
 

 

Kw 
•there are 55.5moles of water in 1 liter  
•By calculating this constant we were able to 
calculate [H+] and [OH-]  In any solution. 

 
 
 
 
 

 
 

Examples:  
  
Find the Ka of a 0.04 M weak acid HA whose [H+]  is 1 x 10^-4? 

 
 
What is the [H+] of a 0.05 M Ba(OH)2? 

 
 
[OH-] = 2X 0.05 = 0.10 M = 1 X 10^-1 
[H+] = 1X 10^-13 
 

Kw is called the ion product for water 
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The [H+] of a 0.03 M weak base solution is 1* 10^-10 M. Calculate 
pKb  ?  

  
WHAT IS PH? 

 
 
 
 
 
 
 
 

 

 

 

• A quantitative measure of the 
acidity or basicity  of the solution. 
 

• In terms of scale it ranges from 0 to 14. 
  

High concentration of [H+]  mean low concentration of [OH-] and vice versa 

• In acidic solutions like gastric 
acid [H+] >[OH-]. 
  
•In basic solutions like ammonia 
[H+] < [OH-]. 
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PH 
 
The pH scale is a logarithmic scale , One pH unit difference implies a 
10-fold difference in [H+]. 
 
Example: lemon juice at pH 2.0 contains more than 100 times as 
much H+ asorange juice at pH 4.0 
 
pH = - log [H3O+] 
[H3O+] = 10-PH 
 
Example 1: [H,O*] in household bleach is 10^-12 M 
pH = - log [10^-12] = 12 
 
Example 2: Orange juice has a pH of 4 
[H3O+]= 10^-4 M 
 
NOTES : 
1)THE PH OF URINE BETWEEN 5 AND 8 
2) Female urine more acidic than Male urine 
• female urine PH < male urine PH  
 
3)  The normal pH of saliva ( اللعاب)  is 6.6 , but there are many values 
for saliva PH ,and  slight different between individuals due to 
  
• Different cleaning habits  
• Different eating habits (types of diets) 
 
4) there have a lot of enzymes that work on limited ph and any small 
difference affecte its work 
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Determination of pH 
• Acid-base indicators: 
Acid-base indicators give us an idea  if we have acid or base but they don’t 
determine the exact value of pH. 
 
1- Litmus paper (least accurate) 
* Bace (Red to Blue ) 
* Acid (Blue to Red ) 

 
2- Universal indicator 
• An electronic pH meter (most accurate)  
Is a device that has an electrode which  is dipped in the solution with 
an  unknown pH giving a numerical  reading of the pH. However, 
before  using it the electrode should be dipped  in a standard solution with a 
known pH  value, in order to ensure that the device  is measuring the correct 
pH value 
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Exercises: 
-What is the pH of ? 
* 01 M HCI? 
* 0.01 N H2SO4? 
* 0.01 N NaOH? 
* 1 × 10^-11 HCI? (this is a tricky one)? 
* 0.1 M of acetic acid (CH3COOH)? Remember Ka?  
 
Solutions: 
1) full ionization  
[H+]= 0.01 = 10^-2 
pH = 2 
 
2)  H+ almost equal 2moles  
    [H+] = 2*0.01= 2*10^-2 
 
3) NaOH strong base so it will ionize completely  
 [OH-] = 10^-2  
 [H+]= 10^-12 (from Kw equation )  
 PH = 12  
 
4) HCl strong acid , it has very low concentration and it is dulated 
by water. 
Water gives H+ in concentation equal to (10^-7)  
When summing the two concentration (or without summation 
because 10^-11 small ) the result is almost (10^-7)  
pH is less than  7 around 6,98 
 
5) acetic acid is a weak acid and it is not ionized fully ,as a result 
the concentration of H+ will be less than 0.1 ,So we must use Ka 
equation 
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Henderson-Hasselbalch Equation 
 
The dissociation of a weak acid is as follows: 

 
The acid dissociation constant is as follows: 
 

Rearranging this expression in terms of the parameter of 
interest [H+] gives the following: 
 

 
Take the log of both sides: 
 
Change the signs, remember pKa  =-log Ka:  

 
• Ka is a property of the acid  
• pH is a property of a solution  
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We can prepare from HCl as example a solution it’s pH =1 
and another solution it’s pH = 2 when diluted , but pKa of the 
acid  remains constant.  
 
 The behavior of the molecules is affected by the pH of the 
solution , we mean by behavior the ionization state (the ratio of 
molecules that protonate or deprotonate),but the strength of the 
acid (Ka and pKa ) is constant and unaffected. 
 
As we mentioned , the pKa constant , but i can prepare diffrent 
solutions with different  pHs , so it will affect how much of the 
acid molecules will deprotonate and how much will remain 
protonated. 
  
Henderson-Hasselbalch Equation Links the changes in pH of a 
solution ( not the pKa sence it is constant) with the changes of the 
ionization status of the molecules.   

Examples:  
 1) pH =5 , pKa= 5 
5 = 5+ log [A-]/[HA] 
Log[A-]/[HA]= 0  
*log (1) =0  
[A-]/[HA]=1  
The ratio of [Conjugated base] to the [acid] is 1:1  
Means 50% of acid get ionized and 50% remains protonated . 
pKa is the ph where 50% of acid is dissociated into conjugate 
base. 
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2) preparing another solution of the same acid with pH =3  
3 = 5+ log [A-]/[HA] 
log [A-]/[HA]= -2  
Log x= -2 -> x=10^-2  
[A-]/[HA]= 0.01  
One molecule gets ionized while 100 remain protonated  
 
3) preparing another solution with pH = 7  
7 = 5+ log [A-]/[HA] 
log [A-]/[HA]= 2  
[A-]/[HA]= 100  
100 molecule get ionized and turns to conjugated base while 1 
reamains protonated . 
 
Conclusion 
In more basic environment the acid get more ionized (  بستعرض

 and in more acidic environment it more stays, ( أكثر بتأين و عضالته
protonated. 
 

 عنده الثاني و big muscles عنده واحد ، بشخصين الموضوع شبهت الدكتورة
 ناس مع حطيناه لو( قوي حمض) كبيرة عضالت عنده الي الشخص ، قليلة عضالت

 هو العضالت استعراض)  عضالته يستعرض رح فما( أكثر حمضية بيئة) منه أقوى
 مع حطيناه لو( ضعيف حمض)  عضالت شوية عنده الي الشخص و ،(��التأين

 عليهم يتشاطر و عضالته يستعرض رح( أكثر قاعدية بيئة) منه اضعف اشخاص
  ( تأثرت ما الحمض قوة)  تأثرت ما االثنين عضالتهم انه الحظ ��

 
Addition of small amount of acid to pure water results in 
reducing pH value significantly,you can observe this when 
Squeezing some  lemon in a cup of water , the taste becomes 
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sour (حامض),  as a result , water is not a true buffer because it 
doesnt resist changes in pH , but it can contribute in the 
function of the buffer . 
 
In contrast , if we add 0.5 mol of NaOH to one mole of acetic 
acid CH3COOH (weak acid) , they will react with each other 
and produce salt and water . 
 
HC2H3O2  + NaOH  ----> NaC2H3O2 (salt) + H2O  
 
0.5 mol of NaOH reacts with 0.5 mol of acetic acid , 0.5 mol 
of acetic acid remains unreacted  
The final solution is composed of 0.5 mol of acid ,0.5 mol of 
salt and 0.5 mol of water and we call it BUFFER  
The buffer could be acid (pH<7) or base (pH>7) 
 
How to prepare a BUFFER ?! 
Acidic buffer : starting with weak acid adding to it a strong 
base in smaller amount  
Basic buffer : starting with weak base adding to it a strong 
acid in smaller amount ( adding amount produce close values 
of  base and salt )  
 

Why do we need buffers ?!  
In chemical side , some reactions produce side products could 
be acid or base , and this affects the reaction and may slow or 
stop it , so adding a siutable buffer will limit this effect of the 
side product. 
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How the buffer works?  
Test 1: adding HCl to the above buffer 
NaC2H3O2(salt)+HC2H3O2(acid) +water) 
 
NaC2H3O2(s) ==========> Na+(aq) + C2H3O2-(aq) 
C2H3O2- +HCl ==========> HC2H3O2 + Cl-  
 
The acetic acid forms again and it is weak acid in comparison 
to HCl , so a slight drop will occur to the pH  
 
Test 2: adding NaOH to the buffer  
 
C2H3O2- + NaOH ==========> NaC2H3O2 + H2O  
The salt forms , slight rise in pH  
Each buffer has capacity that limits it’s function, increasing 
above the capacity limit results in failure of the buffer. 
A comparison of the change in pH 
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                     Water Vs acetic acid  
0.010 mol of base are added to 1.0 L of pure water and to 1.0 L 
of a 0.10 M acetic acid 0.10 M acetate ion buffer, the pH of the 
water varies between 12 and 2, while the pH of the buffer varies 
only between 4.85 and 4.68. 

What is a buffer? 
The buffers form during the titration. 
They are solutions that resist changes in pH by changing 
reaction equilibrium. composed of mixtures of a weak acid 
and a 
roughly equal concentration of its conjugate base. 

Note //  the strong acids and bases can not work as buffer because 
it is unidirectional(non reversible) it is mean it is dissociation 
completely 
 
 
 
 

So it so you can not resist the change in the PH
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Titration curve of buffer 

The curve starts at low pH and ends at higher one , because 
we titrate an acid. In this curve we are titrating acetic acid 
which is weak .. 
# we can titrate strong or weak acids/bases  
# the added acid or base must be strong  
 
 
Why it has this shape ?  
It starts steep and in the middle almost plattued (flat) and ends 
steep. 
In the first steep we adding the base gradually, and there is a 
large amount of acid molecules and small amount of base so 
the reaction happen rapidly.  
In the final steep the amount of base is large sence we 
proceeded adding the base , and the amount of acid is low , so 
the reaction will happen rapidly. 
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In the middle , the values was almost equal , that’s why the 
reaction was slow and the curve was almost flat.  
In the midpoint the curve shifted from concave downward to 
upward , this point called inflection point  
In this point the added amount of base = 0.5 equivalent , sence 
it reacts with the half amount of acid.  
We consumed the half amount of acid and it turns to 
conjugated base 
Using Henderson-Hasselbalch equation 
pH = pKa + log[A-]/[HA]  
* [A-]/[HA] = 1  
Log (1) = 0  
--> pH=pKa in the inflection point  
 
The Equivalence point ; where the amount of base is equal to 
the amount acid in the begining of reaction , and It's not 
necessary to equal 7 or around this value , it depends on the 
value of pKa of the acid which represents the strength of the 
acid , and the values will be around the pKa up and down. 
 
The region in the middle where the changes of pH were slow 
is called the buffering capacity ,means if we take a solution 
from this region we can use it as a BUFFER. 
The range of the values of pH in buffering capaciy , almost 1 
unit apove and down the pKa. 
The value of the desired pH that should be maintained have to 
be from the middle values of the buffer region , for example , 
we don’t chose a buffer works in pH values range 5-7 to 
maintain the pH of solution at 7 , it will not work . 
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How do we make/choose a buffer? 
A buffer is made by combining weak acid/base and its salt. 
The ability of a buffer to function depends on: 
 
-  buffer concentration , increasing it lead to increase the number   
of molecules  

 رح ماكل  ) الجزيئات (الجنود عدد مازدنا كل ، بالجيش الدكتورة شبهتها
 ) المضافة القاعدة او الحمض ��( للعدو يتصدى

 
- the desired pH , which has to be in the range ( in middle) of 
buffering capacity . 
 
- PKa of the buffer. 

  

Acetic acid(blue line)  is the strongest 
acid in the picture , since it has the 
lowest pKa (remember the inverse 
relationship between pKa and Ka ) 


