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pH and buffers (part 1) 
 

 

Kw (ion product of water) = 1.0 x 10-14 {constant} 

 
Is the product of the concentrations of OH- and H+ ions in any solution. 

However, in aqueous solutions there are equal concentrations of OH- and H+ ions, 
where each equals 1.0 x 10-7. 

 

The formula:- 

The Kw constant can also be calculated using the formula shown below, where the 
equilibrium constant is multiplied by the concentration of water (55.5M). 

 

(RECAP) 
From the last lecture it was said that if there is a high concentration of H+ in a solution 
then the concentration of OH- will be low (Vice-versa) in order to maintain the total 
number of ions in the solution as well as the Kw constant (1.0 x 10-14). 

 

Check this table which shows the changes in the 
concentrations of H+ and OH- respectively across different pH 
values. 

 

What is pH? 

A figure (Quantitative measure) expressing the acidity or 
basicity of a solution, with values ranging from 0-14 

It can be calculated using the following formula which is fairly 
similar to the way by which the pKa value is calculated from the Ka value of a solution 
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The pH is used to compare the acidity and basicity of different solutions through the pH 
scale which ranges from 0 to 14. 

At a very low pH (almost 0) such as that of HCL 
(1M)  the concentration of protons (H+) is 
extremely high! 

Whereas the concentration of the protons 
produced by the dissociation of weaker acids 
when compared to HCL like (human gastric acid/ 
tomato, lemon and orange juices, etc..) is lower. 

Once a pH of 7 (Middle point) is reached the 
concentrations of H+ and OH- are equal hence 
forming a neutral solution (Like water). 

As the OH- concentration increases the pH value 
rises reaching 14 (wich means that the solution is 
very basic and the concentration of OH- is higher 
when compared to the lower concentration of 
the H3O+). 

We͛ǀĞ�ƉƌĞǀŝŽƵƐůǇ talked about acidic and basic 
solutions but how can we determine it? This can be achieved by the following 
techniques: 

1)Acid-base indicator: 

 A- Litmus paper(αϣηϟ�ΩΎΑϋ�ϕέϭ):- Which is the least accurate. We use it to determine if 
ŝƚ͛Ɛ�ĂĐŝĚŝĐ�Žƌ�ďĂƐŝĐ͕�ďƵƚ�ƐĐŝĞŶƚŝƐƚƐ�ŚĂǀĞ�ŵĂŶƵĨĂĐƚƵƌĞĚ�ŵŽƌĞ�ĂĐĐƵƌĂƚĞ�ůŝƚŵƵƐ�ƉĂƉĞƌ͕�ƚŚĂƚ�
can tell you what the PH ĂůŵŽƐƚ�ĞǆĂĐƚůǇ�ŝƐ͘�/ƚ�ŐŝǀĞƐ�ǇŽƵ�Ă�ƐĐĂůĞ�ǁŝƚŚ�ĚŝĨĨĞƌĞŶƚ�ĐŽůŽƌƐ͘�;/ƚ͛Ɛ�
quite accurate) 

Note**The colors of a pH strip correspond to pH ranges, not to a specific pH. 
Consequently, when you use pH paper, you can't get an exact number. If you need a 
definite number for the work you're doing, pH paper won't be very helpful. You can 
estimate the pH, but you'll have a highly uncertain value; pH meters, by contrast, will 
give you a more exact figure. 
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b- Universal indicator: - is a pH indicator made of a solution of several compounds that 
exhibits several smooth color changes over a wide range pH values to indicate the 
acidity or alkalinity of solutions, as shown below: 

 

 

 

 

 

2) Electronic PH meter (which is the 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. 

 

 

 

 

 

 

 

*Remember that pH is a logarithmic scale, in other words 1-unit difference between 
two pH values, which means that there is a 10-times difference in the concentration of 
protons among these pH values. 
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Example: -  

As shown in the figure, the pH of the lemon juice (pH=2) is 2 units less than that of the 
Orange juice (pH=4), hence there is 100 
times more (102) protons in the lemon juice 
than in the Orange juice. 

Example 1 in the figure represents a usual 
calculation of pH by implying the formula:-                  
pH= -log[10x]  

(x= concentration of the solution in M) 

In addition, the proton concentration could be calculated from the pH value such as in 
example 2 of the figure.  

Where X=10-pH 

Note* Not all the values present in the table are for 
memorization. 

The list present on the side contains the pH values of 
many common fluids.  

For example, the pH of Urine that ranges from 5 to 8, 
where the female urine is more acidic (more towards 
5) than that of the male urine (more towards 8). 

In addition, the blood plasma has a pH of 7.4, which 
will be discussed later on in more details. 

The pancreatic fluid has a pH of almost 8 to allow the 
functioning of various pancreatic enzymes. 

The saliva has a pH of 6.6 making it acidic. However, it 
varies from an individual to another based upon the differences in cleaning and eating 
habits (oral habits in general). For example, we expect that the pH of the saliva of an 
ŝŶĚŝǀŝĚƵĂů�ǁŚŽ�ĚŽĞƐŶ͛ƚ�ƚĂŬĞ�ĐĂƌĞ�ŽĨ�ŚŝƐ�ƚĞĞƚŚ�ƚŽ�ďĞ�ŵŽƌĞ�ĂĐŝĚŝĐ�ƚŚĂŶ�ŶŽƌŵĂů�;ůĞƐƐ�ƚŚĂŶ�
6.6) thus increasing the probability of developing dental cavities. 
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In the first example shown below, we should calculate the Ka of a weak acid having a 
concentration of 0.04M with [H+] of 1 x10 -4 M, we should assume that [H+]=[A-] since 
the weak acid dissociates into H+ and A- where both have the same ratio (1:1). After 
that substitute the values in the formula: 

Ka=( [H+]*[A-] )/ [HA] 

 

 

 

 

In the second example shown below, we should calculate the concentration of protons  
[H+] in a dibasic solution of Ba(OH)2 , hence we should multiply the [OH-] by 2. Then 
since the product of [H+] and [OH-] is 1.0 x 10-14. 

Therefore, to find the [H+] the Kw constant (1.0x 10-14) should be divided by the [OH-] 

 

 

 

 

 

 

In the third example below, we should calculate the pKb of a weak base (0.03 M) given 
that the [H+] present in this basic solution (1.0x 10-10). First of all, the [OH-] should be 
calculated by dividing the Kw constant by the [H+]. Followed by the calculation of the Kb 
of the weak base by using the formula below where [OH-]=[BH+] 

Kb=( [OH-]*[BH+] )/ [B] 

Finally, the pKb is calculated by taking the negative logarithm of the Kb value, as shown 
below: -  

pKb= -log(Kb) 
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Henderson-Hasselbalch equation: 

We use it when we want to know what is the relationship between the PH and the pKa. 

 Remember that**, PH gives us an indication of how much protons are in a solution, and 
for that it gives us measurements. But pKa gives us the equilibrium of a weak acid 
;ƉƌŽĚƵĐƚƐͬƌĞĂĐƚĂŶƚƐͿ͕�ƉůƵƐ͕�ƐŚŽǁŝŶŐ�ƵƐ�ƚŚĞ�ƐƚƌĞŶŐƚŚ�ŽĨ�ŝƚ�ї�dŚĞ�ůŽǁĞƌ�ƚŚĞ�Ɖ<Ă͕�ƚŚĞ�
stronger the acid is. 

The images below show the derivative of the Henderson-Hasselbalch equation: 

To begin with, for the dissociation of a weak acid, Ka value could be calculated by the 
formula:-                                          Ka=( [H+]*[A-] )/ [HA]. 

Followed by rearranging the formula and making [H+] the subject of the formula we get: 

[H+]= ( Ka*[HA] )/[A-]. 
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After that we obtain the pH by taking the log of both sides, with some mathematical 
skills the final equation will be derived!  

Bear in mind that pKa is  

Independent of the pH 

Since it is a constant! 

Hence a change in the 

pH of a solution is due  

to changes in the  

relative concentrations 

of the acid and its  

conjugate base 

 

 

What is the significance of Henderson-Hasselbalch equation? 

�W,�ĚŽĞƐŶ͛ƚ�ŽŶůǇ�ĚĞƉĞŶĚ�ŽŶ�ƚŚĞ�ĐŽŶĐĞŶƚƌĂƚŝŽŶ�ŽĨ�ƚŚĞ�ƉƌŽƚŽŶƐ�;ĂƐ�ǁĞ�ƚŽŽŬ�ĞĂƌůŝĞƌͿ͕�ŝƚ ڮ
also depends on the concentration of the conjugate base over the concentration of the 
acid. So, when I can say that PH of an acid equal to the pKa of it?  

 When the acid is half dissociated, half of it is in the acidic form, and the other is in ڮ
the conjugate base form. (½ over ½) gives us 1, and the log 1, equals to 0, therefore the 
PH value= pKa, as shown below: 

 

 

 

 

͞,ŽǁĞǀĞƌ�ĚŝĨĨŝĐƵůƚ�ůŝĨĞ�ŵĂǇ�ƐĞĞŵ͕�ƚŚĞƌĞ�ŝƐ�
always something you can do and succeed at. It 
ŵĂƚƚĞƌƐ�ƚŚĂƚ�ǇŽƵ�ĚŽŶ͛ƚ�ũƵƐƚ�ŐŝǀĞ�ƵƉ͘͟�-Stephen 
Hawking. 
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The figure above compares between the changes in pH of pure water (line in blue) and 
Acetic acid- acetate ion buffer system (line in red) as different concentrations of OH- 
and H+ (H3O+) were added.  

To begin with as the [H+] increased (towards the right) there was a great drop in the pH 
of pure water. However, for the acetic acid- acetate ion buffer system there was a slight 
decline in pH (almost negligible). 

On the other hand, as the [OH-] increased (towards the left) there was a upsurge in the 
pH (more basic). However, for the acetic acid-acetate ion buffer system there was a 
minimal increase in pH (almost negligible).  

In conclusion, pure water cannot maintain the pH of a solution, while buffer systems 
such as the acetic acid- acetate ion system can almost maintain a constant pH when 
small concentrations of acid or base are added. 

What is a pH buffer? 

Buffer solution ( �˷˶υϧϣ�ϝϭϠΣϣϡ ): - (basically weak acid or weak base and their conjugate 
acid/base) that resist changes in pH by changing reaction equilibrium. Contains at least 
two components (acidic form + conjugate base form, if we have more a greater amount 
of one of them, we will have less amount from the 
other). 
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The figure below shows some examples of Acidic buffer systems, where the weak acid a 
long with its conjugate base resist changes in pH. Additionally, basic buffer systems 
works the same, as the weak base along with its conjugate acid resist changes in pH. 

 

 

 

 

 

Titration curve of a buffer system 

The figure shows the titration of  acetic acid (pH=2) and its conjugate base (acetate ions) 
with OH- ions gradually 
(drop by drop). 

 This curve is divided 
into two parts the first 
half (concaved 
downwards) and the 
second half (concaved 
upwards). However, the 
focus here on the 
middle which represents 
the inflexion point in 
which the concavity of 
the curve changed, 
where the half-equivalence point is reached (mid-region of the buffer system where 
50% of titration is over) .Bear in mind, that the pH=pKa at this point since the 
concentrations of acetic acid and acetate ions are equal. 

NOTE** the equivalence point is not always equal to 7, it depends on the type of 
acid/base reacted. 
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Right at the beginning of the titration there was a huge concentration of the acetic acid, 
hence increasing the rate of reaction causing a great change in pH. (before the buffer 
system gets into action). 

Right at the end of the titration there was a huge concentration of the OH- ions and very 
little amount of acetic acid since it is almost got neutralised, hence there was a very 
large increase of pH (after the buffer system gets into action). 

However, in the mid-region (blue rectangle) the concentrations of acetic acid and its 
conjugate base (acetate ions) were almost close to each other, hence this buffer system 
acted by decreasing the rate of change in pH of the reaction. 

As you can notice below in the figure the range of the buffering region (buffering 
capacity) is +/-1 units above and below the half-equivalence point (5.76-3.76). 

How to make and choose a buffer? 

In order to choose the suitable buffer, we must ask ourselves, what is the PH value of 
the solution we want to maintain? If we want it to be 5, the best buffer to use is acetic 
acid/acetate buffer system. However, if we want it to be 9.25 the best buffer is the 
ammonia /ammonium ion buffer system. 

Recap* The buffer is made by combining weak acid/base with its salt. 

The ability of a buffer to function depends on two factors: - 

1) Buffer concentration ї�ŝƚ�ǁŝůů�ŶŽƚ�ĂĨĨĞĐƚ�ƚŚĞ�ďƵĨĨĞƌŝŶŐ�ĐĂƉĂĐŝƚǇ͕�ďƵƚ�ŝƚ�ǁŝůů�ĂĨĨĞĐƚ�ƚŚĞ�
ĂďŝůŝƚǇ�ƚŽ�ƌĞƐŝƐƚ�ƚŚĞ�ĐŚĂŶŐŝŶŐ�ŝŶ�ƚŚĞ�W,ї�/Ĩ�ǇŽƵ�ŝŶĐƌĞĂƐĞ�ƚŚĞ�ĐŽŶĐĞŶƚƌĂƚŝŽŶ͕�ƚŚĞ�
resistance will be increased because we have more base (or conjugate base) that will 
take or release protons, and the opposite is true). 

 2) Buffering capacity. also known as buffering range, along which the buffering system 
can resist changes in pH.It highly depends on pKa of the buffer and the desired pH value 
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By applying Henderson-Hasselbalch equation calculate the pH of the acetic acid/ 
acetate ion buffer system present in the below figure: - 

 

 

 

 
Similarly using the same equation the pKa could be also calculated. 

 

 

 

  



12 | P a g e  
 

Below are a number of  number of self-assessment questions, test yourself ! 

1) What is the pH of? 

 a) 0.01 M HCl? 

 b) 0.01 N H2 SO4? 

 c) 0.01 N NaOH? 

 d) 1 x 10-11 HCl? (this is a tricky one) 

e) 0.1 M of acetic acid (CH3COOH)?  Remember Ka. 

 

2) Predict then calculate the pH of a buffer containing : 

 a) 0.1M HF and 0.12M NaF? (Ka = 3.5 x 10-4 ) 

 b) 0.1M HF and 0.1M NaF, when 0.02M HCl is added to the solution? 

3) What is the pH of a lactate buffer that contain 75% lactic acid and 25% lactate?      
(pKa = 3.86) 

4) What is the concentration of 5 ml of acetic acid knowing that 44.5 ml of 0.1 N of 
NaOH are needed to reach the end of the titration of acetic acid? Also, calculate the 
normality of acetic acid.  

Note for Q4**(The number of equivalents of OH- required for complete neutralization is 
equal to the number of equivalents of hydrogen ion present as H+ and HA) 

** FOR MAIN IDEAS 

** FOR EXPLAINATION 

**FOR GENERAL INFO  

 



1. Calculate the hydrogen ion concentration, [H+], for each 
of the following materials:

(a) Blood plasma, pH 7.4 (b) Orange juice, pH 3.5 
(c) Human urine, pH 6.2
(d) Household ammonia, pH 11.5 (e) Gastric juice, 
pH 1.8

2.What is the [CH3COO−]/[CH3COOH] ratio in an acetate buffer 
at pH 5.00?

3.Calculate the pH of a buffer solution prepared by mixing 25 
mL of 1.0 M lactic acid and 75 mL of 1.0 M sodium lactate 

4.What is the ratio of concentrations of acetate ion and 
undissociated acetic acid in a solution that has a pH of 5.12? 
(pKa = 4.76)

5. What is the ratio of TRIS/TRIS-H1 in a TRIS buffer at pH 8.7? 
(pKa = 8.3)

SHORT QUIZ



ANSWERS

Q1)

Q2
.

Q3 Q4 Q5

2.31.7 4.34 2.5HO


