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Acid-Base Theories
• We will look at several (not all) concepts of 

acid-base theory including:

– The Arrhenius concept
– The Bronsted Lowry concept
– The Lewis concept
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:كلذ يف امب ةدعاقلا-ضمحلا ةيرظن ميهافم )عيمج سيلو( ةدع يف رظننس
سوينيهرأ موهفم -
يرول-دتسنورب موهفم -
سيول موهفم -



Arrhenius Theory
Svante Arrenhius (1857-1927)

Acid: Substance that produces H+ in water.
Base: Substance that produces OH- in water.

HCl(aq)  H+ + Cl- produces H+ in water
NaOH  Na+ + OH- produces OH- in water

Arrhenius acid and base neutralize each other to produce 
salt and water: 

HCl(aq) + NaOH(aq)  NaCl(aq) + H2O)(l)
H+

(aq) + OH-
(aq)  H2O(l)
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هنع جتني

:ءاDاو حلDا جاتنA ضعبلا امهضعب عم ن7داعتي سوينيهرأ ةدعاقو ضمح



• The Arrhenius concept is limited in that it looks at acids
and bases in aqueous solutions only involving H+ and OH-
There are many substances with acid/base properties that
do not involve these and cannot be classified by this
theory.

5

 تاذ داوBا نم ديدعلا كانه -OH و +H طقف لمشت يتلا ةيئاBا ليلاحBا يف دعاوقلاو ضامح0ا ىلإ رظني هن0 دودحم سوينيهرأ موهفم •
.ةيرظنلا هذهل اقًفو اهفينصت نكمي Sو هذه نمضتت S يتلا ةيدعاقلا/ةيضمحلا صئاصخلا



Acid/Base definitions
• Definition 1:  Arrhenius (traditional) 

Acids – produce H+ ions (or hydronium ions H3O+)

Bases – produce OH- ions

(problem:  some bases don’t have hydroxide ions!)

)يديلقتلا( سوينيهرأ :1 فيرعتلا
)HOt موينورديهلا تانويأ وأ( *H تانويأ جتنت - ضامح3ا



Bronsted/Lowry Theory
Johannes Bronsted (1879-1947) Thomas Lowry (1874-1936)

Acid: Substance that can donate proton (H+).
Base: Substance that can accept proton (must 
contain lone pair of electrons).

HCl + NH3  NH4
+ + Cl-

Acid    base      CA      CB
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يرول/دتسنورب ةيرظن
)1936-1874( يرول ساموت  )1947-1879( ديتسنورب سناهوي
.)*H( نوتوربلاب عربتلا اهنكمي ةدام :ضمح
.)تانورتكلOا نم درفنم جوز ىلع يوتحت نأ بجي( نوتوربلا لوبق اهنكمي ةدام :ةدعاق



• What is it by Bronsted-Lowry?

– In the forward reaction, NH3 accepts a proton
from H2O. Thus, NH3 is a base and H2O is an 
acid. Same conclusion without looking at OH-

)aq(OH )aq(NH            )l(OH )aq(NH 423
 

H+

base acid
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-OH ىلإ رظنلا نود جاتنتسBا سفن  .ضمح وه HOو ةدعاق وه NH ،اذكهو  .H2O نم اًنوتورب NH لبقي ،يمام*ا لعافتلا يف



– Since this is a reversible reaction, there is 
also acid/base components on the reverse rxn. 
NH4

+ donates a proton to OH-. The NH4
+ ion is 

the acid and OH- is the base.

)aq(OH )aq(NH            )l(OH )aq(NH 423
 

H+

baseacid
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.يسكعلا لعافتلا يف ةدعاق/ضمح تانوكم اضًيأ كانه ،يسكع لعافت هذه نأ امب -
NH.* ىلإ نوتوربب عربتي  OH.  نويأ  NHa* و ضمحلا وه  OH- ةدعاقلا وه .



– A conjugate acid-base pair consists of two 
species in an acid-base reaction, one acid and 
one base, that differ by the loss or gain of 
one proton.

)aq(OH )aq(NH            )l(OH )aq(NH 423
 

base acid

– The species NH4
+ / NH3 and H2O / OH- are 

conjugate acid-base pair.

acid base
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.ةقفارتم ةدعاق-ضمح جاوزأ يه H2O / OH و NH4* / NH عاون"ا
 باستكا وأ دقفب نافلتخي ،ةدعاق رخGاو ضمح امهدحأ ،ةدعاقلا-ضمحلا لعافت يف Bعون نم نوكتي قفارت>ا ةدعاقلا-ضمحلا جوز
.دحاو نوتورب



– The Brønsted-Lowry concept defines a species 
as an acid or a base according to its function in 
the proton-transfer reaction.

)aq(OH )aq(NH            )l(OH )aq(NH 423
 

base 1 acid 1
– NH4

+ is the conjugate acid of NH3 and NH3 is 
the conjugate base of NH4

+ (NH4
+ /NH3). H2O 

is the conjugate acid of OH- and OH- is the 
conjugate base of H2O (H2O/OH-).

base 2acid 2
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NHa* ـل قفار)ا ضمحلا وه  NHs و NH; ـل ةقفار)ا ةدعاقلا وه  NH4* (NH4* INH).  HO 
ـل قفار)ا ضمحلا وه  OH- و OH- ـل ةقفار)ا ةدعاقلا وه  H2O (H2O/OH-).

  .نوتوربلا لقن لعافت يف اهتفيظول اقًفو ةدعاق وأ ضمحك عاونBا فرعي يرول-ديتسنورب موهفم  -
.نوتوربلا لقن لعافت يف هتفيظول اقًفو ةدعاق وأ ضمحك عونلا فرعي يرول-دتسنورب موهفم



Acids may be cations, neutral molecules, or anions,
while bases may be anions or neutral molecules. Just as
a reduction must always accompany an oxidation, a
proton donor (acid) must accompany a proton acceptor
(base). Once an acid transfers its proton it becomes the
conjugate base (CB) and once a base accepts the proton
it becomes the conjugate acid (CA). Since protons are
always transferred in the Arrenhius concept, all
Arrhenius acid/base reactions are also Bronsted-
Lowry acid/base reactions. But if water is not
involved (HCl & NH3), the reaction can be explained by
Bronsted/Lowry concept and not Arrenhius.
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 نكمي امنيب ،تانوينأ وأ ةلداعتم تائيزج وأ تانويتاك ضامح*ا نوكت نأ نكمي
 بحاصي نأ بجي امك امًامت  .ةلداعتم تائيزج وأ تانوينأ دعاوقلا نوكت نأ
 لبقتسم )ضمحلا( نوتوربلا حنام بحاصي نأ بجي ،ةدسك*ا امئاد لازتخFا



Acid/Base Definitions

• Definition 2: Brønsted – Lowry

Acids – proton donor

Bases – proton acceptor

A “proton” is really just a hydrogen atom that has lost it’s 
electron!

نوتوربلا ةحنام - ضامح"ا
نوتوربلا لبقتسم - دعاوقلا
.اهنورتكلإ تدقف Bجورديه ةرذ درجم ةقيقحلا يف وه نوتوربلا



A Brønsted-Lowry acid is a proton donor
A Brønsted-Lowry base is a proton acceptor

acid conjugate
basebase conjugate

acid

نوتوربلل حنام وه يرول-ديتسنورب ضمح
نوتوربلل لبقتسم يه يرول-ديتسنورب ةدعاق

نراقت?ا



Lewis Theory
Gilbert Lewis (1875-1946)

Acid: Substance that can accept a pair of electrons from 
another atom to form a new bond.

Base: Substance that can donate a pair of electrons to
another atom to form a new bond.

The proton itself can act as Lewis acid. Lewis expands 
acid/base reactions to include many substances without 
H in formula. 
F3B + NH3  F3B:NH3
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 داوDا نم ديدعلا لمشتل ةدعاقلا/ضمحلا ت>عافت عسوي سيول .سيول ضمحك لمعي نأ نكمي هسفن نوتوربلا
.ةغيصلا يف H نودب

 نيوكتل ىرخأ ةرذ نم تانورتكلTا نم جوز لوبق اهنكمي ةدام :ضمح
.ةديدج ةطبار

.ةديدج ةطبار نيوكتل ىرخأ ةرذل تانورتكلTا نم جوزب عربتلا اهنكمي ةدام :ةدعاق



• The reaction of boron trifluoride with 
ammonia is an example.

– Boron trifluoride accepts the electron pair, so it is a 
Lewis acid. Ammonia makes available the 
electron pair, so it is the Lewis base.
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.لاثم وه اينوم6ا عم نوروبلا ديرولف يث'ث لعافت •

.سيول ةدعاق يهف اذل ،تانورتكل?ا جوز رفوت اينوم6ا  .سيول ضمح وهف اذل ،تانورتكل?ا جوز لبقي نوروبلا ديرولف يث'ث



Acids & Base Definitions

Lewis acid - a substance
that accepts an electron
pair

Lewis base - a substance 
that donates an electron 
pair

Definition 3 – LewisDefinition 3 – Lewis

تانورتكل6ا نم اجًوز لبقت ةدام - سيول ضمح
تانورتكل6ا نم جوزب عربتت ةدام - سيول ةدعاق



Lewis Acids & Bases
Formation of hydronium ion is also an excellent 

example.

•Electron pair of the new O-H bond 
originates on the Lewis base.

H H

H

BASE

••••
••

O—HO—H
H+

ACID

.زاتمم لاثم اضًيأ وه موينورديهلا نويأ نيوكت

.سيول ةدعاقلا ىلع أشني O-H ةديدجلا ةطبارلا نم نورتكل>ا جوز•
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What is an acid?
An acid is a solution that has an excess of H+    
ions.                                                  
The more H + ions, the more acidic the        
solution .                                                     

.+H تانويأ نم ضئاف ىلع يوتحي لولحم وه ضمحلا
.لولح<ا ةضومح تداز ،+ H تانويأ تداز املك



Properties of an Acid
• Tastes Sour
• Conduct Electricity
• Corrosive, which means they break down certain substances. Many acids can 

corrode fabric, skin,and paper
• Some acids react strongly with metals 
• Turns blue litmus paper red

ضماح معط
ءابرهكلا  لصوي
 ةشمقLا لكآتت نأ نكمي ضامحLا نم ديدعلا  .داوHا ضعب كيكفتب موقت اهنأ ينعي امم ،لكآتلل ب6بسمُ
.قرولاو دلجلاو
نداعHا عم ةدشب لعافتت ضامحLا ضعب
رمحLا ىلإ قرزLا سمشلا دابع قرو لوحي



What is a base?

• A base is a solution that has an excess of 
OH- ions. 

• Another word for base is alkali.
• Bases are substances that can accept 

hydrogen ions

.-OH تانويأ نم ضئاف ىلع يوتحي لولحم يه ةدعاقلا •
.يولقلا يه ةدعاقلل ىرخأ ةملك •
Jجورديهلا تانويأ لوبق اهنكمي داوم يه دعاوقلا •



Some Properties of Bases

ءا-ا يف -OH تانويأ جاتنإ
يريشابط ،رم اهمعط
تاتيلورتكلإ يه
ةقلز ،نوباصلاب رعشت
ءا-او حNمJا نيوكتل ضامحJا عم لعافتت

pH 7 نم ربكأ
"يدعاقلا قرزJا" قرزJا ىلإ ءارمحلا سمشلا دابع ةقرو لوحي
ب\رخمُ
.نداع-ا عم لعافتت ^



Some Common Bases

NaOH sodium hydroxide

KOH potassium hydroxide

Ba(OH)2 barium hydroxide

Mg(OH)2 magnesium hydroxide

Al(OH)3 aluminum hydroxide

ةعئاشلا دعاوقلا ضعب



What is the pH scale?
• The pH scale 

measures 
how acidic 
or basic a 
solution is.

ما هو مقياس درجة الحموضة؟

.لولحBا هبولق وأ ةضومح ىدم سيقي ينيجورديهلا مقرلا سايقم •



The pH scale
• The pH scale is the concentration of hydrogen 

ions in a given substance.

  HpH log

.ةنيعم ةدام يف >جورديهلا تانويأ زيكرت وه ةضومحلا ةجرد سايقم •



Identifying Acids and Bases

• Acids have a pH from 0-7
• Lower pH value indicates a stronger acid.

• Bases have a pH from 7-14
• Higher pH value indicates a stronger base.

.ىوقأ ضمح ىلإ ريشت ةضفخن-ا ةضومحلا ةجرد ةميق

.ىوقأ ةدعاق ىلإ ريشت ىلعأ ةضومح ةجرد



• What happens when the pH of a substance is 
7?

• Ans: A pH level of 7 indicates a Neutral 
Substance   i.e: Water!



• What is the range of an ACID on the pH scale?
Ans: 0-7

• What is the range of a BASE and what is 
another name for a BASE?

Ans: 7-14, Alkaline

؟ينيجورديهلا مقرلا سايقم ىلع ضمحلا قاطن وه ام

؟ةدعاقلل رخAا مس?ا وه امو ةدعاقلا قاطن وه ام
يولق ،14-7 :ةباجCا



pH Scale
• A change of 1 pH unit represents a tenfold 

change in the acidity of the solution. 
• For example, if one solution has a pH of 1 and 

a second solution has a pH of 2, the first 
solution is not twice as acidic as the second—
it is ten times more acidic.

 ةجرد هل يناثلا لولح(ا ناكو 1 ةضومح ةجرد هل ليلاح(ا دحأ ناك اذإ ،لاث(ا ليبس ىلع •
 وه لب - يناثلا لولح(ا نم فعضلا رادقمب ةضومح رثكأ سيل لوDا لولح(ا نإف ،2 ةضومح
.فاعضأ ةرشع رادقمب ةضومح رثكأ

 ارًييغت لثمي ينيجورديهلا مقرلا يف ةدحاو ةدحو رادقمب رييغت •
.لولح(ا ةضومح يف فاعضأ ةرشع رادقمب



Acid – Base Reactions

• A reaction between an acid 
and a base is called 
neutralization. An acid-base 
mixture is not as acidic or 
basic as the individual 
starting solutions.

• يُطلق على التفاعل ب0 الحمض والقاعدة اسم التحييد.  
خليط الحمض والقاعدة ليس حمضيًا أو قاعديًا مثل 

اHحاليل اGولية الفردية.



Acid – Base reactions

• Each salt listed in this table can 
be formed by the reaction 
between an acid and a base.

 @ب لعافتلا ل:خ نم لودجلا اذه يف جردم حلم لك ليكشت نكمي
.ةدعاقلاو ضمحلا

ماعطلل ةظفاح ةدام ؛ماعطلا ةهكن
دويلا صقن عنمي يذلا "دويلاب جلاعQا" حلQا يف فاضم
تارمQاو قرطلل ديلجلا ليزم
ةمعط\ا يف حلQا ليدب
يريجلا رجحلا يف دوجوم
رحبلا عقاوقو
جلثلا سايكأ يف طشن نوكم ؛دامس



Calculating the pH

pH = - log [H+]

Example:  If [H+] = 1 X 10-10

pH = - log 1 X 10-10

pH = - (- 10)
pH = 10

Example:  If [H+] = 1.8 X 10-5

pH = - log 1.8 X 10-5

pH = - (- 4.74)
pH = 4.74



pH calculations – Solving for 
H+
pH calculations – Solving for 
H+

If the pH of Coke is 3.12, [H+] = ???
Because pH = - log [H+] then

- pH = log [H+]
Take antilog (10x) of both

sides and get

10-pH  = [H+]
[H+] = 10-3.12 = 7.6 x 10-4 M

*** to find antilog on your calculator, look for “Shift” or “2nd function” and 
then the log button

ىلع لصحاو 5بناجلا 1كل )10X( يسكعلا متيراغوللا ذخ

.متيراغوللا رز مث "ةيناثلا ةفيظولا" وأ "Shift" نع ثحبا ،كب ةصاخلا ةبساحلا ةل<ا ىلع يسكعلا متيراغوللا داجي>



pH calculations – Solving for H+
• A solution has a pH of 8.5.  What is the 

Molarity of hydrogen ions in the solution?

pH = - log [H+]

8.5 = - log [H+]

-8.5 = log [H+]

Antilog -8.5 = antilog (log [H+])

10-8.5 = [H+]

3.16 X 10-9 = [H+]

pH = - log [H+]

8.5 = - log [H+]

-8.5 = log [H+]

Antilog -8.5 = antilog (log [H+])

10-8.5 = [H+]

3.16 X 10-9 = [H+]



H2O can function as both an ACID and a 
BASE.

In pure water there can be
AUTOIONIZATION

Equilibrium constant for water = Kw

Kw =  [H3O+] [OH-] = 1.00 x 10-14 at 25 oC

ثدحي نأ نكمي يقنلا ءا$ا يف
يتاذلا عيمتلا



More About WaterMore About Water

Kw =  [H3O+] [OH-] =  1.00 x 10-14 at 25 oC

In a neutral solution [H3O+] =  [OH-]

so Kw =  [H3O+]2 = [OH-]2

and so [H3O+] =  [OH-]  = 1.00 x 10-7 M

OH-

H3O+

OH-

H3O+

Autoionization
يتاذلا للحتلا



pOH
• Since acids and bases are opposites, pH 

and pOH are opposites!
• pOH does not really exist, but it is 

useful for changing bases to pH.
• pOH looks at the perspective of a base

]-OHlog [-= pOH
Since pH and pOH are on opposite ends,

pH + pOH = 14 ،ضيقنلا يفرط ىلع امه يسكورديهلا مقرلاو ينيجورديهلا مقرلا ن& ارًظن
14 = يسكورديهلا مقرلا + ينيجورديهلا مقرلا

!نادض امه يسكورديهلا مقرلاو ينيجورديهلا مقرلا نإف ،نادض امه دعاوقلاو ضامح&ا نأ امب •

• pOH G ىلإ دعاوقلا ليوحتل ديفم هنكل ،اقًح هل دوجو  pH.

• pOH ةدعاق روظنم نم رظني



pHpH [H+][H+] [OH-][OH-] pOHpOH



and pH] -OH], [+O3H[
What is the pH of the 0.0010 M NaOH solution? 
[OH-] = 0.0010 (or 1.0 X 10-3 M)

pOH = - log 0.0010
pOH = 3

pH  = 14 – 3 = 11

OR  Kw = [H3O+] [OH-]
[H3O+]  =  1.0 x 10-11 M
pH = - log (1.0 x 10-11) = 11.00



[OH-]

[H+] pOH

pH



pH testing
• There are several ways to test pH

– Blue litmus paper (red = acid)
– Red litmus paper (blue = basic)
– pH paper (multi-colored)
– pH meter (7 is neutral, <7 acid, >7 base)
– Universal indicator (multi-colored)
– Indicators like phenolphthalein
– Natural indicators like red cabbage, 

radishes ،رمح3ا فوفل.ا لثم ةيعيبط تارشؤم -
لجفلا

ينيجورديهلا مقرلا رابتخA قرط ةدع كانه •

)يضمح = رمح3ا( ءاقرزلا سمشلا دابع ةقرو -

)ةيدعاق = ءاقرز( ءارمحلا سمشلا دابع ةقرو -

)ناول3ا ددعتم( pH قرو -

 7< ،دياحم 7( ينيجورديهلا مقرلا سايقم -
)يدعاق 7> ،يضمح

)ناول3ا ددعتم( ي.اع رشؤم -

Xلاثفلونيفلا لثم تارشؤم -



Paper testing
• Paper tests like litmus paper 

and pH paper
– Put a stirring rod into the solution and 

stir.
– Take the stirring rod out, and place a 

drop of the solution from the end of 
the stirring rod onto a piece of the 
paper

– Read and record the color change.  
Note what the color indicates.

– You should only use a small portion of 
the paper.  You can use one piece of 
paper for several tests.

 نم ةدحاو ةعطق مادختسا كنكمي  .ةقرولا نم طقف ريغص ءزج مادختسا كيلع بجي  -
.تارابتخا ةدعل قرولا

ينيجورديهلا سPا قروو سمشلا دابع قرو لثم قرولا تارابتخا •

 نم لولحXا نم ةرطق عضو ،كيرحتلا بيضق جرخأ  .هكرحو لولحXا يف كيرحتلا بيضق عض  -

.نوللا ريغت لجسو أرقا -

aنوللا هيلإ ريشي ام ظح.



pH paperpH paper
ءا,ا يف ح)م&ا كولس



pH meter

• Tests the voltage of the 
electrolyte

• Converts the voltage to pH
• Very cheap, accurate
• Must be calibrated with a 

buffer solution

ةضومحلا ةجرد

لزاع لولحم مادختساب هترياعم بجي •

تيلورتكلBا دهج سيقي

قيقدو ادًج صيخر •

ينيجورديهلا مقرلا ىلإ دهجلا لوحي



pH indicators
• Indicators are dyes that can 

be added that will change 
color in the presence of an 
acid or base.

• Some indicators only work in 
a specific range of pH

• Once the drops are added, 
the sample is ruined

• Some dyes are natural, like 
radish skin or red cabbage

رمح%ا فوفل9ا وأ لجفلا رشق لثم ،ةيعيبط غابص%ا ضعب •

.ةدعاق وأ ضمح دوجو يف نوللا ريغتس يتلاو اهتفاضإ نكمي غابصأ يه تارشؤ9ا •

ينيجورديهلا مقرلا نم ددحم قاطن يف طقف لمعت تارشؤ9ا ضعب •

ةنيعلا داسفإ متي ،تارطقلا ةفاضإ درجمب •





 

 

 

This diagram shows the relative strengths of conjugate acid-base pairs, as indicated by their ionization 
constants in aqueous solution. 

 

 

 

 

 

 

HA - A ،قفارت8ا ةدعاقلا-ضمحلا جوزل نيأتلا ت(عافت ربتعا

يوضح هذا الرسم البياني نقاط القوة النسبية Gزواج قاعدة الحمضات الصادرة، كما هو مب5 بسبب ثوابتها التأين في الحل ا$ائي.

إضافة هات5 ا$عادZت الكيميائية تنتج ا$عادلة عن البائسة للمياه:



Example: 

 

 

 

Table 1 gives the ionization constants for several weak acids 

 

pKa 
 

2.92 
 

3.14 
 

3.34 
 

3.46 
 

3.74 
 

4.74 
 

7.45 
 

8.69 
 

 

We notice that when the value of Ka decreases the acid is weaker due to the small amount 

of ionization and thus the pKa value is large. 

 

 

نMحظ أنه عندما تقل قيم ك، تنخفض الحمض أضعف بسبب كمية صغيرة من التأين وبالتالي قيمة PKA كبيرة.



Table 2 gives the ionization constants for several weak bases 

 

 

pKb 
 
3.13 
 
3.35 
 
4.13 
 
4.74 
 
9.33 

 

 

We notice that when the value of Kb decreases the base is weaker due to the small amount 

of ionization and thus the pKb value is large. 

 



BUFFERS



Buffers
-Buffers are the solutions which resist changes in pH when small 

-amounts of acid or alkali is added to them. 

- A buffer is a pair of weak acid and its salt.

- Buffers are of main importance in regulating the pH of the body 
fluids and tissues.  

- Many biochemical reactions including those catalyzed by enzymes 
require pH control which is provided by buffers.

ةتقؤ"ا نزاخ"ا

 ةريغص تايمك ةفاضإ دنع ينيجورديهلا مقرلا يف تاريغتلا مواقت يتلا ليلاح"ا يه ةتقؤ"ا نزاخ"ا
.اهيلإ يولقلا وأ ضمحلا نم

.هحلمو فيعضلا ضمحلا نم جوز وه لزاعلا -

.مسجلا ةجسنأو لئاوس ةضومح ةجرد ميظنت يف ةريبك ةيمهأ اهل لزاوعلا  -

 يذلا ةضومحلا ةجرد يف مكحتلا بلطتت تاميزنcا اهزفحت يتلا كلت كلذ يف امب ةيئايميكويبلا ت^عافتلا نم ديدعلا -
 ةجرد يف مكحتلا بلطتت تاميزنcا اهزفحت يتلا كلت كلذ يف امب ةيئايميكويبلا ت^عافتلا نم ديدعلا  .لزاوعلا هرفوت



Buffers
 Mammalian tissues in the resting state have a pH of about 7.4
 In order to maintain the required pH in an invitro 

biochemical experiment a buffer is always used 
 The pH of a buffer is given by Handerson-Hasselbalch 

equation:

pH=  pKa + log [A-]
[HA]

:كلابلساه-نوسردناه ةلداعم ةطساوب تقؤ7ا نزخملل ينيجورديهلا مقرلا ديدحت متي •

 غلبت ةضومح ةجرد اهل ةحارلا ةلاح يف ةييدثلا ةجسنGا •
7.4 يلاوح

 متي ،ربتخ9ا يف ةيويح ةيئايميك ةبرجت يف بولط9ا ينيجورديهلا مقرلا ىلع ظافحلا لجأ نم •
.مظنم لولحم مادختسا امًئاد



Buffers
 pKa= -log Ka

 Ka is the dissociation constant of the acid

 [A-] is the concentration of the base

 [HA] is the concentration of the acid

• Ka يضمحلا ككفتلا تباث وه
• [A- I ةدعاقلا زيكرت وه
• [HA] ضمحلا زيكرت وه



Buffers
- A buffer consisting of a mixture of the weak 

acid(CH3COOH) and its salt (CH3COONa+), and 
Will undergo the following changes on the addition of acid or 
base:

• If the base is added (OH) to the solution it will be buffered 
by the following reaction with acetic acid:
CH3COOH + OHCH3COO- + H2O
So the pH will not change significantly 

 ،)CH3COONat( هحلمو )CH3COOH( فيعضلا ضمحلا نم طيلخ نم نوكتي مظنم لولحم -
:ةدعاقلا وأ ضمحلا ةفاضإ دنع ةيلاتلا تارييغتلل ضرعتيسو
:كيتيسXا ضمح عم يلاتلا لعافتلاب اهفيفخت متيسف ،لولحMا ىلإ )OH( ةدعاقلا فيضُأ اذإ

CH3COOH + OH-> CH3COO- + H2O
.ريبك لكشب ينيجورديهلا مقرلا ريغتي نل اذل



Buffers
 If acid (H+) is added, it will be buffered by another reaction, 

this time using the salt (CH3COO-):
CH3COO- + H+  CH3COOH
The pH will not alter significantly because the CH3COOH
formed is a weak acid

• Addition of more base increases A- and decreases (HA) and 
this doesn’t alter the pH much until [A-]>>>>[HA]

:)-CH3COO( حل<ا مادختساب ةر<ا هذه ،رخآ لعافتب هفيفخت متيسف ،)+H( ضمحلا ةفاضإ مت اذإ •
CH3COO- + H+ » СН3СООН

.فيعض ضمح وه نوكت<ا CH3COOH نS ريبك لكشب ينيجورديهلا مقرلا ريغتي نل
  <<<<§-A[ ىتح ارًيثك pH ريغي \ اذهو )HA( نم للقيو -A نم ديزي ةدعاقلا نم ديز<ا ةفاضإ •

[HA]



Buffers
 The buffering power is greatest when pH=pKa , i.e. when 

the acid and the salt are at the same concentration

.زيكرتلا سفنب حل=او ضمحلا نوكي امدنع يأ ،pH=pa نوكي امدنع ربكأ طيبثتلا ةوق نوكت •



diagram shows the buffer action of these reactions.

.ت=عافتلا هذهل تقؤ1ا نزخ1ا لمعلا رهظي ينايبلا مسرلا





DEFINITION OF SALT OF WEAK ACID AND STRONG BASE 
 

What is salt of weak acid and strong base 

Such salts give alkaline solutions in water. Some of such salts are : CH3 COONa, 
Na2 CO3 , K2 CO3 , KCN etc . For our discussion, we consider CH3 COONa (sodium 
acetate) in water. When CH3 COONa is put in water, it completely ionises to give 
CH3 COO- (acetate) ions and Na+ ions.  

Now acetate ions (CH3 COO- ) absorb some H+ ions from weakly dissociated H2O 
molecules to form undissociated CH3 COOH. Na+ remains in ionic state in water. 

Now for Kw (ionic product) of water to remain constant, H2O further ionizes to produce 
more H+ and OH- ions. H+ ions are taken up by CH3 COO- ions leaving OH- ions in 
excess and hence an alkaline solution. 

Let BA represents such a salt. As it is put in water; 

 

Degree of Hydrolysis 

It is defined as the fraction of total salt that has undergone hydrolysis on attainment of 
equilibrium. It is denoted by h. 

Let c be the concentration of salt and h be its degree of hydrolysis. 



 

 

Example of Salt of Weak acid and Strong Base 

Example 1. 

A Solution of weak acid HA was titrated with base NaOH. The equivalent point was 
reached when 40 mL of 0.1M NaOH has been added. Now 20 mL of 0.1M HCl were 
added to titrated Solution. The pH was found to be 5. What will be the pH of the 
Solution obtained by mixing 20 mL of 0.2M NaOH and 20 mL 0.2M HA? 

A. 7                   B. 4                           C. 9                                  D. 5 
  

Ans. C 



Example 2. 

A Solution of weak acid HA was titrated with base NaOH. The equivalent point was 
reached when 40 mL of 0.1M NaOH has been added. Now 20 mL of 0.1M HCl were 
added to titrated Solution. The pH was found to be 5. What will be the pH of the 
Solution obtained by mixing 20ml of 0.2M NaOH and 20 mL 0.2M HA? 

A. 7                    B. 4                                C. 9                                    D. 5 
 

Ans. C 

 

FORMULA FOR SALTS OF STRONG ACIDS AND WEAK BASES 
 

Such salts give acidic solutions in water. Some of such salts are: NH4Cl, ZnCl2, 
FeCl3 etc. For the purpose of discussion, we will consider hydrolysis of NH4Cl.  

When NH4 Cl is put in water, it completely ionizes in water to give NH4
+ and Cl- ions. 

NH4
+ ions combine with OH- ions furnished by weakly dissociated water to form 

NH4OH (weak base). Now for keeping Kw constant, water further ionizes to give 
H+ and OH- ions, where OH- ions are consumed by NH4

+ ions leaving behind H+ ions 
in solution to give an acidic solution.  

 

pH of solution : 



 

Example For Salts of Strong Acids and Weak Bases 

Example 1                   

The basic ionisation constant for hydrazine, N2H4 is 9.6× 10–7. What would be the 
percent hydrolysis of 0.1 M N2H5Cl? 

A. 0.016                           B. 3.2                           C. 1.6               D. 0.032 
  

Ans. D 

Example 2       

The pH of a 0.02 M aqueous solution of NH4Cl is equal to 

A. 3.78      B. 4.73              C. 5.48                                D. 7.00 
  
Ans. A 

 

FORMULA FOR SALTS OF WEAK ACIDS AND WEAK BASES 
 

Let us consider ammonium acetate (CH3COONH4) for our discussion. Both 
NH4

+ ions and CH3COO- ions react respectively with OH- and H+ ions furnished by 
water to form NH4OH (weak base) and CH3COOH (acetic acid).  

Let BA represents such a salt. 



 

pH of Solution : 

 

 

 

 

 

 



SOLUBILITY AND SOLUBILITY PRODUCT 

 
In this section we are going to consider the solubility of ionic solids in water. 

 • “Solubility” may be considered to be an equilibrium; the equilibrium is between solid 
and ions in solution.  

• Any ionic solid is 100% ionized in aqueous solution; once it actually dissolves.  

• The term solubility always refers to the amount of solid (either in moles or grams) 
that actually does dissolve in solution, producing ions; this amount can be calculated 
for a particular solid.  

• The term solubility may also be used in a qualitative sense; there is no “magic point” 
above which a salt can be described as “soluble”, and below which a salt can be 
described as “insoluble” 

Very roughly........  

“Soluble” - at least 0.1 mol L—1 dissolves  

“Slightly Soluble” - maybe 0.001 to 0.1 mol L—1  

“Insoluble” - less than 0.001 mol L—1 

 

Example 1 

 

 

 

 



 

Example 2. 

Calcium fluoride, CaF2, dissolves in water to the extent of 0.00170 g per 100 mL.  

What is the Ksp for (CaF2) ? [MM CaF2 = 78.1 g mol —1] 

 
 

 

Example 3 

If solid PbCl2 equilibrates with pure water, what are [Pb2+] and [Cl—] in the solution 
at equilibrium? [Ksp(PbCl2) = 1.7 × 10—5] 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 



Solubility and the Common Ion Effect  

• The “Common Ion Effect” is an illustration of Le Chatelier’s Principle.  

• Consider the equilibrium:  

AgCl(s)       Ag+ (aq) + Cl— (aq)  

• What happens to the position of equilibrium if we add some extra chloride 
ion, Cl- (or silver ion, Ag+)? 

Equilibrium shifts to the left. 

• What does this mean, qualitatively, for the solubility of AgCl if there is 
already Ag+ or Cl- in the solution? 

Less AgCl dissolves 

Solubility decreases in the presence of a #common ion# 
 

Example  

Solid AgCl (Ksp = 1.8 × 10—10) is equilibrated with 0.010 M NaCl solution.  

a) What is the solubility of AgCl in the NaCl solution? 

 
Solubility of AgCl in pure water = 1.3 × 10—5 M.  

In the NaCl solution: only 0.13 % of the solubility in water alone! 



Saturated and Unsaturated Solutions  

• The term “saturated” implies that there is equilibrium between solid and solution.  

• If the quantity of a substance in solution is less than that required for equilibrium with 
the solid, the solution is said to be “unsaturated”. This is a common, stable, situation 
but it is not an equilibrium (so Ksp doesn’t apply).  

• If more solid as added to an unsaturated solution, it dissolves until the solution is 
saturated (at which point there is solid in equilibrium with the solvated ions).  

• Consider the compound A2B; first we dissolve some in water to produce a saturated 
solution. 

 
We could write an expression for Q, the Reaction Quotient:  

 

• For a saturated solution, Q = Ksp .  

no more solid dissolve 

• Now suppose that we mix two solutions containing the ions A+ (aq) and B2—(aq). The 
sparingly soluble compound A2B may be formed.  

 
• Write an expression for Q; we call this the ion product:  

 

 Q < Ksp. The solution is unsaturated, and more of the ionic solid, if available, 
will dissolve. 

 Q = Ksp. The solution is saturated and at equilibrium. 
 Q > Ksp. The solution is supersaturated, and ionic solid will precipitate. 

 

Example  

An experiment is performed in which 100 mL of 0.300 M Ca(NO3)2 are mixed with 
200 mL of 0.20 M NaF.  

Ksp for CaF2 = 3.2 x 10—11  

i) Will precipitation occur? 



 



Oxidation-Reduction



Oxidation Numbers
• Oxidation is the loss of electrons; Reduction is the gain of 

electrons
• Oxidation and reduction go together.  Whenever a 

substance loses electrons and another substance gains 
electrons

• Oxidation Numbers are a system that we can use to keep 
track of electron transfers

الاختزال هو كسب الإلكترونات. الأكسدة هي فقدان الإلكترونات
عندما تفقد مادة الإلكترونات وتكتسب مادة أخرى إلكترونات. الأكسدة والاختزال يسيران معاً

أرقام الأكسدة هو نظام يمكننا استخدامه لتتبع عمليات نقل الإلكترون



• Free elements are 0
• Ions have the charge indicated
• Metals : Group 1 = +1; Group 2= +2
• Halogens in binary compounds are usually -1.
• Hydrogen is +1 unless in binary compound with 

metal, then it is -1
• Oxygen is -2 unless in peroxide when it is -1 or 

with fluorine when it is +2



Practice Assigning 
Oxidation Numbers

NO2 N= +4, O = -2

N2O5 N = +5, O = -2

HClO3 H=+1, Cl=+5, O = -2

HNO3 H=+1, N = +5, O = -2

Ca(NO3)2 Ca=+2, N =+5, O= -2

KMnO4 K=+1, Mn=+7, O= -2



Practice Assigning 
Oxidation Numbers

CaCl2 Ca = +2, Cl = -1

K2Cr2O7 K=+1, Cr=+6, O=-2

KH K = +1, H= -1

NaHCO3 Na= +1, H= +1, C=+4, O= -2

H2O H= +1, O= -2

MgO Mg = +2, O = -2



Exercise
For each of the following reactions find the element 
oxidized and the element reduced

Cl2 +       KBr           KCl  +      Br2

Mg    +  HNO3  Mg(NO3)2 +  NO2 + H2O

HNO3 +    I2  HIO3 +            NO2



Exercise

For each of the following reactions find the element 
oxidized and the element reduced
Cl2 +       KBr           KCl  +      Br2

Br increases from –1 to 0  -- oxidized
Cl decreases from 0 to –1   -- Reduced
K remains unchanged at +1 



Exercise
For each of the following reactions find the element oxidized 
and the element reduced

Mg     +  HNO3  Mg(NO3)2 +  NO2 + H2O

•Mg increases from 0 to +2.   It is oxidized
•Only N in nitric acid changes from +5 to +4.  It is 
reduced



Exercise
For each of the following reactions find the element 

oxidized and the element reduced
HNO3 +    I2  HIO3 +      NO2

• N is reduced from +5 to +4.  It is reduced
• I  is increased from 0 to +5  It is oxidized
• The hydrogen and oxygen remain unchanged.


