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Lecture 11
@ Definition of acids according to Arrhenius (s ¥ Wik (aaal) Ciy o

v Acids are the substances which produce Hydronium ions (H30+) in aqueousQ

solutions.
L Jalladl) 8 A sall o i 5yl il ) i A o) sl o alanY

+
H20(|) +HCI (aq) s H30 +_C

+
H' (aq)*H20() - Hso'@\
’ '

e

|\ Arrhenius Acid j

HCI

HCl(agq) —— H+(aq) + Cl (aq)

oL 3ull) o leasSl) 4 Sty Aall) cladial) (g pa8 3 b /2
gL 5l g slaassll g sliadll dad ia Cliadla A5
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Definition of base according to Arrhenius gsgsis J¥ W sac &) iy 25

v~ Bases are the substances which produce hydroxide ions OH- in aqueous

Solutions
a5 gl 2S5 5 Jia Alall dallaall 8 Callall 2au€ g sl il gl et 1 ) sall B4 3

NaOHs) +H20(1) — Na+(aq) + OH (aq)

Arrhenius Base J 5

NaOH

FJNJ

OH Na
OHOH Na
Na®™ OH7}

1 Na* OH J
NaOH(aq) — Na* (aq) + OH (aq)
Note: y e

a%ydromde but it dissolves in water producing hydroxide ion

% Ammoni

&I\w\ S8 53 Lasie (S0 40 5 5008 Cansd Ui 5] Il 20 gl ()l (Lans
(g) + H20(l) < >~ NH,"(agq) + OH(aq)
e & a9 gaY) S g gd) ¢ 9
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Acid and Base Strength
Baclill  Laaal) 5 68
« According to Arrhenius definition: cugsin ) iy il Wi

e Strong Acid: il gaaal) Q
It is the acid that is completely ionized in water as Hydrochloric acid

J)—Hcl

elall 8 JalSIL oplis Al Gaalea) &

Sl slS 5 Huedl e Jia
H20
HCl(ag) ——> H(aq) + Cl'(aq)

e Weak acid «iaal) (<

It is the acid which 1

artially ionized in water as acetic acid
s L ol 53 (manll o8

|

CH5;COO'(aqg) + H;0(aq)

HF
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* Also, bases can be classified into strong and weak.
A saclis Ay el ) 4 cilac 8l Lyl

e Strong base: 4l sacldl)

It is the base that is completely ionized in water as NaOH Q
elall 8 MalS cplis Al saclal) o %

° Weak base sl sac il

It is the base which is partially ionized in water as/NH,
slall 8 s ol ) saclal) o

. Names of Some Acids and Base |

) g8l g (aleal) (anal ¢ law R

Formula Name ﬂ Name
Fanall Y sl Y

HCl Hydrochloric aci o LioH Lithium hydroxide
pstilll A0S 5 H1a
NaOH Sodium hydroxide

ps el 2S5 )20

KOH Potassium hydroxide
p sl sall 20S g jn
\ Nitric acid Ba(OH)2 Barium hydroxide
ol e bl 2S5
2504 Sulphuric acid
iy Sl paes
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HCIO

Perchloric acid

4
Sl 5IS 5l aea

Bronsted-Lowry Acids and Bases Xiwis y s s 54l (aleal gac g8

According to Bronsted-Lowry: iuis ns sl W b :
o Acid_iaeal \W

It is a proton donor g8 g pall axa

eBase sacldll

It is a proton acceptor. <y

e Acid-base reaction &l

“It 1s a proton transfer r

substance formed when an acid donates its proton to another

& olecule or ion”

DAY OaY) o) e iallailigig p (raeall sy Ladie 45 Siall salall &
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# When an acid transfers a proton to a base, the acid is converted to its

conjugate base.

(4880 ye) 45 yiaa Bacld ) Gaeall J ety 3aclall o 6 g g0 aeall Jaay Ladie
Conjugate acid-base pair 4 _itall sac\all g (aeall 74 ) Q

Conjugate acid-base pair

HCl (aq) + H20() ——> Cl + H30

Hydrogen chloride  Water Chloride ion {Hydron n

Acid Base l % \
Conjugate b s% onjugate acid of water

Sl slS 5 el (aeal ds slall (38 jall aaall
s copverted to its conjugate acid
1 | g Mhs 5 9 ) Bac 8l uwiSs Lanie

jugate,acid-Nase pair 4yl saclall g aeall # 5 )
nj

OOH + NH; =—> CH;COO + NH,

ce;c acid Ammonia Acetate ion Ammonium ion

(Acid) (Base)

# When a base accepts prd

8 5all meal) )

Conjugate base of acetic acid Conjugate acid of ammonia
L) aeal &5 yiaal) sac Al L g () yitall aeal)
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# Acid..... .....Joss proton (H)......... conjugate base.
# Base......... accept proton(H").......... Conjugated acid

# Base can be negative charged or neutral

Adalatia o) Al Al Bas Bl (oS5 (an @

# Anacidcanbe (sS O OSas paaal)

1-positively charged sl ¢ g —)H?’O+ ‘ \
2-neutral Aadl) Jaladia H2CO3
3-negatively charged sl @%H o

# Acids are classified as >

5l —>HCI and CH,,COOH

1- Monoprotic, ¢ 3

—_— HZSO4 and H2CO3

trip‘tN S sl SO —>H3PO4
Notes\

& (bases) =158l 5 (Alkali )bstill G (38 22
w ali dissolves in water but not all bases can dissolve in water.
Sl 8 o35 e il O pad (S5 ol 8 o ol Sl
This also means that all alkalis are bases, and not all bases are alkalis.
L ol s g8l) S gl g ae ) 8 S Gl S ) ey 12a

2- diprofi



http://youbasic.weebly.com/glossary.html

058376126 (v /2

Examples of Common acids and their conjugate bases

4 ihal) Wae | gb g dasilildl (alaay)  Jo dlia)

: Conjugate
s Acid Name of acid Base Name of ion
trong HI Hydroiodic acid r Todi
: odide

ACI/{S HCI Hydrochloric acid a Chloride l?;es:l;
A NHSO,  Sulfuricacid HS0,”  Hydrogen sulfate

HNO,  Nitric acid NO,”  Nitrate

+
H,0 Hydronium ion H,0 Water
:904' Hydrogen sulfateion S0, Sulfate
PO,  Phosphoric acid : i
, PO, osphoric aci H,PO,”  Dihydrogen phosphate

CH;COOH Acetic acid CH,CO0"  Acetate i

H,CO,  Carbonic acid HCO,”  Bicarbonate

H,S Hydrogen sulfide HS Hydrogen sulfide

H, P?,; Dihydrogen phosphate  HPQ,* Hydrogen phosphate

NH, Ammonium ion NH, Ammonia

HCN Hydrocyanic acid N Cyanide

GsHsOH  Phenol GHsO  Phenoxide

HCO,”  Bicarbonate ion 00,"  Cabonate

2.

HPO,  Hydrogen phosphate ion Po,* Phosphate \ Y

Weak H20 Water OH Hydroxid \/
A _ tydroxide Strong

Acids GHsOH  Ethanol GH;O'  Ethoxide Bases

\

Note that Weak acids has strong conjugated bases
48 A8 He3ael8 o (g giay Chmiall (aeall
Strong acids has weak conjugated bases
A 438) pa B2cl o (5 gingy (5 il aeall
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Summary geilal)

A Brgnsted-Lowry acid is any species that is capable of donating a proton H*
Gl g S elac) e 3 a6l o) 63 Gl ga (g ) 6l i g 0 aes
« A Brgnsted-Lowry base is any species that is capable of accepting a proton, which 5
requires a lone pair of electrons to bond to H*
Gadati e e 7o) G pliad g by 3V s e jo8s Al g ) V) el oo X g g ) ol Bac
G sall 5 g ol Jal )3 i 5 i<ty
« Water is amphoteric, which means it can act as both a Brgnsted-Lowry acid and a
Bransted-Lowry base.
i g 3 (551 55ty manS Jand Lgdl iad il g Agae B dpdaaa sale oLl
« Strong acids and bases ionize completely in aqueous solution, while weak acids
and bases ionize only partially in aqueous solution.
U a ol ae) g8l g Galaal) Loty Auilall Jalladd) 8 DS (i 4 g81) as ) gal) g (alaa)
ikl Jallaal)
« The conjugate base of a Bransted-Lowry acid is the species formed after an acid
donates its proton.
05558 hary raealle 22y (5S35 Al £ 531 (A S g 5 (5 ) 5 praead A jall 3ac il
« The conjugate acid of a Brgnsted-Lowry base is the species formed after a base
accepts a proton.
O 92 S Bac alle ()5S Yl 9 50 (5 o1 Bac 8 Jai jall (aeal)
¢ A Bronsted-Lowry acid may be positive, neutral or negative charged
sl s gl Jalaie 5l am ga (5550 (San w5 30 5 ol e
. A Bronsted-Lowry base must contain alone pair of electrons, but it may be
neutral or have a net negative charge
Al ) dlalaia (555 (San 5 s SV o Lo s 7 5 (e 58 O 2 s 5 ) sl Bacld
a3l

10




058376126 (v /2

e lone pair <y A ¢ & Léal) ) g 30

> refers to a pair of valence electrons that are not shared with another

atom and is sometimes called a non-bonding pair. /
> .L.L\JA).\:J‘C})S‘WLL\A\}@P\cJJ@‘\SJMJ.\’J\jJSM\U\JJJ.\SMUACJJ}A‘
> A Lone pairs are found in the outermost electron shell of atoms They can be
identified by using a Lewis structure. V
> uu_,]&_us‘)uommuSMJo‘)Aﬂ@JL;ﬂuM\uﬁhf).\:J\Cj‘)]\J;).a
o0 —_— H H
H—O: | |
. -
H . . C . - H o H —C —H
o0 | . |
OH’, is abase H H

which has three lone pairs on its O CH, is not a base

atom. ‘ has no lone pairs of electrons

FICNES - . . o - : = -
O e sginn cllud) s g 5aell ol Lia 53l iy Gl

Dy Al A8 lie il <l g SV (e 5 )

N

09 H
N o—H %
HH/ H @ H—él (9

A B C

11



https://en.wikipedia.org/wiki/Valence_electrons
https://en.wikipedia.org/wiki/Electron_shell
https://en.wikipedia.org/wiki/Lewis_structure
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Questions

QdWhich of the following species can be Bronsted-Lowry bases:

Sos) i gl ae ) B ()5S 4V &) 5V (e )
(@) LiOH (b) CI” (c)CH4? Q
* Analysis & sl b
A Bronsted-Lowry base must contain alone pair of electrons, but itimay\be al
or have a net negative charge.
* SOLUTION Jadl

a. LIOH is a base since it contains hydroxide, OH gWHRich ee lone pairs on

its O atom.

b. CI"is a base since it has four lone pairs.

c. CH4 is not a base since it has no lo

Q Draw the conjugate aci basg:sae18 JsI (38 jall Gaaal) ac )

@ F (b) NO3"

Q.\;g:uusm (B9) (159 s i

ec jugte acid.

HNO; has no charge since a proton with a "1 charge is added to an anion
with a "1 charge.dus sall Jalad Al L S Y Cpa g gl 2 8 e iliad as oY

12




058376126 (v /2

A Draw the conjugate base of each acid: (a) H,O (b) HCO;

# ANALYSIS To draw a conjugate base from an acid, remove a proton, H".

This adds "1 to the charge of the acid to give the charge on the c nj
base.
# SOLUTION
« a. Remove H" from H,0 to form — OH’ W
* b. Remove H* from HCO® to form CO5*, the conjugate ase%
Acid Conjugate Base (\
p

s
Br-
HNO, NO, Q <

13
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Lecture 12
Acid lonization Constant (% sead) culd) (paaad) SIS culd) aaad) ol culd

* The equilibrium constants indicates the strength of the acid, for a weak acid
(HA): &Y Gy Camall Gaeally (raaall 568 e Jay ool

HA+H,0 — 5 A +H30° Q
* The equilibrium expression for this ionization is:
(O i) iy Aabaal) e Gl 136 )58l eyl
Kegq= [A][H:O]
[HA][H:O]

* Since the concentration of water is constant comblwe the two constants

together:
Lo ailil) DS Loy ) Sy il e Lall S @Y

Ka =Keq [H,0] = [A-][H30+]

[HA]
® Ky ey M ol et

& K, tells us howAghe Strong@ acid is?

S0 S U jodg Gaeall il culd
gth can be expressed as pKa because the equilibrium constant is
ber with negative exponent.
Va8 0sSe O QB Y (pka) A seall Hlaias Lo jaxi (Sae (aeall(da ) 38
e There is inverse relationship between Ka and pKa

nganll gy il Culi fu duke 48De Cllia

14
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» The weaker the acid the smaller its Ka value, but the larger its pKa.
> el diagen s oKy J8 i cull 03 ) <o Camal) (maaY)

o Example (1)

The Ka for benzoic acid is 6.5 x 10-5. what is the pKa of this acid? ( Q

pKa = -log Ka

pKa =-log 6.5x 10° W
pKa=4.19 b

Example (2)
 Which is the stronger acid: )

(a) Benzoic acid with a 5 , or hydrocynanic acid with a
ka of 4.9 x 107%?

(b) Boric acid with 9.14 or carbonic acid with a pKa of
6.37?
Solution: JaJl)

* (a) Benzoic acidasg, st ; it has the greater Ka value.
Sl e sagh il elliay 43Y (5 V) Gaeall () oS el il (ans

15
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Acid Name K, pK, 5
H,PO, Phosphaoric acid 78 xlip~: 11
HCOOH Formic acid 18 x10* 375
CH, CH(OH)COOH Lactic acid 84 x10* 3.8
CH,COOH Acetic acid 18 x10° 475
H,CO, Carbonic acid L3x107 637
H,P0, Dihydrogen phosphateion 62 x10° 7.1
H,B0, Boric acid 73 x10™ 914
NH," Ammonium ion 56 x10™ 9.5
HON Hydrocyanic acid £9x10™" 931
C,H: OH Phenol 13 x10™ 989
HCO, Bicarbonate ion 56 x10M 10.25
HPO,” Hydrogen phosphateion 22 x10"°  12.66

16
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Some Properties of Acids and Bases

i) g8l g galaall gailad (o

A. Reactions with metals <l il aa Joldil) Q
The active metal reacts with acids to produce H, gas (redox r&%

(S 52 Jeld) Cpa g yuell Jle Aatia (aleal) ae Jelii dadall ¢y )

(Redox reaction): reduction oxidation reaction J/_=a) g 83s) Jel&s

e Is The transfer of an electron(s) from o % paction to

another.

FEREFS @01 SREEY) S I e

v,

1. Oxidation is loss of electrons. {4 328V

2. Reduction is gain of elec% SIY) LSt sa J) sy
Mg is oxidizel] agmais RV

V\S) +‘H@l) —> MgCly(aq) + Hx(9)

H™ is reduced ¢masuaed J84

17
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B. Neutralization Jaail)

a chemical reaction where a base and an acid react to form a salt

slos zle ()5S Gaeall pa Bac ) Jeléfi Cun  lasS Jelds Q
Acid + Base =~ —> Salt + Water b
HClI + NaOH =—>»NaCl + H,O %
Corrosive Corrosive Neutral salt water
alkali acid

C. Reaction with Metal Oxide Hill aus gl

» Strong acids react with metal o and water.
> slag mle datie O S8l GlapS o) xa Y
2HCl(aq) + CaO(s) ,O(l) + CaCly(aq)

D. Reaction With'\MetahHy ide il S g ol aa Jolddl)

» Acids reactwitimetal’ hydroxide to give salt and water.
; D3 xa gaeall Jeldy

H — KCI + HOH

cid and metal hydroxide are ionized in aqueous solutions.
b sy DI S g 5o 5 (el SIS
HCl ———3H;0"+CI

KOH — 3 K +OH

18
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> The net ionic equation is 4Lels 4 gy/ ileals

H,O"+ClI'+ K"+ OH =——>»?H20 + CI' + K"

H30+ + OH" — ZHZO @
,ﬂ

D.Reaction with Carbonate and Bicarbonate <\ g Sl g <l

> Strong acids react with carbonate and bicarbopate producin 02 gas.
0528 2l (6 e Aaiie s ySall 5 il g0 KU1 ae A8 L
» The reaction takes place on two steps. ¢ & Jelall

2HCI(aq) + Na,COs(aq) ——>2 Na€l +{CO,(g) 4 3H,0O(I)

s Gans e g0 Sl (s giad

19
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Self lonization of Water
slall I oyl

*Water ionizes according to the equation
V) Aslaall s el ol b
H,O +H,0 —>O0OH’ + HAQ" »
Acid Base Conjugate base of H,0 Co<jugate id of H,0

» The equilibrium expression is Aalaall (ja (Aaas H) Piige

Keq = [H30"][OH] %

[H20]?
onstant since/the degree of self-ionization is slight
K 505 elall 38

30"][OH]

* In pure water il ¢ '
%01 =[OH]=1.0x 10"
Q\ :;eq[HZO]Z = [H30"][OH]

Kw=1.0x10"

» The concentration of water is ¢

A S5 clall ‘;'1'\..:\3\ ol ds o

20
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pH and pOH 4l da ja9 4 gand) 4 10

* Because hydronium ion concentrations for most solutions are numbers with

negative exponents, these concentrations are more commonly expressed as
A peall da o lgie ei Bale @l 38 il B3gd s Ll 53 (5580 a i s pgd) Ol )

e PH =-log[H"]

POH = -log[OH] W
PH + POH = 1 ( \

e Kw=1.0x10"

Kw = [H*][OH] = 1x10 ™ %
-log Kw = -log [H] + -log [OH] ck%l

since pKw = -logkw = -log 1.

pH + pOH = 14

oada Jsladl o S

oYl Aia gaall da ja o Jaleie Jslaall (50

21
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Example
(a) The [H;0'] of a certain liquid detergent is 1.4 x 10°M. What is its pH¢

pH = -log[H"]

pH = -log[1.4 x 10°] = 8.85 Q
(b) The pH of black coffee is 5.3. what is its [H;O"] %

[H;0™] = antilog-5.3 = 5 x 10°® \
e What is the PH of a soln whose [H;0™] = 1x 10; b
pH = -log[H"]
pH = -log[1x 10™]

PH=- [log 1+ log 10™] = -[0 C]%%

sl 5adl) laassl) 4 Sty 43l cildUal) (u pa5 2 Al /2
gL 58l 9 plaassl) g slLadll da ia Cliadla i 530
0583761260
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