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Chemical Reactions of Acids

Hlooill axluousd] cillelail

Jaleill crtlels

Neutralization Reactions

Acid + Base — Salt + Water

HCl(aq) + NaOH(aq) =
NaCl(aq) + H,0(1)

abhunill cililall en
With Active Metals

Hydrogen
gas (H,) is
released

jl& aclni
+29)21gll
(H,)

/'P"
g

Zn(s) + 2HCl(aq) =
ZnCly(aq) + Hz(g)

\

(

-

Carbon |

dioxide gas -
(COz)is ()
released —&=

\

Laglguall Lo
Geology Test

2HCl(aq) + CaCO3(s) =
CaCly(aq) + H,0(1) + CO4(g)




[ Summary of Properties of Bases ]

Aqueous solution of bases
has bitter taste

Dilute aqueous solutions of

bases feel slippery

", Bases react with acids to produce
) salt and water

Example: =
NaOH(aq) + HCl@aq)—// =
NaCl(aq) + HyO0()

479, Bases change the color of acid- base\\
¢ ) indicators (Turn red litmus paper blue

" phenolpithaemen pinky " aiivie o0 o
phenolphthalein pink and methyl orange yellow

|_'
-\|

) Bases react with acids to produce
/ salt and water Y

Example:
NaOHagq) + HCl@q) — g—»
NaCl(aq) + H20(1)

Bases conduct electric current. Some \
bases completely separate into ions in wat
and are strong electrolytes while others
are weak electrolytes )

[er



‘ (el Jomgill = Lol = Gualll = Cadl€l o Wil — 33l )actsilly (alealf] Jullase ailiad 33a;

Which of the following are properties of basic solutions? el Jdladl pailad e S Les

E3
s a8

Taste sour eNGulY O A

Cause blue litmus paper to turn red e sl (A 35 el gL 35 Jgad O B
React with zinc to produce hydrogen gas Oinguel e Y Guaall ae Jelis O C

Taste bitter and feel slippery ouldl iy gl 32 ) D
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(LS Jogidl — @l — ualell — Cadol gl e W51 — @ldall )aclgdlly (oYl Jdlxe asbas susy

What property does the experiment describe 4 il et Al Aualill L
in the picture below? 2olial 3 ) guall S

saslel O A

Taste sour

ealdl gl (355 ol (A uadll O B

Change in the colour of litmus paper

The ability to conduct electricity S Jona O C

e Q D

Feel slippery

YOUSEF SARYRAH



When hydrochloric acid HCl,,, reacts with e HClag) i) slS g s0el) pana Jeldiy Ladie
zinc metal Zn, , the formed'gas is ........cc.coees. siiiiann. 9 OeSiadl el ¢ Zngg) pmalall 38

hydrogen G gouedl O A
nitrogen s O B
carbon dioxide O sl B O C

carbon monoxide seNlasidd O D

YOUSEF SARYRAH 7



Which of the following chemical reactions represents the reaction geologistz
use to detect limestone?

NaHCO, + CH,COOH —— CH,COONa + CO, +H,O A

Cu + 4HNO; —— Cu(NO;), + 2H,0 + 2NO, D

: : . ¥ d . : : N
Which of the following chemical equations represents the reaction of acids with metal

hydrogen carbonates?

Zn + 2HCl —— ZnCl, + H, B

Na,CO; + 2HCl — 2NaCl + CO, +H,O C

YOUSEF SARYRAH 8




Litmus paper is blue when

055 Ledie (331 (ealll L5 38 55 )
the H* concentration in the solution is

...................................... Jsladl 3 HY 365
equals OH" concentration OH" 38 5 (5 5l O A
equals zero sasis O B

less than OH- concentration OH" 3K 5 (s Sl O C

more than OH" concentration OH" 3£ 5 5 JSI O D

YOUSEF SARYRAH



Which of the following is a property of faclgdl Jllas jailad (e 4:,(._. Lae é‘

basic solutions?

React with metal carbonates to produce carbon OsSll s U Hle Y ablall Glig S ae Jelis
dioxide (CO,) gas (CO,)
React with metals like zinc to produce hydrogen Ceagongdl e 21 Gua)lall Jia Gl xe Je i
gas

Taste bitter and feel slippery oealall dalyg 3laall 55a

Taste sour g3V lgasks

YOUSEF SARYRAH 10



HYDRONIUM (H,0") AND HYDROXIDE (OH") IONS

» self-ionization, water molecules react to form a hydronium
ion and a hydroxide ion. Equal concentration

Pure water produces equal numbers of H* ions and OH- ions in a process called self-ionization, in
which water molecules react to form a hydronium ion (H,0*) and a hydroxide ion (OH").

H,O() + H,0() = H30%(aq) + OH™(aq) \‘ \«é
Water molecules Hydronium ion Hydroxide ion -

* The symbols H" and H;0™ can be used interchangeably, as this simplified self-
ionization equation shows.

H,0(l) = H*(aq) + OH(aq)




— |

SOLUTIONS

Acidic solution

Neutral solution

'

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

[H*] > [OH]

l

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

[H*] = [OH]

\

Basic solution

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

[OH] > [H"]




Which of the following is correct?

In basic solution [H7] > [OH7]

|
[H] > [OH] GsS el sl U b

,_I

In acidic solution [H'] < [OH]

W
[H] < [OH] 05 naall Jyl 1 3

I

In neutral solution [H*] > [OH7]

|
[H] > [OH] QS Jdolaall Jgl: A

o

In acidic solution [H'] > [OH7]

YOUSEF SARYRAH 13



The figure below describes the change in the gy cangrigl ciliod 3 e obial JSAN Ciaay

concentration of hydrogen ions and hydroxide ions with ¢ ,,_,.a'h Ll gt & 5h sy suu gl

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

1 2 3

1 is a basic solution Geliyhadal O A
2 is a basic solution LY dw2 O B
3 is an acidic solution Giaes Y glae By 3 O | C

1 is an acidic solution Giiaas Yslaa Jiay 1 O D

YOUSEF SARYRAH 14



1. The Arrhenius Model (summary)

Arrhenius Acid Arrhenius Base
Definition A substance that contains hydrogen A substance that contains a
and ionizes to produce hydrogen ions hydroxide group and dissociates to
in agueous solution. produce a hydroxide ion in aqueous
solution.
Example HCl moleculesionize to form H* Sodium hydroxide (NaOH)

ions, which make the solution acidic | dissolves in water, it dissociates to
produce OH" ions, which make the
solution basic.

HCl(g) — H*(aq) + Cl—(aq) NaOH(s) — Na*(aq) + OH™(aq)




Table 19.1

Some Common Acids

Name Formula
Hydrochloric acid H HCI

Nitric acid HNO,
Sulfuric acid H,SO,
Phosphoric acid | H,;PO,
Ethanoic acid CH,COOH

Carbonic acid

H,CO,

Arrhenius Examples

Some Common Bases

Name Formula
Potassium hydroxide | KOH
Sodium hydroxide NaOH
Calcium hydroxide Ca(OH),
Magnesium hydroxide | Mg(OH),

16



What is the substance that contains hydrogen, and

ionizes to produce hydrogen ions in aqueous solution?

Lewis acid

Lewis base

Arrhenius acid

Arrhenius base

YOUSEF SARYRAH
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2. The Bronsted-Lowry Model

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 substances related to
acceptor base accepts a an acid donates a each other by the
hydrogen ion hydrogen ion donating and accepting
of a single hydrogen ion
I v
HX(aq) + H>O(1) = H:;O " (aq) + X (aq)
Acid Base Conjugate Conjugate
acid base

4

| v
HEF(aq) 4+ H,0(l) = H30%(aq) + F~(aq)

Acid Base Conjugate Conjugate
acid base

)




) Which of the following statements is true for the reaction?
HClug + H2Oqy 2 H3O0%ag + Clag

a. HCl is Bronsted-Lowry acid

b. HCl is the Bronsted-Lowry base

c. H20 is a proton donor

d. HCl is a proton acceptor

) What equation is H20O as a hydrogen ion donor?

a. Hlgpg + HOgy — H3iO g + T g

b. HSO4 (aq) + H20g — HiO' g + SOs (ag)

c. HPO4 gy + b0y 2 H3O g + PO )

d. CsHsNHz@q) + H2Og) 2 CsHsNHi (g + OH (g
YOUSEF SARYRAH 19



) Which of the following statements describes the following equation?
NHiaq + H:0q) 2 NHy' g + OH (ag)
a. H;O is the Bronsted-Lowry base
b. NH: represents Arrhenius acid
¢. NHs is a proton acceptor
d. NHa: represents Bronsted-Lowry acid
5) What are the conjugate pairs in the reaction? HF g + H:Oq 2 H3O (g + F g
a. (HF, H20), (F~, H:O")
b. (HF, F), (H:0, H:O")
c. (H:O%, ), (H:0, HF)
d. (H:0, F), (HF, H:0")
) What are the conjugate pairs in the reaction? NHiuq + H20q 2 NHi'q + OH (ag)
a. (NH4*, H;0), (OH™, NH3)
b. (OH™, NHy"), (H20O, NH3)
c. (NHs3, NH,"), (H,O, OH")

d. (H.O, NHy"), (NHz:, OH) YOUSEF SARVRAH 20



Which of the following is considered a conjugate
H3PO, , HPO,*

acid —base pair?
HNO; , NO3~

H,0 , 0%

H»>SOy , SO42~

€38 ya3acl8 (aas o o) iy (S Laa o

following is correct about to the reaction below?

falal Joliall Apnaily Anas A0 G Al (o)

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

considered as Arrhenius base

O pid ) 3aslE NHy

considered as a Bronsted - Lowry acid

A
$osh = By 4 e H,0 S |y
.C
.D

cepts an electron pair from H.0 Hy0 oo s A 9 Jalnd NH;4
cepts H* ion in the forward reaction ! ol B H* (gl Sl H,0
YOUSEF SARYRAH 21




In the reaction equation below, which of the following

e HX(aq) + H,0(l) =

Crinua b Laa g colial Aalaall Jelis &

H30%(aq) + X~ (aq)

HX is a Bronsted-Lowry base

o8t - iy a0l e HX ying

' H,O is a Bronsted-Lowry acid

G - Ny galeal (e HyO yiing

HX donates a hydrogen ion to water H,O

Ho0 slall (n g 50 (55l HX ey

HX accepts a hydrogen ion from water H,O

H0 slall (s chan gy ¢yl HX Jiie

YOUSEF SARYRAH
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Monoprotic and Polyprotic Acids

Monoprotic Acids Diprotic Acids Triprotic Acids
Definition An acid that can donate only one  Acids that contain two Acids with three
hydrogen ion (H*) ionizable hydrogen atoms hydrogen ions (3H*)
(H*) per molecule to donate
Examples e HCI (Hydrochloric Acid) o H,S0O, (SulfuricAcid) e H;PO,
e HF (Hydrogen Fluoride) e H,CO,(Carbonic Acid) (Phosphoric Acid)
e HCIO, (Perchloric Acid) e H;BO,
e HNO; (Nitric Acid) (Boric Acid)

o CH;COOH Acetic Acid

YOUSEF SARYRAH 23



acid type monoprotic diprotic triprotic
number of hydrogen atoms that can be ionized 1 2 3
number of ionization phases 1 2 3
number of II;O" ions produced by ionization 1 2 3
acid strength strong or weak | strong or weak | weak

s When a strong monoprotic acid ionizes, it produces H;O" and the acid's negative ion
=7
- - <
HvCI(RQ) 2 5 HZOGI) = H30*(_nq) + Crf(aq)

N »
, N
When a weak monoprotic acid is ionizes, it produces H3O", the negative ion of the
acid, and molecules of the weak acid
NG J/

HF(nq) + H,0p 2 m0+(31q) + F(aq)

YOUSEF SARYRAH 24




When a strong diprotic acid ionizes, it produces H;O" and the acid's negative ion

H;_SO-t(nq) * HzO(l) — H30+(aq) T Hso‘i-(ﬂq)
HSO4 .o + H:Oq) 2 H30 (.o + SO g

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

H2C03(aq) + HZO(I) (——) H30+(aq) v HCO3-(aq)
HCOS—(aq) =+ HZO(]) (: 1130+(aq) =+ C032—(nq)

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

H3POs) + H2On 2 H30 () + HoPO4 (ag)
HzPO-i-(aq) + H>0q, Hsof(aq) + HPO42-(aq)

—
HPOs* g + H:0q 2 H:0 g + POs (g
25 YOUSEF SARYRAH



) 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:CHCOOH.q + H20g 2 CH:CHCOOH: ag) + OH (1

b. CH:CHCOOHy + H:Og 2 CH3:CHCOOHug + H3O (ag)

¢. CH;:CH:COOHpug + H2Op @ CH:2CH:2COOHaq) + H3O (g

d. CH:CH:COOHy + H20g 2 CH:CH:COO™ g + H3O'(ag)
') What is the balanced chemical equation for the second ionization of H,SOy in water?
a. HSOys g + H2Ogy 2 H2SOsaq + HiO g

b. HSOs g + H200 2 SO+ g + 20H g

c. HSO4 (aq) + H200, 2 H2SO04aq) + OH (aq)

d. HSO4 3y + H:Og 2 8042—.3.‘) + H30 (aq)
YOUSEF SARYRAH 26



3. The Lewis Model

Lewis Acid

Lewis Base

Definitio
n

An electron-pair acceptor

An acid is an ion or molecule with a vacant atomic
orbital that can accept (share) an electron pair

An electron-pair donor

A base is an ion or molecule with a
lone electron pair that it can donate

(share)

Ht/-i-\::rf:‘ S H—F::

Lewis ac

id Lewis base

acceptor donor

electron-pair

F: H
F—B ‘N—H
I |
:E: H
Lewis acid Lewis base

:F: H
2z | |
—— :F—B—N—H
| |
:E: H

acceptor donor
electron-pair

‘O:
Q= S¢/ to:z

| Lewis base

:Q:

Lewis acid

acceptor donor
electron-pair

27




In the following reaction. Why BF; is considered as Cow sl Jasa BF3 e 13l ¢ Sl Jelall 4

Lewis’s acid?

h
|
T (0 =T
-
Ir—2—I
|
X
-
|
M0 —T
|
re—Z—1T
|
o

Because it ionizes to produce hydrogen ions in aqueous solution Al Jglaall i ca g puell cligl zlmy il (O A

Because it dissociates to produce hydroxide ions in aqueous solution  sLal Jslaall & 1S g jugll gl Uy iy aY () B

Because it donates an electron pairto  NH; molecule NH3 Liga¥) el cilig il 755 ¥ () C

Because it accepts an electron pair from NH; molecule NH; Ui g e il 20 755 Jiius &) D

YOUSEF SARYRAH 28



&) M hich of the following is correct?

1 £ H F: H

}© |
F—B N—H F—B8=—N—H

| | | I

:F: H F: H

NHj(aq) + HOD = NH, *(aq) + OH(aqQ)

a. the ammonia NH; in reaction 2 is a Bronsted-Lowry acid

b. the ammonia NH; in reaction 2 is an electron pair acceptor

c. the ammonia NIH; in reaction 1 is a Lewis base

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

Which of the following is correct about to the reaction below? Tl JP UL Ay fas ADDD) Dl
H* + F- - H-—F:
A. F ion accepts an electron pair iy 5 €33 F G99 ey A

8. F ion is considered as acceptor of hydrogen ion

O i) S Jeliens B el B

C. H* ionis considered as Arrhenius base

O ) sl H' S iy C

D. H' ion donates an electron pair to F-lion

Fos o) Sy SN Ga g sl H' Ol e LD

29



What does NH3 represent in the reaction

below?

Lewis acid

Arrhenius base

Arrhenius acid

Lewis base

Soliaf Jelall & NH3 Jisi 13k

ousl paes

o isa )l Bacld

os 5 )l (aes

uaul pacla



Why does O? represent Lewis's base in the

following reaction?

O
|
O=—un-0:
+
O
i

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,

YOUSEF SARYRAH

¢ G Jelill 8 el 52c18 02 B 13U

SO; e Uiy il Y

SO; M clig s8N (e lag) e i

SO; e il sSN S ling) caliind Y
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What is the similarity between
the following two formulas?

Both are Lewis acids

Both are Arrhenius acids

Both are Arrhenius bases

Both are Lewis bases

fodall Gfeall o 4ndl) 4a g e

:Q:m:é:):
[
@)
M
D
MN— 0 —T

ol paleal L3S O
ol el i lads O

pus i lads )

YOUSEF SARYRAH 32



Regarding the substances in the table below. Srnaa b Laa (gl Lolial Joand) 3 olaally Blass Lok

Which of the following is correct?

R AR saldl o)
Chemical formula Substance Number
NaOH padgeall 1Sy )0 {
Sodium hydroxide
Ligal!
NH — 2
Ammonia
BF, Ososdl 258 A0 3
Boron ftrifluoride
AR|
H,0 4
Water
The substance 2 is an Arrhenius bases esian)) 2ol e 335 2 A8 L))
The substance 1 is a Brensted-Lowry bases Sl — Dy y el e a1 A ol
The substance 4 is a Lewis acids ol palaal (e a5 4 ) 50l
The substance 3 is a Lewis acids el palaal (e 583 3 3, 5L

YOUSEF SARYRAH 33



Lesson 2 : Strengths of Acids and Bases
Strength of Acids and Bases depends on the degree of ionization.

In solution, strong acids ionize completely, but weak acids partially.

Table 18.3

lonization Equations

Strong Acids

Hydrofluoric

HCl —» H+ + ClI-

Hydrochloric

Hydroiodic Hl — H* + |- Acetic

Perchloric HCIO4 — H* + ClO4—

Nitric HNO; — H* + NO3~ Carbonic

Sulfuric H,SO4 — H* + HSO4~

Hydrosulfuric

Hypochlorous

Interactive Table Explore ioniza-
tion equations at glencoe.com.

Weak Acids

lonization Equations

HF = H* + F~

HC;H30; = H+ + C5H30,~
H,S = H* + HS~
H,CO3 = H* + HCO3~
HCIO = H* + ClO-

1

- HCl is a strong acid, why?

1. It's completely ionized (HCI > H* + CI)

2. It's strong electrolyte, the light glows brightly
- The species presented in this solution are

- H'+ CI" only

ﬂYOUSEF S/

- Acetic acid is a weak acid, why?

1. It's partially ionized produce fewer ions

2.

It's weak electrolyte, the light is dim
- The species presented in this solution are

HC,H,0,, H" & C,H,0,

 p




1 2

a. the light glows brightly in 2 because HCl is a strong acid
b. the light is dim in 1 because CH3COOH is a strong acid
¢. the lamp glows brightly in 2 because HCl ionizes only partially

d. the light is dim in 1 because CH3COOH ionizes completely

YOUSEF SARYRAH 35



Why is the glow of lights (1 and 2) different in
the picture below?

olial 5 ) geall 3 (251 Jopaliaaall ma 5 alisy 13

({2 )

A. Because light | contains a solution that
produces a laree number of 1ons

¥ e S 2 gl Jylae Gyag 1 gheadl OV A

B. Because lamp 2 contains a solution of lower
concentration

SV S Jglae G 2 pleadl Y B

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

Sl i ¥ e a1 plead GV C

D. Because light 2 contains a solution that
produces a large number of 10ons

S pY) Je aS 2e mi Jalae G 2 plaad Y D

YOUSEF SARYRAH 36




v" Strengths of bases :

Strong bases

v are the bases that dissociate completely in an aqueous solution.
v are strong electrolytes

v dissociate completely into ions when dissolved in water

NaOH(s) - Na*(aq) + OH (aq)
Aqueous solutions of strong bases Table 5 Dissociation
are therefore good conductors of electricity. 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*(aq) + OH™(aq)
Ca(OH),(s) — Ca**(aq) + 20H(aq)

Ba(OH),(s) — Ba?*(aq) + 20H(aq)




Which of the following is true about strong base? #ay 5al) saclally Blaiy Lo paaa (b Las

Produces greater H* ions in solution Jslaall & HY @ligl a8 S cilaeS i
It is tastes sour aas Ll (O
Produces fewer OH™ ions in solution Jslaal) 3 OH- gl (e dlli S s O

It dissociates completely Pl JSS e ()

YOUSEF SARYRAH 38



ACID IONIZATION CONSTANTS K,

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.

S S e 4

[H30%] [CN7| g | Numerator

1 [HCN| [H,0] 4—‘Denominator|

The value of K, is an indication of acid strength.

Stronger acid = higher [H;07] =) larger K,

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

39



e Acid ionization constants Ka

. The acid ionization constant

12. Write ionization equations and acid ionization

is the value of the equilibrium constant constant expressions for the following acids.
expression for the ionization of a. HCIO,
a weak acid.

HClO,(aq) + H,0(l) <> H;0%(aq) + ClO,(aq)
HCN(aq) + H,O(I) = H50"(aq) + CN—(aq) o _ OGO,

2 [HCIO,]
[H;0™][CN~]
— = O D & —10 - .
o=y 2% 10 b. HNO,
HNO H,O(l H,O* NO,~

HCOOH (ag) + H,O () = H,0* (ag) + HCOO- (aq) 2(aq) + H,0(l) & H;0%(aq) + NO,(aq)

_ [H;0*][HCOO] )
We know that Ke= "—[HCOOM g — [H30'TINO,7

] [HNO,]

The weakest acids have the smallest Ka _




What is the acid ionization constant of the equation shown
below?

Talidl Aduall Addlaall (ctaad) (b Sl jauad ba

HIO(W + HEU{]}

= H,0% 0 +10

_ [H10][Hz0]

Ka= [Hz0+][10-]

[HIO|

Ka ™ 30710071

__ [H307]107]
® " |HIO||H0]

_ [Hz071107]

K, [HID]

YOUSEF SARYRAH 41




What is the weakest acid among the acids

Solial Jgaall & (alaa¥) G (e Canal) aeall Le

In the table below?

Ka (298 K) acid sl
6.3 x107* HF
6.17 x 107" HCN
1.75:3%107> CH3COOH
177x10* | HCOOH

HF O A
CHsCOOH (O B
HCN O C

HCOOH (O D

YOUSEF SARYRAH 42



What is the correct descending order of the acids in
the table below according to the concentrations of ions

in each solution?

slial Jgaall (8 32 50 gll (alas D maaall (LN Casi il e
flgie JS Jslaa b cili ) 581 0 G

Acll el IomzatloC: tjogjints (K,)
H,S 8.9 x 1078
HF 6.3 x 107*
CH,COOH 1.8 x 1075
H,CO, 4.2 x 1077

CH,COOH —» HF ——» H,CO; — H,S

H;S ——H,CO,

» HF » CH,COOH

H,S —— H,CO3 —— CH,COOH —» HF

HF —— CH3COOH — H2003 — st

43



dipall (amleal) cabisa cpbll Cls jues 40 die KA Ciaeal) (aeal) o0 culs saay

What is the acid ionization constant of the equation shown below? ) Al el paad) K Gl e b
HNO,,, +H,0, SHO,_ +NO,-,_

2(nq) 2 7

K, - (H30*](NO3] O A

(HNO2][H0]

[HNO;]

(H30*][NO3] O B

K, = [HNO;][H20] O C

[H30*][NO3]

K, =

_ [H30"]NOZ]
K=Zmog. O D

YOUSEF SARYRAH 44



What is the weakest acid among the acids in the table below?

a. H>S acid I K.
-4
b. H,CO; HF 6.3x10
H,S 8.9x1078
c. HF
HCN 6.2x1071°
4. HER H,COs 4.5%107

) Which of the following relationships represents the acid ionization constant (K;) in

the following equation? HCOOH.q) + H:Oq) 2 HCOO ag) + H3O (ag)

[HCOO™|[H30%] b K. = [HCOO™|[H307]

[HCOOH] " [HCOOH][H,0]

a. K, =
[HCOOH][H20] d K= [HCOOH][H, 0]

¢. Ka= [HCOO™] [HCOO~|[H307]
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) What is the correct order of the following weak acids in order of their conduction of

electricity?
acid CH;COOH HS™ HCO;3™ HF
K. 1.8x107 1.0x107"° 4.7x1071 6.3x107*

a. least: HF — HCO3;™ — HS™ — CH3COOH most
b. least: HF — CH3:COOH — HCO3;™ — HS most
c. least: CH;COOH — HS ™ — HCO;™ — HF most
d. least: HS™ — HCO3;™ — CH3;COOH — HF most

) If the expression for the equilibrium constant for a reaction is: K, =

What is the balanced equation for the reaction?

a. H:\SO.;Z_ + H,O 2 H:0™+ :\5043_

b. HAsO4 ™ + H,O - H:;:O + AsO4

c. H:0" + AsOs7~ 2 HAsOs + H,O

d. H;O" + AsOs” - HAsO4s + Hb,O

[H307][AsO37]

[HAsOZ7]

YOUSEF SARYRAH

46



Which of the following statements is correct according to Sty (3las Lasd dagaa 4000 <l Ll 6l

the data in the table below? folial J saally 52 505l
Ko (298 K) ECIETE S
lonization equation Acid
b ol el 5 SN
4.5 x 1077 H,CO3; = H* + HCO3~ Js¥1 ol el g )

Carbonic, first ionization

—— HCO3~ = H* + CO3%~ A gl el S0
' Carbonic, second ionization

Carbonic acid is a strong acid because it is a polyprotic Osigodll saie 4l (548 ymen cliigy SI aea O A

The acid in the first ionization is weaker than the acid ) (il 3 (sl (e Canaal J 91 ulal) 3 (aaall O B
in the second ionization

The acid in the second ionization is weaker than the oY) odill g3 paeall (e Canual U ol 8 sl O C
acid in the first ionization

The concentrations of ions produced by the second < ¥ 3815 e Sl BB i) (e A3l 2l Y1 380 55 O D
ionization are greater than the concentrations of ions Ja¥ il e Al
produced by the first ionization
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Weak bases
» 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

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

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

Table 6 lonization Constants of Weak Bases

lonization Equation K, (298 K)

Ethylamine C,HsNH5(aq) + H,0(l) = C,HsNH3 (aq) + OH(aq) 5.0 x 104
Methylamine CH5NH5(aq) + H,0(l) = CH3NH3*(aq) + OH~(aq) 43 x 104
Ammonia NH3(aq) + H;0(l) = NH,;*(aq) + OH (aq) 25x107°

Aniline CeHsNHo(aq) + H,0(l) = CeHsNH5*(aq) + OH—(aq) 43 x 10~
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STRENGTH OF BASES, K;

The equilibrium constant (K,),

: _— | v
provides a quantitative measure CH;NH,(aq) + H,0(I)<= CH,NH,*(aq) + OH(aq)
of the degree of ionization of the base. Base Acid Conjugate Conjugate

| acid base

)

The ionization equation and
equilibrium constant expression for
methylamine in water are as follows.

|[CH3NH;%] [OH ] €== | Numerator

Kb =
[CH 3NH 2] Denominator

> Base lonization Constant K, : The value of the equilibrium constant expression for
» the ionization of a weak base.
» The smaller the value of K,, the weaker the base.




What is the weakest base among the following ¢ A Jgaadl AN 2o ghl) G (e e 320 A La
bases in the table below?

K, (298 K) Base bl
50x10* Ethylamine Csal ot
4.3x10* Methylamine Sl Jilaa
2.5x1073 Ammonia L gl
4.3x10°1° Aniline Caladl

Ethylamine ~ Oxld& () A
Methylamine Ol Jiua OB
Ammonia - O C

Aniline wwi O D
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Which of the following is correct according to the Solial Jaaadl A 53l sclsilly alals Lad gruaa G Laa (]

bases in the table below?

K, (298 K) lonization Equation il dles | Base sxW
2.5x1073 NHs(aq) + HO() = NH4*(aq) + OH (aq) Ammonia L sy
5.0x10°% CHsNH(aq) + HO() = C;HsNH;*(aq) + OH-(aq) Ethylamine ;udl (&)
4.3%10* CH3NH(aq) + H0() = CH3NH;*(ag) + OH(ag) | Methylamine ;! Jfsdl)
4.3x1071° CeHsNH (aq) + H 0D = C4HsNH3*(aq) + OH (aq) Aniline ;»l.ﬁ“l'

Ethylamine solution produces the maximum number Sl e 23 el Gaal Ui Jylae =
of ions
Ammonia solution produces the maximum number Sl e 230 aall Ligal) Jolas miih
of ions

Methylamine solution contains higher concentrations of s cilidall e 5815 el e el Jludl Jolaa gy

the un-ionized molecules Lugall

Aniline solution contains lower concentrations of the Lugall He Slil e 5S15 J e s Jlaa SEag

un—ionized molecules
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Revision Questions

i adif)ley

* Write ionization equations and base ionization constant expressions for the
following bases.kb

a. hexylamine ( C;H,5NH, ) [C.H,,NH.*][OH]

Ko = C AN,

CcH,sNH, + H,0 = C,HysNH,* + OH-

b. carbonate ion (CO,2") 'HCO,"|[oH
_ 3 [[OR7]

Kp = [CO,7]

CO,% + H,0 = HCO, + OH-

c. hydrogen sulfite ion (HSO;")
_[H,5057Ji0H7
HSO, + H,0 = H,50; + OH % = IA50, 7]

52



ACID STRENGTH AND THE BRONSTED-LOWRY MODEL:

| l X . _
HX(aq) + H,0(l) — H;0*(aq) + X—(aq) H,O is stronger base than X
HX: Strong Acid Acid Base Conjugate Conjugate | ® The forward reaction is favored
acid base o
A * HX will ionize completely
* HX is a strong acid

| Y

Y- is stronger base than H,O

HY: Weak Acid HY(aq) + H,0() = H30*(aq) + Y~ (aq)

The reverse reaction is favored

Acid  Base  Conjugate Conjugate
acid base

HY will ionize partially

Hy is a weak acid

|
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STRENGTH OF BASES

Weak Baes: ionizes only partially in dilute aqueous solutions.

Example: CH;NH, (Methylamine) | T,
CH;NH»(aq) + H,O(l)=>CH;3;NH;%(aq) + OH(aq)
Base Acid Conjugate Conjugate
acid base
A

* The hydroxide ion (OH") has a greater attraction for a hydrogen ion (H*) than
methylamine (CH;NH,).

This equilibrium lies to the left ( € ) because the base, CH;NH.,, is
weak and the conjugate base, OH- ion, is strong.

 Weak Bases: ionizes only partially in dilute aqueous solutions.
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Regarding the two reactions (1) , (2) in the table

below. Which of the following is correct?

o Laa ol lial Jsaall 43 (2) 5 (1) Oalelially Blaty Lo
?@ma

Reaction (2) Jelll

Reaction (1) Jelaill

HY(aq) + H,O(l) = H30%(aq) + Y~ (aq)

HX(aq) + H,0(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

Hy0 saclall oY cpaadl () Ly 55 S olall o) 3 4sy (1) Jeliall 3
X dacll) aShias L H* oY dauailly 53 8l Lds llis

H0 el o jluadl ) T 5 4IS ool ) 350 4ads (1) Jelial &
X saclill a8k Laa H* 0¥ duailly 530 €1 Lds allias

Y™ 4@ el sae il oY Sladl ) fase i o) 350 4a3y (2) Jelaall
H,0 sxcldll o Sl HY o Las dllia

Y el saclill 0 cpadl N e (a1 o) 39 40 (2) Jelitl i
H,0 52l (g J8l HY 0o Los el

YOUSEF SARYRAH
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he following statements is correct about the
hown below?

Pals) Jo Uil Andlly Aauaua 4D & lall l.f;

CH3NH,(aq) + H,0() = CH3NH3;*(aq) + OH(aq)

Se CH;NH, is weak and the conjugate base OH' is strong st OH 4B 55 5 Adads CH3NH, sl !—_
S€ CH;NH; is strong and the conjugate base OH is weak ddaus OH' AR yal 3ol g 4 g8 CHNH, 50 B

n has lowest attraction for H* ion than has a CH3NH; #5 > ASlias Laa J81 H* (1Y Uia i OH 0ssl .C
Ile of CH;NH,

uilibrium lies far to the right Ol () o OV 435 D

Which of the following statements is correct about the reaction
shown below?

Tolil J UL Ageaidy 4t 4D ) AmD 45

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

A. The acid HC;H,0; is strong and the conjugate base C;H;0, is weak

s CH0; 4B 50 5 5 8 paas HGHL0; (A

B. The base C;H,0; is weak than H,0 base

H,0 W Su windl C,H;0, 3=W) B

C. The conjugate base C;H;0, has greater attraction for H* ion
than does the base H;O

ASEG L 5 g HY O i L H0, AR el €
H,0 ssldd

D. The equilibrium lies far to the right

Osadd Ay O A3% D

YOUSEF SARYRAH
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(@3 yall Lgiiaan g Bac 8l 5489 438 yall Alacldy (yaaald) 548 (yu A8Mall Cajaty

Which of the following is true according to the £ Jelilly Glaty Lad uana b Laa g
following reaction?
HC2H302(aq) +H20(l) = C2H30£(aq) +H30;q

H,O base has a greater attraction for the H* ion than does H* o5l Gaa Ho0 sacldll ellics O A
the base C;H:0, C,H30, % el ye )_‘g
Conjugate base CoH30, is weaker than H,O base H,0 saeldll (o Cinaal CoH30, il yall s2clll O B
The ionization equilibrium lies far to the left Sladl ) il ) 530 andy O C

The ionization equilibrium lies far to the right cpadl I ol o) 580 asdy Q D
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Which of the following is NOT true according to the following Al Joldilly iy Lah runia 8 (L Laa

reaction?

HClaq) + H;00) = H30fyq) + Clgg

Conjugate base CI is weaker than HyO base ~ Hz0 sl (e Cinal C &yl 3l O A

The ionization equilibrium lies far to the right padl ol gy O B
The ionization equilibrium lies far to the left Sl Sl giay O C
H20 base has a greater attraction for the H* ion H o5 bis HyOsclill i O D

than does the base CI Cl 5@l (ya S
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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) = H40*(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.

YYYYYYYYYYYYYYY



éﬂ)d\ \g...h.ssj a.c (&) :E,SJ aﬁ‘)‘d‘ 43&\3_, u'a&l\ §,§ Cas "y el - gt

Which of the following is the conjugate acid INH; Ll soclall G 5a paas b L
of the weak base NH3?

NH;, O A
NHi O B
NH, o C

NHg O D
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& THE WATER IONIZATION CONSTANT (K,) 0 0 (]

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

Pure water contains equal concentrations of H* and OH

ions.
[ H,0() @ H'qg) + OH (g J

B Ed XX

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 | = i} ]
= [H*][OH ] 1 x 10-14 (at 25°C) | J

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

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




SELF-IONIZATION OF WATER

THE RELATIONSHIP:
[H*] vs. [OH]

+ OH'(gg)

..b+0

H,0*  OH-

2 H,0

Pure water naturally auto-ionizes
into hydronium (H,0*) and
hydroxide (OH) ions in equal
amounts. This process is
dynamic equilibrium.

R

UNDERSTANDING THE
K, CONSTANT
(K -[H“1[0Hl|

@’ Value at 25°C: 1 x 10°14

In dilute solutions, K,, remains
constant, even when acids or
bases are added.

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

ADDING Seesaw tilts: [H*] 1
ACID

and [OH] |
[ H0p =TH oy § OHiyy |
rll'l'lreactswithOH’to J
form water.

| IH*] becomes > [OH] |
Range for H* is > 107M,e.g., 10°M

[H*] x [OH']
is always constant (K,,)

e Seesaw tilts:
ADDING [OH] 1 and [HY] |
BASE Shift (Basic)

[ H0p = TH ) OH
97_@ e
lbecomwlﬂ‘l

RangefocOH i5>107M,eg., 104M

An increase in one ion causes a
decrease in the other. This is an

\ inverse relationship.




' types of solutions I
l acidic l neutral l basic
1 1 |
l [H'] > [OH7] I l [H*] = [OHT] I l [OH7] > [H'] l
] 1 1
\ [H] > 1x1077 mol/L ll [H7] = [OH7] = 1x1077 mol/LL Il [OH7] > 1x1077 mol/LL l

....... : o ——— . T

—

pap——— =

Ai:id—Base Concentrations in Solutions

10" |~

g p—

3 —

o) o

E =

s 10

E L

c

8 —

c -

o

o C
10

[H*] > (o1 [H'] = [OH] [H°] < [OH]

acidic neutral basic YOUSEF SARYRAH 63
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In the self-ionization reaction of water shown below. a0y 13) Gaaay 13le olial muagall olall 1A B Jelis A
Whal happens if the concentration of H" ions SH' Caag gl cilisd 385

increases?

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

The concentration of OH™ ions increases O30 Ky A8 35 OH 0y jugll il 585 sl
and K, value does not change =
The concentration of OH™ ions decreases suad 090 Ky el Lady OH S jugll ciligdl 55 S

and K, value does not change

The concentration of OH™ ions increases Ky iad 325 OH™ 2S5 gl ciligd 355 sa

and K, value increases

The concentration of OH™ ions decreases K,y dad 5y OH S nugll ciligd 585 G

and K, value decreases

TUUDLT DARIRAN
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What is the ion concentration H* of an aqueous
solution that has [OH™] = 1.0 x 107°M?

Kv=1.0x 1074

il g3 L Sy Y ol 3 50
f(OH] = 1.0 X 10-*M

10x10°*M O A

1.0x10°""M O B

10x100’M O €
10x10°M O D
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What is the value of [0H"] of an aqueous solution  ¢298K s= [H*]= 1.0 X 10 3Muwi o & e Jsdaal [OH] 2usi
that have [H*]=1.0 x 10" 3M at 298K?

1.0x10°8 4 O A
1.0x1073 M O B
1.0x107% M 0|

1.0X10° - M O D
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) What is the value of [OH] in a solution whose concentration of H" is 4 x 107~ M?
a.2.5x 107" M

b.1x 107 M

c.2.5%x107M

d. 1 x 107" M

) If the concentration of H" ions decreases in an aqueous solution, what must happen

to the concentration of OH™ ions at a constant temperature? And what's the reason?

~ -

choice [OH™] the reason
decrease Ky change
b. decrease K, no change
C. increase Kw change
d. increase Kw no change




APPLICATIONS

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.

(3 [H*]=1.0 x 10733M  (€)[OH"] = 1.0 x 10—*M
(B) [OH-]1= 1.0 x 10-'M  d. [H*] = 4.0 x 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 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 ¢. [OH] = 1.0x10-M
solution is acidic, basic, or neutral. 4 "
4 1.0x10-3M K =[H")[OH ] 23 Challenge Calculate the number of H- ions and the
o [F]=10d0° 1.0x10™ =[H"](1.0x10™) number of OH- ions in 300 mL of pure water at
K, =Hrjiom) LOX10™  [H*)(1.0x10™) RE
1.0x107™" =(1.0x10™)[0H) LOx10°  1.0x10~ At298 K, [H']=[OH |=1.0x10"M
L0x10™  (1.0x10™)[OH ) >y -1 1.0x10"mad 1L
Lx10™  Lox10™® BRI 4 Mol H* =——— "% %300 mL
) & [OH™] >[H"], the solution is basic. 1L 1000 mL
[OH]=1.0x10" M &, [H] = 40x10M =3.0x10"° mol
[OH"]>[H"], the solution is basic. e B
3.0x10~ mol H* lonsx6'02xm H' ions
b. [OH] = 1.0x10-7M K_=[H"][OH] : 1 mold (1 %
K_=[H'][OH] 1.0x10™ =(4.0x10%)[OH ] ~1.8x189H" ions
LOXI0™  [H'J1.0x107) LOx10™  (4.0x10°)[OH ) Number of H = number of OH"
10x107  L0x107 1.0x10* 4.0x10°* =1.8x101ons

H]=1.0x10"M [OH |=25x10"M
[OH™|=[H"], the solution is netural. [H"]>[OH"], the solution is acidic.

‘OUSEF SARYRAH
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pH and pOH

[ 2 ] [ pH = —log [H'] ]

L e et ofkydrosde o comertion.
5[ eom-tegiom |

[ What is the relationship between pH and pOH? ]

[4,} [ pH + pOH = 14 ] [ 208k

[ pH, pOH have no units J
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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 10-6 M P"=osloH]

pOH = -1og(1.0 x 107°) \,
=={(=6)

1pog:
L R

@

(7 N 5
aB
o8
(G -

'Problem 7: Calculator pOH )

pOH =6

|

What is the pOH value of the solution that
has: [OH] =6.5x104 M, at 298 K?

[ ] pOH =-log(6.5x 107
g2l log(6.5x107%) —-3.187...

pOH 3.19 (rounded for — 3. 18
sig figs)

L

‘Problem 8: From H* to pOH

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

= -log(2.5%107%) = 1.6
pH 22, bOH =14-1.6 =12.4

POH = 12.4 (rounded)

Method B: Find [OH"], then pOH
[H*] e *>[OH] = (1.0%x107'4)/) =4.0x107* M

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

pH + pOH = 14.00 (at 298 K) |

o

[ pOH = -log[OH"]

| pH=-log[H*] K, =[H*][OH]=1.0x10"" |




THE RELATIONSHIP BETWEEN pH, pOH, [H"], [OH"]

[H*] 1 162 162 10 10* 10°% 10°% 107 100 10° 10 10" 107> 107" 107
pH 0 1 2 3 4 5 6 ¥ 4 8 s} 10 11 12 13 14

pOH 14 13 12 11 10 S 8 7 £ 6 5 4 3 2 1 0
[OH] 10" 10" 10"? 10'1 105/ 1022—10¢f L a0 74 1™ 1024 10* 102 102 10' 1
f TEACHER
YOUSEF SARAYRAH
ﬁ

Increasing
_———e————

Increasing
h acidity

@
w ' Types of Solutions I oG

: ; ; OO
' Acidic I ‘GD" ' Neutral I e N ' Basic |
pH |
0‘
' [H"] > [OH] | ' [H*] = [OH7] I ' [OH™] > [H*] |

I

' [H*] > 1x107 mol/L I ' [H'] = [OH] = 1x107 mol/L l [OH"] > 1x107 mol/L I
'pH<7|| pH < pOH l' pH=pOH =7 'pH>7|' pH > pOH |




APPLICATIONS

24. Calculate the pH of solutions having the following ion concentrations
at 298 K. = ~L9CHY]

a. [H] =1.0 x 10=2M 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

@. (wge Calculate the pH of a solution having
[OH-] 2 8.2 x 1075M. @
@ v

foll = -li](:oﬂ']z.lo (Y‘alo"‘) CHﬂCO‘f'l’ L X (o
- & s

-

.- -4
Pd + Poll = 'Y Ny et 2.29ls
By = 1y ol = 14 —5.08 = hziyxis™

= ' | W - LogCHtl = - (‘-LLX‘;Q)- |
(F7-%1). g pi =é§5_?:f;

(L~
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EXAMPLE 3

CALCULATE pOH AND pH FROM [OH™] In Figure 16, a cow s 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 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 1073M. Calculate the pOH and pH of a cleaner at 298 K.

El SOLVE FOR THE UNKNOWN

pOH = —log [OH™] State the equation for pOH.
A== ————
pOH = —log (4.0 x 1079) Substitute [OH™] = 4.0 X 10~3M.

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

pH + pOH = (4.00 ) State the equation that relates
pH and pOH.
@ = 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. l/

— -

YOUSEF SARYRAH
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EXAMPLE 4

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— 3M A calculator shows that the antilog of —7.40 is 4.0 x 1075,

:;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.

ngH = 14.00 — 7.40 = 6.60 Substitute pH = 7.40.

JpOH = —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.
%IOH"] =2.5x 107'M. A calculator shows that the antilog of —6.60 is 2.5 x 10~".

et o
The concentration of OH~ ions in the blood is 2.5 x 10-7M.
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. , By TEACHER YOUSEF SARAYRAH U -
Which of the following substances has the highest TPOH @ desd el g 4B Slgall 5

pOH value?

Solution A A Jgl>=xs | Solution C C Jgloxs | Solution B B Jgl>s | Solution D D Jglxs

[OH™] = 0.000033M pH = 10.50 [H*] = 0.0095M | [OH"] = 0.000033M
A. SolutionA | Adix O A
B. SolutonB | Bdg¢= (O B
@ SolutionC | Cde=e O C

D. SolutionD | Ddg¢=s O D
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Link between acidity and alkalinity of aqueous solutions and the C’Us-li j_ést_g dislll ol &z.mlég duans (30 bay

concentration of hydrogen and hydroxide ions at 25°C or 298 K K 298 i 25°C wic aawSgyouglly pu>gyougll
Which of the following substances has the highest [OH]? S[OHJ daud Llel Lg) a@I olgall &l
D Jglow C Jol>o B Jgl>wo A Jol>wo
Solution D Solution C Solution B Solution A
[Ht] = 2.5 x 1072M [OH"] = 4.0 x 1073M pH = 7.40 pOH = 5.60

Solution A Ade> () A
Solution B B (O B
Solution C Cdsl () C

Solution D Ddsk~ () D
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Which is the correct arrangement according to 3(Y) 3 (X) Jftaall pOH Aad wiea muanall 530 lalll i 30 La
the pOH values of the solutions (X), (Y), and (Z) AR paladdl S (2)
which have the following characteristic?

(X):pH = 10.5

(Y): [H*] = 10722

(Z): [OH"] = 107°

A. gowest) (Y) = (X) = (Z)mighest) () (Z) « (X) « (¥) g .A
B. (lowest) (X) = (Y) = (Z)mighest) (e (Z) « (Y) « (X) om .B
C. lowest) (Z) = (X) = (¥) mighest) ) (¥) « (X) « (Z) om .C
D. lowest) (X) = (Z) — (Y )(nighest) () (¥) « (Z) « (X) (n.D
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(CALCULATION OF [H*] AND [OH] FROM pH AND pOH)

ORE:: [H*]] = 10-PX )
S
e©
What is the value of [H*] for milk with pH = 6.5? @Qﬁ
] 2
a.1x108M O ﬂ@
b.1x107M O

c.3.16 x10°8M O
d.3.16 x 107 M O
What is the value of [H*] for lemon juice with pOH = 11.67
a.251x102Mm O
b.3.98 x103M O
c.2.51x103M O

d.398x102M O At 25°C (298 K) < e ©F



What is the value of [OH™]in the Lemon juice at 298 K 298 K aie (ysalll juac & [OH7] 4ed e

Osadlll juac
By Teacher Yousef Sarayrah Ler::n zju:e
1.0x10711 M O 4
1.0x1072 M s
1.0x107% M 5 "

1.0x107¥ M O -
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- #% GRADE 12 ADVANCED CHEMISTRY :

PROBLEM 1: MAGNESIA SOLUTION pOH = 3.5
What is the value of [OH7]
for this solution?
Step 1: pOH = -log[OH™] > [OH"] =107P%H
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: |/
[OH] = 3x10 M L/

(c from original is the unrounded calculator value)

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

for this solution?
Step 1: Formula: pH + pOH =14.00
Step 2: Find pOH: pOH=14.00-11.9=2.1
Step 3: Substitution [OH"] = 10721
Step 4: Calculator Value [OH] = 7.94 X 103 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%" pH = —log[H*] pOH = —log[OH"]

pH + pOH = 14.00 ESSENTIAL CHEMISTRY FORMULAS



E GUIDED SOLUTION: CALCULATING ACID DISSOCIATION CONSTANT (Ka)jj R

=

PROBLEM STATEMENT:
What is the value of K, for a 0.0400 M solution of acid HCIO,?

i - 2
With pH=1.80" FORMULA TO USE

K, 4ad Lo

£0.0400 M 23S 55 HCIO, siaes J slaal K 4as8 Lo

¢pH=1.80 ¢

(" T
(10-pH)2 —r— M= Initial Molar Concentration (0.0400 M)
Ka = _ —— pH = Solution pH (1.80)
I M —10"PH Ka = Acid Dissociation Constant J
i STEP-BY-STEP CALCULATION |(MATCHING THE ANSWER:
@.Fomulasllbstimﬁon )@}C‘omnonent(:alwlaﬁo@ 3  Final Division O 5.8x 1073
Substitute Known Values Calculate Parts SolveforK, || ...+ E— e
802 ~1.80. __ (0.0158) _; 2 <CORRECT
e LT => Cal+culate 1 K@= 50400 —0.0158 ®IOXIO .......
0.0400 — 10180 [H*] = 0.0158 M ~ 0.00025 O 2.6x 10
«—ﬂ% = ’:{a = 70.0242 5 :
L = =0.0103... o
| Ll Ka = 1.0 x 102 O 4.9%107

(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

‘ A] 2 3 YOUSEF SARAYRAH )€°




Calculate the Acid lonization 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,=76%10"°
Choice -B K: =63 %10
Choice -C K,=99x10°
Choice -D K,=48x10"*

SOLUTION OVERVIEW

1. Identify Knowns: [HF],iti = 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, = - JLF]
[HF]q
2
5. Final Calculation: K, ~ (222299 _ ¢ 95 x 104

0.00701

MATCHING THE CALCULATION, THE
CORREC /
ANSWERICORRECT OPTION IS CHOICE -B y .

(rounded to two significant figures).
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If you are given an acid solution 0.20 M, POH = 9.37 ;0.20 M 23€5 Laas Jslae ;Lgn:_i 13

pOH = 9.37 What is this acid formula? ¢ sasall 134 diua W

Ka (298 K) ) diges

Acid formula

6.3x107 HF

6.2x1071° HCN

1.8x107 CH;COOH

2.8x10 HBroO

YYYYYYYYYYYYYYY



What is the value of K, of 0.200 M solution of
hypobromous acid HBrO , pH =4.63?

30.200 M )5 5 HBrO Jpspmp aan Jyiadl K, 4ad b
'pH=4.63

HBrO

(aq)

+HO(,)_,H+ + BrO- -

K.=2.25x107"

K.=3.60x 10"

Ka=2.74x 1077

O O W »r

K,=2.98 x 1077
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[ NEUTRALIZATION REACTIONS AND TITRATION GUIDE J

[

The neutralization reaction is a type of double =%

replacement reaction.

=3

HCl(aq) + NaOH(aq) =) NaCl(aq) o HzOm ;

’ ot

Ionic Existence: These exist as ions in solution:

acid + base — salt + water

HX + YOH — XY + H,0

J | Hi(oq) + Cliug + Na'(pq) + OH'(uq) — Na'(oq) + Cligq) + H;0p

Spectator Ions Identification: Na* and Cl-are =~

x spectator ions. )
A % A, | - : |
ZHCl(aq) + MS(OH)z(a Q = MgClz(a Q)+ zﬂzom | | ! 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 3
(b symptoms by neutralgizing the titratation solution point | strongacid | weakacid H30%(4q) + OH (oq) — 2H;0y, )
_ acdic solutiopinthestorach. -0 strong base neutral (pH = 7) | basic (pH > 7) To find the concentration of an acid
solution we titrate the acid solution with
i ) weak base acidic (pH<7) | no titration a base solution of known concentration.
A neutralization reaction occurs = e
5 when Mg(OH), reacts with a ] To find the concentration of the base
solutiongo(f ngzacid, o':(’p CURATED & DESIGNED BY: on‘ solution we titrate the base solution with |
e J YOUSEF SARAYRAH | anacid solution of known concentration.




CHEMISTRY: GRADE 12 ADVANCED

'POSTER BY TEACHER YOUSEF SARAYTAH |

—1 H NEUTRALIZATION . | (/= NET IONIC @
ﬂ E, PRODUCT T @ EQUATION X @ @Spﬁﬂﬂ\‘,’sﬁs'o"
IDENTIFICATION A | DERIVATION .

1) What substances are 2) What is the net ionic 3) What are the spectator ions
produced in the neutralization equation for the reaction of produced by neutralizing
reaction of KOH,, and HCl ,)? HNO; with KOH? Ja“eg’ HCI with Mg(OH),?

KH(aq) + HCIO(aq) H30+(aq) + OH-(aq) - 2H20(|) A' @0 H*, OH"

Do CIrg) + KH,0% o [Do K+ OH g = KOH 9o H*,CF

©o H,0" (aq) ¥ KC'(aq) @Qﬁ) H+(aq) X No?f(aq) =2 HN03(aq) ©o M92+v OH

&)
+ | ©-@ -.
‘ HZO(” KC|(3‘|) O K+(aQ) T N03-(aq) = KNO3(q) | d]o Mg, CI |

7,

REVIEW MATERIAL - GRADE 12 ADVANCED 87
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TITRATION APPARATUS & METHOD

An acid-base
titration needs an
indicator which
detect the
equivalence point
of titration, and it
indicates the end of

the neutralization Titrant Volume at each St N d
reaction. addiion. _ Bar |
6. Spot the equivalence point \ |
10- from the pH change. - gt
— ——-—
h =
T e Equivalence
iy . point
3, ™ End Point
5 i (Indicator change)
Titrant Volume

METHOD

1. Set up apparatus.
Measure is filled with titrant.

2. Measure Initial pH Analyte.

3. Calibrate pH meter.

Calibrate one pH meter.
(potentiometric titration only)

4, Slowly add Titrant from
Burette. at at addition.

5. Measure and record pH and beaker

burette —

pH meter —
pH during
titration =

BY: YOUSEF SARAYRAH

B

Wl electrode

Titrant : is a standard
solution with known
concentration.

equivalence point,
which is the point at
which moles of H* ion
from the acid equal
moles of OH" ion from
the base.

the indicator changes
color and this is called
the end point.




Jis

HYHAVHYS 43SN0A -A9 V

TYPES OF ACIDS & BASES
ACIDS s
» STRONG ACIDS
(e.g., HCI, H2804, HN03)
Complete dissociation in
water.
 WEAK ACIDS

(e.g., CH;COOH, HF):

Partial dissociation.

BASES

« STRONG BASES

(e.g., NaOH, KOH):

Complete dissociation.

» WEAK BASES

(e.g., NH3, N(CH3)3)
Partial reaction with water.

E TYPES OF TITRATION CURVES, ACIDS & BASES,

TITRATION CURVES & END POINTS

Strong Acid titrated

L with Strong Base

9

[ Phenolphthalein

pH ~7
| Equivalence/
. End Point

Strong Acid, Base
(e.g., Acid + Strong Base)

Weak Base
with Strong Acid
10
8
H 6 ....................
; 4 Equwalencel
. End Point
2 ;
0 H
Strong Acid + Weak
Weak Base

(e.g., Methyl Red choice)

10
8.8
pH 7
4

0

Weak Acid titrated

with Strong Base

Phenolphthalein

- pH>7
- Equivalence/
- End Point

Weak + Strong Base

(e.g., Phenolphthalein choice)

‘Weak Base

~ with Weak Base

X

£ End Point
. difficult to
detect visually

I Cresol res
B Thym

B Bromphenol bive

B Methyl orange

S Bromaesol green

Methyl red
W 2romaresol purple

S Bromthymol blue
B Phenol red

88



50.0 mL 0.100M HCI Titrated 50.00 mL 0.1000M HCOOH Titrated

with 0.100M NaOH with 0.1000M NaOH
10 r 10
8 g Equivalence
,. = point j
6 i — 6
Equivalence ]
point /--_---"’"'t_
4 4 4
2 2
0 r— 0
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70

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

12

10

0 10 20

30

G Jalad) Jo il Gslial) Baclll- (aanl) CAAS La

Colial prdaga dljlaa iaia

40 =0 &0

Volume of titrant (mL)

A. Phenolphthalein (range 8.2-10)

(8.2-10 »laa) (pilialgunal) LA

B. Methyl red( range 4.2-6.2)

(4.2-6.2 slxa) Jiial) ) .B

C. Methyl orange( range 3.2-4.5)

(3-2-4.5 slag) il Sl .C

D. Bromcresol purple( range 5.1-6.8)

(6.8—5.1::‘44) ‘éa.ua.u JJJjJS}‘JJi .D




In relation to the titration curve and indicators table below. Ul Lol gSUl Jguzrg B plaad! sy @lat Losd

Which of the following is incorrect? Trame e e gl

MEY Aid
Equivalence

9 point pH, 8.72
a8
= 7
&) ol Gl gl TS -
Methyl orange | Phenolphthalein Indicator 3
3.1-4.2 8.0-10.0 LS8! sude 21
Indicator range 0 5 10 15 20 25 30 35 40 45 50

Volume of base addod pa>
Volume of base added (mL)

The equivalence point is within the methyl orange range JE A Jua)l GAAE Sk (o a8 $38)1 Aai O A

Phenolphthalein indicator's color changes

51 dais s gl i iyl a8 ) B
at the equivalence point

The acid is HCOOH, and the base is NaOH NaOH suclallyg c HCOOH aaxl O C

The acid is weak, and the base is strong 98 sacldlly « Luap el O D
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Lfvratls the type of acid and base in the titration curve shown 5 slaall
elow:

*

*

aia b s llly paesdl e MS g L

¢ olia] o sal)

13—
12
11 (’
10
9 55 S dlnis
8 Equivalence
T 7 /pomt pH, 7.00

B —
5

a |
3 —
L
1_

0 | 1 T T T 1
0 5 10 15 20 25 30 35 40 45 50

mlL soclall axe

A. Strong acid and strong base

dug Baliy (568 Laes A

B. Strong acid and weak base

ddmn Baclig (§52 Laan .B

C. Weak acid and strong base

L}E Bac By L aan .C

D. Weak acid and weak base

msmﬁjﬁuﬂnh@.[]
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Which of the following statements is correct according to the

uwlgill dg.bg oyl.m.ll oy (3lai losd dousuo dJUI ul)lm.ll .5!

titration curve and indicator table shown below? }g— ] | Coliaf dsudgall
2 I=I=] Z f -
11 < if ¥ (5 1 =
i
9 | 5911 dbnds ——
o | | Equivalence — I
Y e | i ) pomt pH 7.00 — <
i i e -
7 | = | %
eE=Er = T
i =T [ | | 7]
0 — 4 'd-'
v
Methyl orange Wizl Juiell Methyl red Jsiwoll jo>i | Bromothymol blue Jgesigegpl @i S
3.2-4.6 4.2-6.2 6.0-7.6 o

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

is the suitable indicator

Jurall ya] g0 Caliall by ddunis suclilly g8 paasll O) A

Joasigegrdl &3l 92 cuwliall ailSllg (dygd 5acldlly 98 yasall OB

Joagegdl §)ji & wawliall ailllg ddss saclilly wuns yaexdl () C

Jil Judsoll 9 Cuwliall ablSllg 1dzed Baclilly umd paexdl () D

J
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What is the titration in the curve shown in the figure below?

Titration of an Acid aq

Sobsl JSAII § bkl (imik! & Blall e

7

12

10

3 o
. Equivalence alkaa;
= point 1 gaian

6 o - -—L-lL-d—-b -

4

2 /

.
=1l I
0

aslall 3ucld)! pao
Volume of base added

A strong acid with a strong base

A strong acid with a weak base

A weak acid with a weak base

A weak acid with a strong base

Lgscbupgdae O A
dbap sl gsiaes O B
O R O RN ®

i‘g’ii.hs@ew" o Jaa> O D

YOUSEF SARYRAH



Regarding the titration curves below. Which of the S Al L (gl Lalial Bpledll Ciliaie 3l Lad

following is correct?

ailll Gl axie i 53 pH Ul (5 sl
Taton of a0 Add_ sk 3.1L0 i " pH range at which the indicator's colour changes Indicator I
12 bt bt i . —— <
aum ' . | 8.2-10.2 >
' . » TT T T T T phenophthalein [
i [ R e e e S . NSl SR IS S e i : - <
JEELCEE ‘}—g*“—“  EEEEEEEES A r EEE 5268 JspSsasn e | ()
74 O ) H| I & M - Bromcresol purple | b=
=P ] L I :-g
’ DLl dae u.'.. 0 i I l Y Jl @ ‘
Volume olba::’addod DLAl! daslll) g o zo- I ® N 0 » 60 _ 76 JH,")J o) :
Volume of base added ADlal! das ) pas Bromthymo‘ ber o
Volume of base added p
3 2 1
The curve (3) represents litration of a strong acid and allSlly disaian Bacls (g8 aas Sples (3) el Jie) [
a weak base, the right indicator is Bromcresol purple Js3sSsagn oaaekiz 9 Bplaall aniliall
The curve (2) represents litration of a strong acid and RISy A Sac iy (598 Lmes Bulaa (2) Aaidl i) ®
a weak base, the right indicator is phenophthalein Oallal gnall o Byulaall Culidll
The curve (1) represents titration of a strong acid and il Ll dugd 5acllg (g8 mas Bplea (1) Al S ®
a strong base, the right indicator is Bromcresol purple JsSsagy oauedy oa Sulaall
The curve (2) represents titration of a weak acid and alSlly gl saclly Chuas aas Sylaa (2) Aadall Jid
a strong base, the right indicator is Bromthymol blue Jsadisagsdl 350 58 Spleall aulidll ® "

YOUSEF SARYRAH



‘Method one Molarity from titration data

The balanced equation for a titration reaction is the key to calculating the
unknown molarity.
- 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?
stepl Acid Base step2 Write the balanced equation
M,= ?? M,=0.1000 HNO3(aq) + KOH(aq)— KNO3 (aq) + H,O(l)
V,=20.00mL|V,=43.33mL| 4 . 1 mol
moles base =M x V(L)
moles acid = moles base moles base = 0.1000 x 43.33=43.33 x 10 mol
moles acid = 43.33 x 10* mol 1000
step3  Ma = Number of moles acid | Ma = 43.33 x 10 mol Ma = 0.2166 M

Va (L) 0.02L

YOUSEF SARYRAH



stepl

Molarity from titration data

What is the molarity of a calcium hydroxide Ca(OH), solution if 25.0 mL of
0.200 M HCI solution is needed to neutralize 10.0 mL of the base solution?

Acid Base
M,= 0.200 |[M,= ??
V, = 25.0 mL V,=10.0 mL

Number of moles = M x V(L)
Number of moles acid = 0.2000 x 25.0

step?2

Number of moles acid =5.00 x 103 mol

1000

YOUSEF SARYRAH

2HCI (aq) + Ca(OH),(aq) CaCl, (aq) + 2H,0(l)

2 mol

step3

1 mol

1

moles base == x moles acid

2

moles base = 2.50 x 103 mol

M,, = Number of moles base

Vp (L)

M, =2.50 x 103 mol

0.01L

M,, = 0.250 M




YOUSEF SARYRAH

JL}j SULFURIC ACID & LITHIUM HYDROXIDE TITRATION PROBLEM J8{

A 25.00 mL sample of lithium hydroxide solution LiOH pssilll 308 5 508 (10 25.00 mL W 8 Aie 5 plae a3
LiOH, is titrated by 0.425 M sulfuric acid H,SO, abail 3950.425 M 23S 5 H,S0, iy S aes J slsa;

solution, 20.25 mL of the acid solution is required to
reach the end point.

LiOH solution?

5 laall dled Ak u-‘! Jymasll paasll Jslas (2 20.25 mL

o guialll LS g ja Jolaa &3 N ga L

What is the molarity of the

1. Calculate moles of Acid (H,S04)

MOl=M’VL C>0-5275 M
Mol = (........ M) * (ore ven one L)
2. Use Stoichiometry (2LiOH + 1H,S0,4 - Li, S0, + 2H,0) O 03443 M
2LiOH + 1H,504 —» Li,S0, + 2H,0
e moliio;; ¢ y 00'6885 M
MOILIOH = ses s90 bas mol H2504 : ( ...... ol H2504) =.......mol LIOH O O 4550 M
3. Calculate Molarity of Base (LiOH)
Mol ........ mol : o ?
LiOH = VL = ] B == Realsaniesdine POSTER DESIGNEQ BY. YOUSEF SARYRAN | REF: 114 M@
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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?

1)

|

HCI + NaOH > NaCl + H,0 Base
0 Method A
 Step-by-step Solution:
« Identify the chemical reaction.

Note: n, and ng are the # of moles from the balanced equation.

Understand the formula for acid-base titration. Use: M:XA = M::’B

A’ n, and ng are the # of moles
. from the balanced equation.

Balanced Equation:

Determine values for n, and ng from the coefficients.

Plug in the known values and solve for the unknown, M,.

) :@:{ﬁ "

\

|

MA‘(; ::‘BVB V,=235mL
» Calulate the final concentration of HCI. Ve=83mL—'
Solving for M,: Acid
v _MsVe ny _ (0.45M)E3mLY(1)_ .\ MaVa _ MgVe ! @
AT Vang (235 mL)(1) ' Na Ng L

YOUSEF SARYRAK
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‘?{D * In an acid-base titration, 45.78 mL of a sulfuric acid solution is titrated A

to the end point by 74.30 mL of 0.4388 M sodium hydroxide solution.

What is the molarity of the H,SO, solution?

(o4
>-
(a4
g

H,SO, + 2NaOH - Na,SO, + 2H,0

& V, =45.78 mL = 45.78 x1073 L Ma=? M

Vg =74.30 mL=74.30x103 L

Mg= 0.4388 M

Lrrrrrn

STEP 1: Calculate moles of NaOH

Mol NaOH = (Mg)(Vg)

Mol NaOH = (0.4388)(74.30 x103)
Mol NaOH = 0.033 mol

>

STEP 2: Use Stoichiometry to find moles of H,SO,
2 mol of NaOH neutralizes 1 mol of H,S0,

STEP 3:

Calculate the molarity of H,SO,

Calculate moles of H,S0,

1 mol H,S0 _ moles of H,50,
= 0.033 mol NaOH x ————£-= Mo = Folime of Haso,
= 0.0165 mol H,S0, _ _0.0165 mol

45.78 x1073 L

molarity of the H,SO, solution = 0.3604 M

;&



2 )
B ylaall Olike plustiwl Blaall Jglxall @9 Joloxall (155) 4)Yge ey :
40.0 mL of a hydrochloric acid solution HCI chi)glSg gl yae> Jglxo (0 40.0 ML 8ylas o5
is titrated to the end point by 20.0 mL 20.0 mL a» &lgdl dais 5> HCI
of 0.2 M sodium hydroxide solution NaOH. .M 0.2 15,5 NaOH pga3guall duwSgyiud Jokoxo op0
What is the molarity of HCl solution? THCI Jglxe 4y g0 o
é HCl(aq) & NaOH(aq) o NaCl(aq) T HZO(I)
>
g 0.1M A
;.,; 0.025M B
D),
Ol 0.2M C
0.05M D
$ 2)
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b slaall cilily aladiuly Ciliaal) Jslaall aan g Jslaall (58 5) 4 ¥ sa quuny

What is the molarity of a nitric acid solution if 43.33 mL Jslae 30 43.33 a3 1] b i) aas Jslaa 4y )Y 5a L
of 0.1000M KOH is needed to neutralize 20.0 mL of the fuaanll Jslase (30 20.00 dllaal 0.1000 M KOH

acid solution? :<Il::
[«
| HNOj3(aq) + KOHaq) = KNOj4q) + H2O(ag) 2
%)
" s
> 2]
=
o
>-
A B C D
0.830 M 0.462 M 0.560 M 0.217 M

B &>
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s

What is the molarity of H,S0, solution

if 74.30 mL of 0.4388 M NaOH solution is needed 2 45.78 dlalaa) 0.4388 M 51554 NaOH Jgloxw

~\

to neutralize 45.78 mL of the acid solution? fuaeall Jgloxe
7 for diprotic acid N\
sz ST [ H;S0,(aq) * 2NaOH g = Na,S0,,q) + 2H,0( ] :g:
&"/I“me S Base (NaOH) Titrant | = Acid (H,S0,) Sample | é
E Volume: 7430 mL | ’ ‘ Volume: 45.78 mL i
Molarity: 0.4388 M ) [_ | é
>
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What is the molarity of H;PO, solution if 15.00 mL 15.00 mL 23 13 H3POy Jslas &)Y Lo

of 0.500 M NaOH solution is needed 25.00 mL @slaad NaOH J4las 0.500 M (30
to neutralize 25.00 mL of the acid solution? ¢ anall Jolas oy
for triprotic acid
- e ] H3PO,(,q) + 3NaOH ) = NazP0, . + 3H,0(
volume H3PO4 0.0075 M O A

0.0025 M O B
0.1 M O C.*

0200M () D
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CHEMISTRY TITRATION PROBLEMS

D) If 44 mL of a 0.1
M KOH solution
is needed for an
equation of 20
mL of nitric acid

| HNO,, what is the
/™ molarity of the

acid solution?

a.0.11 M "21*{
b.0.22M 0
c.0.02 M
d. 114 M

KOH

6) In an acid-base
titration 46 mL
of a sulfuric
solution is
titrated to the
endpoint of
74 mL of a 0.4
OCO M NaOH
solution, what
is the molarity
of the
H,SO, solution?

3o

H,SO,

a.0.08 M
b. 0.64 M
c.016 M
d.0.32 M

8) How many

) —

milliliters (volu-
me) of 0.5 M
NaOH equal 25
mL of 0.1 M

H.PO,?
a.15mL
b. 45 mL
c.5mL
d.30 mL

mV
H;PO,

CHEM 101 - Stoichiometry & Titration Review

C) How many
milliliters of
milliliters of
0.225 M HCl are
needed to
titrate 6.0 g in

1L of KOH?
(KOH = 56 g/mol)

a. 952 mL  gfHei
b.238 mL Hci
c. 476 mL

d. 1904 mL ,»'-ii;»
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CHEMISTRY TITRATION PROBLEMS

PART 1: HNO; & H,SO, TITRATIONS

PART 2: H;PO, & KOH TITRATIONS

3) If 44 mL of a 0.1 M KOH solution is needed for
a specific sample volume of the HNO, reference,
what is the reference’s molarity?

a. 011 M 4:0.1}%1% HNO,

b.0.22 M (o1m) Reference
¢.0.02 M A HNO; + KOH — KNO; + H,0
d.L14 M ’

= Correct Choice: b. 0.22 M

4) In an acid-base titration, 46 mL of a sulfuric
acid solution is titrated to the endpoint of
74 mL of a 0.4 M NaOH solution. What is

the molarity of the H,SO,?

a.008 M 74mL

b.0.64 M (oM

c.0.16 M :

d.0.32 M :) | Correct Choice:

H,SO, + 2NaOH — Na,SO, +2H,0 _ d.0.32 M

5) How many miilliliters (volume) of 0.5 M NaOH
are required to neutralize 25 mL of 0.1 M H;PO,?

a. 15 mL

25 mL
b. 45 mL H.PO,
c.5mL (0am &

d.30mL  H,PO, + 3NaOH — Na,PO, + 3H,0
H,PO, + 3NaOH — | Correct Choice: a. 15 mL

6) How many milliliters of 0.225 M HCl are
needed to neutralize 6.0 g in 1L of KOH?
(KOH = 56 g/mol)

a.952mL 609 60g ‘

KOH <> KOH
C. 476 mL Solution buret
d.1904 mL  KoH =56 g/mol Correct Choice: |

KOH + HCI — KCI + H,O C. 476 mL IJ

CHEM 101 - Stoichiometry & Titration Review
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