH=14.00-11.9=2.1 K
Step 3: Substitution [OH"] = 1021 K ><§D
Step 4: Calculator Value [OH ] = 7.94x 10° M -

Step 5: Significant Figure Rule
(1 decimal place in pH/pOH means 1 significant
figure in concentration) .
Step 6: Rounding to the correct choice: //
[OH] = 8x103 M (

(a from original is the unrounded calculator value)

 [OH"]=10"P%H  pH = —log[H*] pOH = —log[OH"]

pH + pOH = 14.00 ESSENTIAL CHEMISTRY FORMULAS
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23 |CHM.5.3.04.006.04 Calculate the acid dissociation constant, Ka, given acid concentration, [H+] and pH

}x [ GUIDED SOLUTION: CALCULATING ACID DISSOCIATION CONSTANT (Ka)j]
PROBLEM STATEMENT: K, 4ad Lo
What is the value of K, for a 0.0400 M solution of acid HCIO,? £0.0400 M ¢3S 5i HCIO, iasa Jslaal K, 40 L

¢pH=1.80 ¢

FORMULA TO USE
(10 pH)Z o M=

)
Initial Molar Concentration (0.0400 M)
_ —— pH = Solution pH (1.80)

J

STEP-BY-STEP CALCULATION

’ Formula Substitution / 2

"~ Substitute Known Values
(10 1.80)2
0.0400 — 10180

v

K=

e

Component Calculati@ 3
Calculate Parts

Calculate 10~189;
=> [H*] = 00158 M

beaker —»

Ka = Acid Dissociation Constant
|(MATCHING THE ANSWER: |
Final Division -3
Solve for K, 058X10 ...... "
(0.0158)* e (X) 1.0 % 10'2 connscn

~ 0.0400 — 0.0158

0.00025

~0.0242
Ka = 0.0103...

Ka=1.0x10"2 ==

(SUMMARY: Using the formula is direct and accurate when initial concentration is not
significantly small compared to [H*]. The value of K, for HCIO, is approximately 1.0 x 102,
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“ PN .-Q .

> e
¢~ \HF " H,0*

Calculate the ACId Ionlzatlon Constant (K,)

of Hydrofluoric Acid (HF)

Given an initial HF concentration of 0.0091 M and a solution pH of 2.68. Find the Ka value.

PROBLEM STATEMENT
Choice -A K,=76x%x107>
Choice -B K:;=63x10"*
Choice -C K,=99x107°
Choice -D K.=48x%x10"*

SOLUTION OVERVIEW

1. Identify Knowns: [HF];,iio = 0.0091 M, pH = 2.68

2. Convert pH to [H*]: [H*] = 107PH = 10268

3. ICE Table (Simplified): [H*] ~ [F~] ~ 0.00209 M.
[HF]eq ~ 0.0091 — 0.00209 = 0.00701 M

4. Apply K, Expression: K, = L 1F]
[HF]eq
~ 00209)2 o
5. Final Calculation: K, e —6.22 % 10

MATCHING THE CALCULATION, THE
CORREC ICORRECT OPTION IS CHOICE -B ‘/

ANSWER (rounded to two sagnlﬂcant ﬁgureS)
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08 ¢ =
If you are given an acid solution (.20 M, POH = 9.37 s 0L20 M i85 mas Jslsa .;._J.:..—.i X
pOH - 9.37 What is this acid formula? ? aandl 13 diss L
. ‘ -
Ka (298 k) el ds.a
Acid formula
6.3x107 HF
6.2x1071 HCN
1.8x107° CH;COOH

2.8%10 HBroO




¥# What is the value of K, of 0.200 M solution of
5| hypobromous acid HBrO , pH =4,63?
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50.200 M )5 5 HBrO jpaspsm) ad Jyad K, 4ad | B8

HBrO , +H,0, SH", + BrO-

(aq)

‘pH=4.63 :

K.=2.25x107°

K.=3.60x 10"

K.=2.98 x 107

A
B
C K.=2.74%x107?
D




a i\ | B A

CHM.5.3.04.005.07 List different methods used to measure the pH of a solution

Method a a: pH Paper Method b: Portable pH Meter

* Provides an approximate pH measurement * Provides a more accurate pH measurement

* Relies on wetting a paper strip and visual color * Used for measuring rain water pH in this instance
» Compared with standard colors (1-14 scale) * Provides a digital display (e.g., 5.18)

Subjective color matching required * Direct sensor reading
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| Which tool provides a more accurate measurement of pH? SpH Gurgying)! 08,0 1 Luld 3345 Blof q;i

A | pH paper pH 8,3
B | Thermometer - (Sfogays) 8)yls=dl Olne
C | Portable pH meter V Jgasnll i)l 03,01 pulide
D Litmus paper i ol L5 (39
A scientist needs to monitor the pH of rainwater over time. 29303 HUaedl sls Ao ga> Ay Adlye ) @lle Zliow
What reasoning supports the use of a portable pH meter 031 polae plusiul @eds (I olwdl P l.cdyll
instead of pH paper? SpH &)9 O Y Jgazedl (duzg)degl!

A | The portable pH meter is less expensive. 4455 J81 J gazeall 9l @351 wlide
. The portable pH meter provides consistent, accurate, and digital dxnd) Oluld Jgazmall Guzgyudugl 03,1 (wliide o9
measurements, reducing human error in color comparison. Ol &ylae 3 Sl Unsdl (po &5 Low (ABaiog d8uds

The pH paper is more durable. &be #S1pH 3)9

The pH paper is easier to use. Pzl 3 Jeul pH @9
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‘5 25 |CHM.5.3.04.004.01 Define neutralization reaction while writing the neutralization equation (Complete ionic and net ionic equations)

| AVN@ES % A APA AASASSA A A AWAY APDESA AN A AWATARS A KAAYEAS 4 A6 ADA A AAWAYTY N W AT @B |

L The neutralization reaction is a type of double ¢~ ’
replacement reaction. ) ) HCl,q) + NaOH(,q) — NaClgg + Hy0(

Ej_ Ionic Existence: These exist as ions in solution:

acid + base — salt + water | : ! ;
' H'(aq) + Clag) + Na' (o) + OHag) > Na'(q) + Cl'eg) + H, 0
HX + YOH — XY + H,0 z 3
- Spectator Ions Identification: Na* and Cl- are
‘% Xy Spectator ions.
Py % " ¥ |
Net Ionic Equation:
Equivalence point: the point at which moles of the H* ion H*q + OH () — H,0,
— < - . of the acid are equal to the moles of the OH" ion of the base. or
Antacids relieve indigestion ;
R\D symptoms by neUtraigizing the titratation solution point | strong acid weak acid H;0%q + OH ) — 2H,0(,
acidic solution in the stomach. a R 7= T
L ) strong base neutral (pH = 7) | basic (pH > 7) To find the concentration of an acid
' | solution we titrate the acid solution with
weak base acidic (pH <7) | notitration | | 3 base solution of known concentration. J
A neutralization reaction occurs — —
! when Mg(OH), reacts with a ; To find the concentration of the base
solutiongof HCl de. & CURATED & DESIGNED BY: solution we titrate the base solution with
YOUSEF SARAYRAH . an acid solution of known concentration. )

TAWAV & Y



@j H,0() + KClzg) |

CHEMISTRY: GRADE 12 ADVANCED

'POSTER BY TEACHER YOUSEF SARAYTAH |

@ x EoNAncn x @ @@ _SPECTATOR ION (
DERIVATION ) ANALYSIS .

i " NEUTRALIZATION
ﬂ PRODUCT

IDENTIFICATION

1) What substances are
produced in the neutralization

reaction of KOH,,) and HCl,?

KH(aq) + HC'O(aq)
96 Clry + KH,0aq

o

@o H30 (aq) + KC'(aq) QE?&Q

2) What is the net ionic
equation for the reaction of _

HNO, with KOH? §aq§’

”\ H30+(aq) + OH-(aq) — 2H20(|)'

[Bo K (g + OH gy = KOH
H* ag) + NO3 () > HNO3(q)
@)o K (g + NO3 o = KNOyg

3) What are the spectator ions
produced by neutralizing
HCI with Mg(OH),?

&), H*, OH"

[®, H*, CI

G, Mg?#, OH"

@l Mg*, Cr -

©

REVIEW MATERIAL - GRADE 12 ADVANCED 87 §




—
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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 titration

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




CHM_ 5. 3.04.004.02 Define titration, and titrant

CHM.5.3.04.004.03 Explain how to carry out an acid-base titration

TITRATION APPARATUS & METHOD

An acid-base titration

needs an indicator

which detect the

equivalence point

of titration, and it
indicates the end
the neutralization

reaction.
107
T 8
o e Equivalence
£ 4 . point
S 1S 5
N ) . ~End Point
0

of

(Indicator change)

METHOD

. Set up apparatus.
Measure is filled with titrant.

. Measure Initial pH Analyte.

burette — '

B\ solution with known
concentration.

equivalence point,

. Calibrate pH meter. . . .
Calbrats oo pHmetor. pH meter— which is the point at
(potentiometric titration only) pH during DH . . o

. Slowly add Titrant from  titration = @l sectroge | WHiCh moles of H* ion

Burette. at at addition.
. Measure and record pH and beaker

Titrant Volume at each St N d

addition. i -'
. Spot the equivalence point \

from the pH change. - ]

BY: YOUSEF

n - Titrant\:lolume SARAYRAH the end point. I
yvUuJdul Ul yIU

from the acid equal
moles of OH" ion from
the base.

the indicator changes
color and this is called
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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 coler 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
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oo o _
< B ' —
= i 5 6 7 8 9
= ‘l TYPES OF TITRATION CURVES, ACIDS & BASES
m
m
g TYPES OF ACIDS & BASES TITRATION CURVES & END POINTS j;“: =
b hym
= " : Strong Acid titrated Weak Acid titrated ,
g ACIS?I?ONG o " witthtrong Base o with Strong Base S Bromphenol biue
o Methyf orange
(e.g., HCI, H2804, HN 03) 9 T [Phenciphthalein 88| [Phenolphthalein B Rromaesol green
Complete dissociation in Ty pH~T  pH7 pH>7
water. 4 | Equivalence/ _ Equivalence/ Methyl red
« WEAK ACIDS 0 End Point : End Point S Bromaesol puple
(e.g., CchOOH, HF)I Strong Acid, Base —% =3 S —
Partial dissociation. , . g Acid +Strong Bas B Bromthymol biue
BASES ‘ Weak Base + Weak B: —— T
with Strong Acid
o STRONG BASES 10
(e.g., NaOH, KOH): g
Complete dissociation. sz -------------- - gﬂjijzlg
o WEAK BASES ’  Endbol
(e.g., NHz, N(CH3)3): 0 i
Partial reaction with water. RUong Auid s e

(e.g., Methyl Red choict
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50.0 mL 0.100M HCI Titrated 50.00 mL 0.1000M HCOOH Titrated

with 0.100M NaOH with 0.1000M NaOH

i S Sl S N Sl S S S S S [ S S S S

8 8 Equivalence
= _ = point

6 i — 6

Equivalence > ___!...--.--""
. =
point N ol
4 4
Y
2 2
0 0
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 10

Volume NaOH added (mL) Volume NaOH added (mL)




What acid-base indicator would be suitable for the
neutralization reaction whose titration curve is shown
below?

14

11 |

10

pH

(4]
0 10 20

30

G Jalad) Je il Casliall Baclll- (aanl) 2GS La

Colia] prdaga dljlaa iaia

40 50 &0

Volume of titrant (mL)

A. Phenolphthalein (range 8.2-10)

(8.2-10 »laa) (pilialginal) LA

B. Methyl red( range 4.2-6.2)

(4.2-6.2 sl Jsiuall ) .B

C. Methyl orange( range 3.2-4.5)

(3.2-4.5 slas) M) Jéisal) .C

D. Bromcresol purple( range 5.1-6.8)

(6.8—5.13\44) %A.u.sﬂ.u JMJSJAJJJ .D




In relation to the titration curve and indicators table below. Ul Lol ¢Sl Jouog B plaadl ovion Glat Lok

Which of the following is incorrect? Tremo pé b las

MG Apic
Equivalence

9 point pH, 8.72
8
£ 7-
SE A Ll il gl ]
Methyl orange | Phenolphthalein Indicator i
3.1-4.2 8.0-10.0 B Sde i
Indlcator range ¢ 0 5 l:) 115 210 2.5 3:3 3'5 G:O -:“5 S:D

Volume of base added pas
Volume of base added (ml.)

The equivalence point is within the methyl orange range JE I sl Lot Sia (o a5 581 Alai O A

Phenolphthalein indic§tor's color changes 3331 dhads wis dig) i cpllialgudll Al O B
at the equivalence point

The acid is HCOOH, and the base is NaOH NaOH suaclallg « HCOOH asxli O C

The acid is weak, and the base is strong dg8 suclilly ¢ Cad paexdl - (O D




‘;fz:lﬂ-js the type of acid and base in the titration curve shown pilacal] . 4 g‘o‘ saclally aand oy < £5 La
¢ olia] o sal)
15
12-
11— (’, I
10 <
9 — 35S dbnds [«
8 Equivalence =
5 7 /pomt pH, 7.00 g
2 n
- w
4 — w
3 7]
2 ——/ 8
[:: ] [ ] ] I I ] I | ] I >-
0 S5 10 15 20 25 30 35 40 45 50
mL soclsll ane
A. Strong acid and strong base 3:.35 Bac By (698 Laan A
B. Strong acid and weak base ddsma Baclig (§62 Laan .B
C. Weak acid and strong base 3:.35 B B9 Lhueiin aan .C
D. Weak acid and weak base A BBy Limia aas D




Which of the following is frue regarding the tilration Tolaal 3l o 3 e A 1;5

Coverage-EoT 3-(m-

M Usdsan 3y | el | Gt | s 3y sl
Bromothymol blue Methyl red Methyl orange | Bromophenol blue The indicator
RS (s s A pH |
6.0 -7.6 4.2-6.2 3.2-4.6 3.1-4.7 pH values al which the
indicator’s color changes
O A The ackl is weak, and the base I8 weak A7 o ADLD Ca8ls dis fs 8y Chads daen]
and the sultable Indicator is Bromophenol biue g s
4
B The acid is strong, and the base is weak Sl jeal o SO LSS, s B lilly gb sansd 2
and the sultable indicalor is Methyl red 0 ‘
0 10 20 30 & S 6 10
N . v B N L T e e e " mb) Gl s i@l
C The acid is strong, and the base is strong Jsadsasn 35l g aDL aslSlly o 520y 5 lasal () e
and the suitable indicator is Bromothymol blue Volume of the added base(mL)

O D The acid Is weak. and the base is strong el iy b AL RS A By bl e

and the suitable indicator Is Methyl orange
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Which of the following statements is correct according to the

titration curve and indicator table shown below? }g—

pH

uz.wlgSJl Jouzg dulaall (Govicy @lsw loud dousuo dJUI Oyl GI
Coliaf dousgall

59151 dbss -
—~Equivalence —
point pH, 7.00 —

I T 1 1 1 I I I T

Methyl orange JWipl Jusoll

Methyl red Juisoll jooi

Bromothymol blue Jgesigog sl &jji

3.2-4.6

4.2-6.2

6.0-7.6

The acid is strong and the base is weak, and methyl red is
is the suitable indicator

The acid and the base are strong, and bromothymol blue
is the suitable indicator

The acid and the base are weak, and bromothymol blue
is the suitable indicator

The acid is weak and the base is strong, and methyl orange
L is the suitable indicator

Jutrall yanl oo Cawliall @ISl s scldlly 598 paexdl ) A
Joadgegpll §)jl 9 casliall eilsllg dagd Saclilly g9 vaell () B
Joaigogdl )i 60 cuwliall aillg dasms saclilly dums passdl ) C

JWdl Jsbsall 90 Cawliall CablSllg sdzgd Baclilly s yasxdl ) D




Which of the following is correct for both (a, and b) curves

?ouaiw)s,n(bja)@wdg@uggméi’
-INSPIRE 25-26

14+ (&) 14 (a)
13 13
12 l 12
11 JAledl Alagll 11
10 Equivalence 10
a point pH, 8.72 9 - sad oy
8 8 Equivalence
x5 7 5 7- pomt pH, 7.00
6 - 6 —
5 5 -
4 — 4 -
3 3
2 2
1 1
0 T ' Tt o | — — T 1 T 1
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
Volume of base added (mL) Volume of base added (mt)
(L) silanal) AAHL ams

(ML) wdleaad! <A ans

Jsas sa gl G Jfuall jaal Cas\sl)
Bromothymol blue Methyl red Indicator
6.0-7.6 4.2-6.2 aclsll (saa
Indicator range

In curve b the acid is strong, and Methyl red Jiadl jaal ga Culiall a2y g 6 yanall b inddll

is the suitable indicator

In curve b the acid is weak, and Bromothymol blue Jsadsas ) 3551 s cauliall ol g «Cimaa anall b inial
is the suitable indicator
In curve a the acid is weak, and Methyl red Jdaall yeal o Cudiall ol 5 Ciumn (manll @ (ginidll b

is the suitable indicator

In curve a the acid is strong, and Bromothymol blue

Jsafisag il G5l g cuial) RSl g o b aaall @ iniall
is the suitable indicator
[ I ——— (S e e S A ) e 0 R e i i)
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What is the titration in the curve shown in the figure below? Sobsl Sl § pubsd! oul! @ Bplall o

¥ Titration of an Acid o= 3 3lae
[ "]

1 + -
\ 1
|

Ll -
8 “Equivalence alaa: / I |
T ; \ |
(=% pont ,ﬁ\ﬁa.‘f\

B hedecmndad cebadas P educbadaabad
4 e b
|
2 —
0 :
aslall 3uclall pows
Volume of base added
A strong acid with a strong base Lptsbrgdas O A
A strong acid with a weak base dap 5uslh pe 98 Haa> O B
A weak acid with a weak base FEWS R APIL FURE S O C

A weak acid with a strong base b upiasge O D




Coverage-EoT3-G11-ADV -P2-INSPIRE 25-26

= Regarding the titration curves below. Which of the S rna \,,Jie Les (5! olial Bplaall ciliiniay 3hass Lok .
aslsl) Ol saie s 53 pH J) (52 sl
y following i t? : e :
DN pH range at which the indicator’s colour changes Indicator
e gl
g n
T N ittt i e ] 8.2-10.2 choncrilfai
" T J3)Ssas
3 3 - Bromcresol purple
- Jsadisagdl &)
e T T R Bromthymol blue
VO‘;:I:“O":.‘I::A;;:’ DLAL Saslil) gas
Volume of base added Dlal) daclif! g
Volume of base added
The curve (3) represents litration of a strong acid and allCllg ddia s Baclly (g e Bplas () sl B >
a weak base, the right indicator is Bromcresol purple Js3Ssa9 5 oauiis ga Bplaall usliall
The curve (2) represents litration of a strong acid and Ry A Bae g (58 e Bulea (2) nial Jia) ®
a weak base, the right indicator is phenophthalein Cpllalguall ga Bialaall Cinliadl

The curve (1) represents litration of a strong acid and liall SISy Ligd Bacllg (598 ana Bpulaa (1) Sacall Jiad ®

a strong base, the right indicator is Bromcresol purple Js)Ssagp iy b Bpluall

The curve (2) represents litration of a weak acid and AallSlly digl Baclly Climia mes Bulaa (2) Asial) Sia

a strong base, the right indicator is Bromthymol blue Jsadizagull 350 o8 Splaall Cisliall
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Which of the following statements is correct according to the Jsaag pleall iniey (3lads Lo dagaua A1 o el

Polial A gall Lo o<)) =
titration curve and indicator table shown below? — -

12
10
oSl (53 a2\Sl = ‘ Fqﬁilx?:lle;rﬁ
Indicator range Indicator s D
5.2-6.8 Js S sasn oaudl d T 111
k Bromocresol purple [ { ! ] |
8.2-10.0 Callial gl 2 ! /
Phenolphthalein 5 =TT 1
Volume of base added (mL)
(mL) wilaadl sactdh 2
The base is NH4OH, and phenolphthalein OaGEl i ga liall CallSll g (NH4OH saclall
is the suitable indicator
The base is NH4OH, and bromocresol purple J3 S sa 0 oy ob uuliall CallSH 5 (NH4OH saclall
is the suitable indicator
The base is KOH, and bromocresol purple oS 5a9 (el g Culiall CallSll 5 (KOH sacldll
is the suitable indicator
The base is KOH, and phenolphthalein Callial il oa awliall CallSll g «(KOH saclall

is the suitable indicator
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1) It takes 83 mL of a 0.45 M NaOH solution to neutralize 235 mL of an HCI solution.
What is the concentration of the HCI solution?

|

HCI + NaOH - NaCl + H,0 Base

0 Method | \ e
« Step-by-step Solution:
+ Identify the chemical reaction. Balanced Equation: 2 N
Note: n, and ng are the # of moles from the balanced equation. G S——

Understand the formula for acid-base titration. Use: Mgl’“ - M::"

-

" n, and ng are the # of moles }

Determine values for n, and ng from the coefficients. | from the balanced equation.

Plug in the known values and solve for the unknown, M. MaVa - MgVs y, 5351

: : 2
+ Calulate the final concentration of HCI. V,=83 mL Vahe
Solving for My: Acid
M.Vy-n,  (0.45 M)(83 mL)(1) MaVa _ MgV é‘
My, = = =0.16 M HCI =
V,ng (235 mL)(1) Ny Ng A L

YOUSEF SARYRAH 167

N




& )

What is the molarity of H,S0O, solution 0o 74.30 mL p3) 131 H,S0, Jolow dsjdge b
if 74.30 mL of 0.4388 M NaOH solution is needed = 45.78 dsleal 0.4388 M 51554 NaOH Jglwo
¢ el Jolxo

to neutralize 45.78 mL of the acid solution?

( HzSOa(aq) + 2N30H(aq) -> N32$04(aq) . 2H20(l) ]

Base (NaOH) Titrant ~ Acid (H,S0,) Sample |
E Volume: 7430 mL | 1 L | Volume: 45.78 mL
Molarity: 0.4388 M [‘
7~ for diprotic acid 0.3561 M n O 0.1569 M B

{MXV!NaOH
2 0.4211 M B

1
e v volume H2S04
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What is the molarity of H;PO, solutlon if 15. 00 ml_ lS 00 mL A )J 1) H3P04 Jolaa 4 j.-!j.a

of 0.500 M NaOH solution is needed 25.00 mL daleal NaOH Jglss 0.500 M (3e
to neutralize 25.00 mL of the acid solution? ¢ aaall Jolaa (e

H3P04{aq] -+ BNBOH{E{D - N33P04[aq} + 3H20[l)
0.0075 M O A

0.0025M O B

0.1M O C

for triprotic acid

(M x V) NaOH
- 3 0.200 M O D

volume H3PO4




—
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