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Buffer solution                                                م ل ح  ل  

A buffer solution is defined as a solution that resists changes in pH 

when it is diluted or when acids or bases are added to it. Buffers are used 

in all types of chemical applications whenever it is important to maintain 

the pH of a solution at a constant and predetermined level.  

ف       لليع غي في قي  ل ل ي  ح  ل م بأنه  ل م ح  ي ع م لح ل 
. ي ل ع  ل لأح أ  ف  ض ه أ ع  ي م ت يع أن  ي ل تس في ج ليل  ح ل

ح ع مس  ي ل م لح ل  ل لح ع قي  م  ل ئي ك ك من  ي ي ل ي  ل
 .ً ب مح س بت   ث

Generally, buffer solutions are prepared from a conjugate acid / base 

pair (i.e. weak acid and its conjugate base or a weak base and its conjugate 

acid), such as acetic acid/sodium acetate or ammonium chloride/ammonia. 

ي    م تح ، ي م مض  ضعيف لع : ح ين ) ل ع  مض/ ق م من  ح ل ح 
ي  ل ته  ع ي  أق ل يك مع خلا  ل مض  ل ح ين( م ل م  ح ع ضعي   أق

. ني لأم ني مع  لأم ي   ك

Buffer solutions also may be formed during titration of weak acid like 

acetic acid with strong base like NaOH. The solution will contain a 

mixture of not titrated acetic acid and sodium acetate that formed by the 

addition of NaOH and therefore the pH value is slightly changed. If all 

the acid is neutralized and the solution contain CH3COONa then pH value 

will rise suddenly at the end point (equivalent point) of the reaction. 

ع  يك مع ق ل مض  ل ح مض ضعيف م ي ح ء مع ل أي أث ليل  ح ل ت 
ل  يك  ل مض  يط من ح ف يح ع خ ح س ل  . ي ل كسي  ل هي ي م ق

ي ل كسي  ف هي ض ي  نت ن ي ت ل ي  ل خلا  ل قي لم يسحح بع   
ح يح ع  ل ح  أص مض  لح يلاً. أم  تم تع كل  غي ق ي س م لح ل  ل

ي )ن  ل جئ ع ن  ل م ي بش م لح ل  ل ع قي  ت ف ت ي فس ل خلا 
عل. ( ل ع ل ف   ل  
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Properties of Buffer Solutions                                  ل ليل  ح ل  ص 

Buffers are characterized by the resistance to changes of pH brought 

about by dilution or addition of strong acids or bases. 

يز      يف أ لت ل ج عن  ل ي  م لح ل  ل غي في قي  م ل ل ب ليل  ح
لأ ف  ض .عن  ي ل ع  ل ح أ  

1- The Effect of Dilution 

The behavior of buffered and unbuffered solutions with dilution are 

shown in figure below. The resistance of the buffered solution to changes 

in pH during dilution is clearly shown. 

ن س   ل أ لش ين  م لي يف، حيث  م ل ل  ت  غي ل  ليل  ح لح
سم. ل ض من خلا  يف ي ب ل ي خلا  م لح ل  ل غي في قي  م ل ل  

 
 

2- The Effect of Added Acids and Bases 

The second property of buffer solutions is their resistance to pH 

change after addition of small amounts of strong acids or bases. 

ف        ض ي بع  م لح ل  ل في قي  غي م ل ل هي م ليل  ح ني ل ل صي  ل
. ي ل ع  ل ي أ ل مض  لح ي صغي من   ك

If a solution of acetic acid is mixed with a solution of sodium acetate, a buffer 

solution of certain pH value is formed. When small amount of dilute HCl is 

added then its H
+ 

ions will react with acetate ion and acetic acid is formed, 

which is sparingly ionized and hence change in pH is relatively small. The 

same manner is applied when adding small amount of dilute NaOH solution, 
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where OH
- 
ions will react with H

+ 
ions of acetic acid to form water and again 

results in only a negligible change in pH value of the buffer. While adding as 

little as 0.1 mL of HCl to a liter of H2O shifts the pH from 7.0 to 3.0 

م    ف ي مح م ، س ي ل يك مع مح خلا  ل مض  ط مح ح  تم خ
ن  ي ف ف  ل يك  ك ي ل مض  ي صغي من ح ف ك ض . ع  ي معي م ل ح قي 

لا ل عل مع أي  ف ت ه س جين م ي ي  ل ج ق أين ب ل ي يك  ل مض  ين ح م ت ي
 ً يل ج لا ب ق ي  م لح ل  ل غي قي  ً  من ثم لن ت ي ج ف ك ض ل ت ع  لح س  . ن

عل مع  كسي س ي ل ن  ي ف، حيث   ل ي  ل كسي  صغي من مح هي
يك  ل مض  جين لح ي ل ن  لا ب ي ي  م لح ل  ل غي قي  ي لن ت ء  ل لي 

 ً يل ج ك ق ف  .لا ي ض ء مل من  0.1 من أقلفي حين  ل ل  كز  ل يك  ك لي مض  ح
ي من  م لح ل  ل ف يغي قي    3.0ل  7.0س

 

3- Buffer Capacity                                          م ل ح  ل  )  ق )سع
Each buffer solution has a certain capacity to withstand the adding 

amounts of strong acid or strong base that is without changing pH value (or 

cause a little change) of the solution. This ability is called buffer capacity. 

ح  م له ق معي ل مض كل مح م لح ي أ  ل ع  ل ي معي من  ف ك ض ل 
ف  ه م يع  . ح ( ل ي ب تغي  ي )أ يس م لح ل  ل في قي  ل  تغيي

م. ل ح  ل  ب 
Buffer capacity depend on two factors:     
❖ The ratio of the molar concentrations of the weak acid to its 

conjugate base (salt): 

The capacity will be at maximum when the concentration of the salt is 

equal to the concentration of the acid. This occur at the middle of the 

titration (i.e. pH = pKa of the weak acid or pOH = pKb of the weak base). 

For example if 50 mL of 0.1M NaOH solution is added to 100 mL of 0.1M 

CH3COOH solution, then the mixture will contain equal concentrations of 

acetic acid and sodium acetate. 
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❖ The concentration of acid and salt; 

Capacity of the buffer solution is increasing with the increase in   

the concentrations of the acid and salt. 

عيف        ل مض  ح ي ل لا ل كيز ل لأ ه نس  ين:  م م ع ع ل ح  ل تع ق 
ل ح( حيث ت ل ي ) ل ته  ع ه ع ق ل أق كيزل  ح مع ت ل كيز  س ت م ي  

لك ع يح  عيف  ل مض  ل  لح ي  ي مس م لح ل  ل ي حيث ت قي  ع ل ف  م
ك  بت ت عيفقي ث ل مض  ل أ لح ك  بت ت ل قي ث ي  عي عمس مل ل لع . أم 

مض لح ح  ل كيز كل من  ت ني ف ل بزي ل عيف حيث تز  كيز. ل   ل

 

Types of Buffer Solutions                                  ل ليل  ح ل  أن 
1- Buffer solution of weak acid and one of its salts: 

أحد أملاحه  المحلول المنظم لحامض ضعيف 
Solution containing a mixture of weak acid (HA) and its salt (MA) 

having equilibrium between a weak acid and its salt as following: 

HA(aq) +  H2O    ⇌    H+
(aq)  

 
+    A

-
(aq)

 

                             MA(s) +  H2O      →   M+
(aq) 

 
+   A

-
(aq) 

The dissociation constant of the weak acid is: 

 

 ⇒⇒⇒ [H
+
] = Ka  Ka =    

 

 

 [H
+
] = Ka  

 

(Note: It’s clear that the hydrogen ion concentration depends only on the 

ratio of the molar concentrations of the weak acid and its salt. Furthermore, 

this ratio is independent of dilution because the concentration of each 

component changes proportionally when the volume changes.) 

[H+] [A-] 
[HA]  

[A-] [HA] 

[acid]  

[salt] 
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لا  ل كيز ل ط ع نس  جين يع ف ي ل كيز أي  ضح أ ت ل   ملاحظة: من 
ح لا ل ل كيز  ل ل  عيف  ل س لا تع ع لمض  ل لك، ه  ح. علا ع 

م.  لح ي مع تغيي  س غي ت كيز كل م ي ب أ ت يف بس ل  

Taking logarithms and reversing the sign throughout: 

-log [H+] = -log Ka + (-log [acid] / [salt])  

 pH = pKa - log [acid] / [salt]       or        pH = pKa + log [salt] / [acid] 

 

This relation is Henderson-Hasselbalch equation, which is used to 

calculate the pH of buffer solutions. 

 

 

Ex. What is the pH of a buffer solution contains 0.1M HF and 0.1M NaF 

(pKa for HF =3.167), and calculate the pH change (△pH) that takes place 

after addition of 0.01M HCl to the buffer solution.  

       pH = pKa + log [salt] / [acid] 

       pH = 3.167 + log (0.1 / 0.1)    

             = 3.167 

After addition the strong acid, [H+] concentration is increased and the 

reaction directed to the left. 

ش  ل لأي  عل تأثي  ب ف يز  جين س ي ل ن  ي كيز  ل ف ت مض  لح ف  ض بع 
عيف. ل مض  لح كيز  ي ت ت  سي(  ب لع عل  ل ليس ) عل نح  ل ه   سي

[weak acid]New = [weak acid]original + [add strong acid] 

                         = 0.1+ 0.01 

                         = 0.11M 

[salt]New = [salt]original - [add strong acid] 

              = 0.1- 0.01  =  0.09 M 

 

 pH = pKa  + log 

 

[salt] – [add strong acid] 

[acid] + [add strong acid]  
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 pH = 3.167 + log (0.09 / 0.11) 

       = 3.08  △pH = pH2 – pH1 

         = 3.08 – 3.167   =   – 0.087 

يل         ي ض م لح ل  ل ل في قي  ً  نلاحظ   ش )أي  ج ل لأي  ج  ب  بس
ي  م لح ل  ل ء ) نت ل ف ك لاض ل  ه  جين(  ي ل = 7ل ح  ج  4( لأص لع 

  . ل لح ش في ه  ل لأي   

ف     ض ت عن  ل كسي  ي ل ن  ي ي ف  ل كسي  ل هي ي م ع ق ف ق ض ع   

ي ل ع  مض  ل لح ك  ت من ت ل جين  ي ل ن  ي ي من  ف تع م يس س
مض  لح ك  ي ت ت  مي(  ب لأم عل  ل ين ) لي عل نح  ل ه  لي سي ل ب عيف  ل

ل  ل م حس قي  ح. ي ل كيز  ي ت عيف(  ل مض  لح كيز  عيف )ن ت ل
ل ك  لح ي في ه  م ي:لح ي  

pH = pKa + log [salt] / [acid]  

 

 pH = pKa  + log 

 

 

Exercise. Calculate pH value after addition of 0.01M NaOH to the 

above buffer solution. 

 

 

2- Buffer solution of weak base and one of its salts: 

ا أحد أملاح  المحلول المنظم لقاعدة ضعيفة 
This buffer is usually a mixture of weak base (B) and its salts (BHA). 

In order to understand buffer action, consider first the equilibrium 

between the weak base and its salt. 

B(aq) +  H2O    ⇌    BH
+

(aq)   
 
+  OH

-
(aq)

 

                         BHA(s) + H2O    →   BH
+

(aq) 
  

+   A
-
(aq) 

The dissociation constant of the weak base is: 

[salt] + [add strong base] 

[acid] – [add strong base]  
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 ⇒   [OH-] = Kb Kb =      

 

  

[OH-] = Kb 

 

Taking logarithms and reversing the sign throughout: 

-log [OH-] = -log Kb + (-log [base] / [salt])  

 pOH= pKb - log [base] / [salt]     or     pOH= pKb + log [salt] / [base] 

 

 

Exercise. Convert the equation: pOH= pKb + log [salt] / [base] into the 

formula    pH= pKa + log [base] / [salt]. 

 

 

Addition of strong acid or base to this type of buffers:  
After addition the strong acid, [OH

-
] coming from the dissociation of 

the weak base will decreased and the reaction directed to the right.  

ف  ض ع ع  ل ك  ت من ت ل كسي  ي ل ن  ي ل  ل مع ف ي  ل س مض  لح
ن  ي كيز  ص في ت ل مي( لس  لأم عل  ل ين ) لي عل نح  ل ه  لي سي ل ب عي  ل
ل  ل م حس قي  ي ح(  ل كيز  ي ت عي  ل ع  ل كيز  كسي )أ ن ت ي ل

ي م ي: لح ل ك ي لح في ه    

pOH = pKb + log [salt] / [base]  

 

 pOH = pKb + log 

 

 

[BH+][OH-] [B]  

[BH+] [B] 

[base]  

[salt] 

[salt] + [add strong acid] 

[base] – [add strong acid]  
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After addition of strong base, [OH
-
] coming from this strong base will 

increase the [OH
-
] from weak base, which means the reaction will be 

directed to the left. 

ع  ل ك  ت من ت ل كسي  ي ل ن  ي ي  ل  ف ت  ي س ل ع  ل ف  ض ع 
عي  شل ل لأي  عل تأثي  ت  ب سي(  ب لع عل  ل ليس ) عل نح  ل ه  سي

ي في ه  م لح ل  ل م حس قي  ح(. ي ل كيز  ن ت عي ) ل ع  ل كيز  ي ت
ي: ل ك ي   لح

pOH = pKb + log [salt] / [base]  

 

 pOH = pKb + log 

 

 

A buffered solution contains (0.5M) ammonium hydroxide  Exercise.

) and (0.5 M) ammonium chloride, calculate:5-=1.8x10 bK( 

a. The pH of this solution? 

b. The change in pH that occurs when adding of (0.1M) NaOH to the 

buffered solution? 

c. The change in pH that occurs when adding of (0.2M) HCl to the 

buffered solution? 

[salt] – [add strong base] 

[base] + [add strong base]  
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Titrimetric (Volumetric) analysis         )سحيح ل ي ) لحج يل  ح ل  

Titrimetric or titration methods are quantitative analytical procedures 

in which the amount of analyte is determined from the amount (volume) 

of а standard reagent (a reagent of known concentration) required to react 

with the analyte completely. Since volume measurements play a key role 

in titration, it is also known as volumetric analysis.  

سحيح     ل ي  ح هي   ل يل  ح م ل ي ي ي  قي في ل ل تح ل  ي  ك
ي ) سي )كمح  (حجممن خلا ك كي شف قي م (م ت م علل للا ل  مع ت

. ل ه ي س ل أ ن   تق ب لحجم قي ل في ئيسي    ت ،تسحيح  لك  ي ل
ف أي   ل ت يلب ف  ح ي ل .لحج  

A standard solution (or a standard titrant) is a reagent of known 
composition and concentration that is used to carry out a volumetric titration 

in which the quantity of analyte in a solution is determined from the volume 

of standard solution, which is, consumes. The titration is performed by 

slowly adding a standard solution from a buret (also burette) to a solution of 

the analyte until the reaction between the two is judged complete. The 

volume of reagent needed to complete the titration is determined from the 

difference between the initial and final readings. It is sometimes necessary 

to add an excess of the standard titrant and then determine the excess amount 

by back-titration with a second standard titrant. 

سي     لقي ح  شف م ل كي ه ك ي حيث  ل لحج ي  ل قي ب كي يس ل ل
ك.  ل يس سي  لقي ح  ل س في مح من خلا حجم  ل قي ل  ي  ي ك م تح ي

م ء ي ي ج ف ل سي حل بإض طء لقي ح من ب مل أ ي سح عل ق تم ح ل . بأ 
ح شف حجم ي ي لإت للا ل ء بين ل من ل لي لق ئي لأ ض في. ل  ب

ف ل من لأحي شف ض سي ل لقي ح  ل ي من  ثم من ي من  ل قي ه 
س مح  ب سي  ل سحيح  ل سيخلا  شف  قي نيل .ث  
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Care should be taken in preparing the precise standard solution in order 

to avoid errors in the estimation. Two basic methods are used to establish 

the concentration of such solutions: 

1- Direct method in which a carefully determined mass of a primary 

standard is dissolved in a suitable solvent and diluted to a known volume 

in a volumetric flask. 

2- Standardization in which the titrant to be standardized is used to titrate 

(1) a known mass of a primary standard, (2) a known mass of a secondary 

standard, or (3) a measured volume of another standard solution. A titrant 

that is standardized is sometimes referred to as a secondary standard 

solution.  

غي     ي ع لح ي سي  تح لقي ح  ء لل ي في لأخ ل تق ل  ي  ك
ي ين تس. تح ين يق سي يت أس كي ل ل ت :لليحل ه م  

يق -1 سب  ل يب م لي في م لأ سي  لقي ل  ق من  ي مح ب ب ك م  : ي ش ل
ف لحجم م  ي  فيت . حج  

2- : يس ق م في م ل يسي ح  ق س  ل بل )لك ح ح  ل ي (1من خلا تسحيحه مق ف ك  م
لي من لأ سي  لقي ح  ي( 2) ،ل ف ك ح  من م سيل ، لقي ن  حجم( 3) أ ل
سي حل مق ح .آخ قي س ح  ل ح  ن   ليه ي ل ل أحي سي حب . لقي ن ل  

 

Standard solution                                              سي لقي ح  ل  

A primary standard is a highly purified compound that serves as a 

reference material in titrations and in other analytical methods. The 

accuracy of a method critically depends on the properties of the primary 

standard. Important requirements for a primary standard are the following: 

سي      لقي ح  لي ل كب ه لأ لي م ق ع ل ك ل ي ي ج ي في م  في ل
ي  ي سم قفت يقل ق. أخ تح ل ح ئص ع ب سي خص لقي لي ل  . لأ

ي في ض ي م ل ب ( ل سي )ش لقي : ل  لي لأ  
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1- High purity. 

2- Atmospheric stability. 

3- Absence of hydrate water so that the composition of the solid does not 

change with variations in humidity. 

4- Modest cost. 

5- Reasonable solubility in the titration medium. 

6- Reasonably large molecular weight (or molar mass) so that the relative 

error associated with weighing the standard is minimized. 

سي      لقي لييجب أ ت  ل  ق ع ء ل ، لا تح ع م ي لج مل  ل ب تج  ، ث
، ك  ب ل غي في  ل غي مع  لص لا ت ل  كي  لي ت ل ب ي  ، ل ل ي م ص لاق

ي )ك ي لك ت   ج ك ي  ل سط  ل في  ق ني م ( ب لي ي   م لي نس يل  ع ق ل
. ل ي  حب ع ي تص ل أ  ل  نس 

سي لقي ح  ل ي أم ش  :ف  

ق أ ي -1 مس بت  كي ث ي فيه ب ت ي ل من بحيث ل كي تح  م ت
فقط. ح  

ع علي  -2 ي مع بس ل تح يل  ل  ق قتل ف بين للا ل شف ض .ل  

ل ت  علي -3 ي معب ل تح حقق ح ل  ي نق ت .م ن س  

ل  -4 عل ب ئيي ق ي مع ن ل تح ن ل ل  عل( ي ل ه )  س ص  ب
ل ن م        .م

Equivalence points and End points           عل ل ء  ن نق  ف  ل  نق 
The equivalence point is a theoretical point in a titration when the 

amount of added standard reagent is chemically equivalent to the amount 

of analyte (we cannot determine the equivalence point of a titration 

experimentally). 

The end point is the point in a titration when a physical change occurs 

that is associated with the condition of chemical equivalence. 

ف نق      ي نق هي ل سحيح في ن ل ي  ف  ع ل سي  لقي شف  ل ي  م ك ع
ي ل تح ل  ي  ئي  ك ي فئ كي ي ي لا نحن) ت ف نق تح سحيح ل ي ل ي (. تج

عل ف نقأم  ل ء  ق ين ي يح  ل ئي تغيي هعل ي حبي ل في  ف ص
ئي.ل ي ي ل   ف
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Factors affecting end point                     عل ل ء  ن ث في نق  ل مل  ل  

1) The concentrations of the analyte and the titrant: As their relative 

concentrations increase, the end point will be clearer.  

2) Reaction completion: more insolubility of the precipitate more 

sharpness and clearance of the end point.  

كي  -1 سحح: ت ل مل  ل ي  ل تح كي   ك ل  فل ء  نق ت س ن
عل ح   أك ل . ض  

عل -2 ل نت: ت  سب ك ك ل ني  ب ت  عل نق ك ق ل ء  ح   ح أك ن   .ض

 

Indicator: It is a chemical reagent used to recognize the attainment of 

end point in a titration. It’s often added to the analyte solution to produce 

an observable physical change (signaling the end point) at or near the 

equivalence point.  

شفه : ليلل      ئي ك ي ف  يس كي عل نق بل ل ء  سحيح في ن ل  . ل  م غ
م ه ت ف حص ع ل ض س ل ل قي ل  ئي تغيي مح  ي ن في ه ي  م) ملاح
ي عل نق ل ي ل ء  لق أ ع( ن .فل نق من ب  

Detection of end point involves changes of some properties of the 
reaction solution such as: 

ل: عل م ل ئص مح  ض خص ن تغي في ب عل ي ل ء  ن ف عن نق  ل  

1- Change in color due to the indicator substance or the reactants and 

products. 

2- Change in electric conductivity of the solution. 

3- Change in electric potential between a pair of electrodes immersed in 

the solution. 

4- Change in electric current passing through the solution. 

5- Change in refractive index of the solution. 

6- Change in temperature (produced or consumed) of the solution. 

     



 
 

5 

 

ليل  ء ل ل س غي في  ل عل من خلا ملاح  ل ء  ن ف عن نق  ل م  أ  ي
ئي ب ل ي  صي ل غي في قي  ل تج،  ل علا  ح ل لج ل ين  أ ف  بين ق

ين في  س أ مغ لان مل  غي في م ل  ، ح ل ل خلا  ي  ل ح أ  ح ل
.) س ل تج أ  ل ح ) ل  

 

Volumetric calculations                                ي لحج يل  ح ل ب   حس

For the standard solutions used in most titrations, either molar 
concentration, M, or normal concentration, N, is usually used.  

Molar concentration is the number of moles of reagent contained in 

one liter of solution, or the number of millimole in 1 mL. 

Normal concentration is the number of equivalents of reagent 

contained in 1 L of solution or the number of milliequivalents in 1 mL. 

لا       ل كي  ل م ب ه  كي عن ت ي ل م  سحيح ي ل م في  س ل سي  لقي ليل  ح ل
ي ج في ل ل شف  ل لا  لا ف ع م ل كي  س ل ل  من ح ل. ب

يحل ج في م ل شف  ل لا  ي م ع م كي  .حل من ح  أ ل أم 
ي ج في  ل ل شف  ل ف  ف حل من ح لف ع م ي م ع م  أ

ي ج في م ل شف  .حل من ح ل  

For the chemical species A, we can write: 

      no. mole (A) = 
wt g

Mwt g/mole  

      no. mmole (A) = 
wt g

Mwt g/mmole  

And  

            no. eq (A) = 
wt g

eq.wt g/eq  

            no. meq (A) = 
wt gmeq.wt g/meq  
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For example, 0.1 M solution contains 0.1 mol of a species per liter or 

0.1 mmol per milliliter. In addition, 0.1 N HCl solution contains 0.1 eq of 

HCl per liter or 0.1 meq per milliliter. 

 

 

Volumetric calculations involve conversion of volumetric data into 

units of milliequivalents followed by reconversion into a metric weight 

(i.e. g, mg, µg) of the desired chemical species. 

ب    ي لحس يل ت لحج نن تح ي ي  ل شف ي ل لحج ل ف  ي م  عم
يل غ ل ل ل تح ي غم، م : غم، م ئي لأنل ()أ ي ي . ل ب ل  

 For molar concentration, M:       = . 𝑒 𝐴  𝑉 𝑖𝑡𝑒    no. mole A  =  𝑒/  𝑥 𝑉    
 no. mmole A  =  𝑒/  𝑥 𝑉    
 

For normal concentration, N:       = . 𝑒  𝐴  𝑉 𝑖𝑡𝑒      no. eq A  =  𝑒 /  𝑥 𝑉    
   no. meq A  =  𝑒 /  𝑥 𝑉    
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Ex. 1 Calculate the number of meq of H2C2O4.2H2O (Mwt=126) in 0.5g 
of the pure compound assuming that two hydrogen ions to be titrated with 
standard base. 

eq.wt (acid) = Mwt 
no. of ionized hydrogen atoms (H +) 

 

eq.wt = 126
2 

  = 63 g/eq 

no. meq (acid) = 
wt g  x 
eq.wt g/eq  

                      = 
.  x    

                 = 7.937 meq 
Or 

eq.wt (acid) = Mwt 
no. of ionized hydrogen atoms (H +) 

 

eq.wt = 126
2 

  = 63 g/eq  

meq.wt = eq.wt/1000  

             = 63/1000 = 0.063 g/meq  

no. meq (acid) = 
wt g  meq.wt g/meq  

no. meq (acid) = 
.  .  = 7.937 meq 

 

 

 

Ex. 2 Calculate molar concentration of the salt that formed at equivalent 
point by titrating 40 mL of 0.1025 N HCl solution with 0.205 N Ba(OH)2 
solution. 
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HCl + Ba(OH)2   → BaCl2 + 2H2O 

1- at equivalent point: 

     no. meq analyte (BaCl2) = no. meq standard reagent added (HCl)  
     meq of BaCl2 =  𝑒 /  𝑥 𝑉                     
                           = .  𝑒 / 𝑥    = 4.1 meq 

ي  لايج   ل مج حج ل ي ح  ل ف حجم  ح نح م لا ل ل كي  ل
لآتي: به ك ن حس ع ي لق ع . حجم  لق مض  لح  

      N = 
𝑁𝑜.𝑚𝑒𝑞 𝑉 𝑚𝐿   ⇒⇒  𝑉  = 

𝑁𝑜.𝑚𝑒𝑞 𝑁  = 
.  .   = 20 mL 

     Total volume of solution = 40 mL + 20 mL = 60 mL 

      N (BaCl2) = 
𝑁𝑜.𝑚𝑒𝑞 𝑉 𝑚𝐿   

                   = 
.  

 

                   = 0.068 N 

 

2- by dilution using 20 mL of water: 

     Total volume of solution = 60 mL + 20 mL = 80 mL 

     N (BaCl2) = 
𝑁𝑜.𝑚𝑒𝑞 𝑉 𝑚𝐿  = 

.  8  = 0.051 N 

 

3- by dilution to 100 mL with water: 

    N (BaCl2) = 
𝑁𝑜.𝑚𝑒𝑞 𝑉 𝑚𝐿  = 

.  
 = 0.041 N 

 

 

 

ح يس  فئ ل ل ل  ع   لا ب ل كي  ل ل  ي  ل كي  ل يل  ن تح ي
ي. ي لج ل   نصف 

    M (BaCl2) = 
  𝑁      
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1- M (BaCl2) = 
 . 8     = 0.035 mole/L  

2- M (BaCl2) = 
 .      = 0.026 mole/L  

3- M (BaCl2) = 
 .      = 0.021 mole/L  

 

Ex. 3 A quantity of BaCl2.2H2O is to be titrated with AgNO3 solution. 
What is the number of meq contained in 0.367 g of pure BaCl2.2H2O 
(Mwt = 244 g/mole). 

eq.wt (salt) = Mwt no. of cations x oxidation number of cations 
 

eq.wt =    x     = 122 g/eq 

No. meq (salt) = 
wt g  x meq.wt g/meq  

                      = 
.  x   = 3.01 meq 

 

 

Ex. 4 What is the number of meq involved in a titration required 27.3 mL 
of 0.200 N KMnO4 solution.  

no. meq of KMnO4 =  𝑒 /  𝑥 𝑉  

                               = .  𝑒 /  𝑥 .  

                               =  .  𝑒  

 

Ex. 5 Solution of Ba(OH)2 is standardized by titration against 0.128 N  HCl 
solution. 31.76 mL of the base is required to neutralize 46.25 mL of acid. 
What is the normality of Ba(OH)2 solution. 
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      no. meq Ba(OH)2 = no. meq standard reagent added (HCl) 
      N1 x V1 =  N2 x V2  

      N1 x 31.76 =  0.128 x 46.25  

      N1 = 0.186 meq/mL  

 

Ex. 6 What is the needed weight to prepare 2.0 L solution of 0.1 N of the 
primary standard potassium dichromate (K2Cr2O7). 

Cr2O7 2
- + 14H+ + 6e-  ⇌  2Cr3+ + 7H2O 

 no. eq of K2Cr2O7 = N(K2Cr2O7) (eq/L) x V(K2Cr2O7) (L) 
                              = 0.1 x 2  

                                            = 0.2 eq 

eq.wt (oxidizing agent) = Mwt no. of gained electrons 
 

                                      =  

 
 = 49 g/eq 

            no. eq = 
wt g

eq.wt g/eq   ⇒⇒  wt g  = no. eq x eq.wt g/eq  

                  wt  = 0.2 x 49 = 9.8 g 

 

 

 

 

 

Ex. 7 Calculate the normality of iodine solution that was standardized 
against As2O3 (Mwt 198). A 37.34 mL was being required to titrate 0.204 g 
of the primary standard oxide. 
                       As2O3 + I2 + 5H2O → 2AsO4

3- + 2I- + 10H+ 

     no. meq I2 = no. meq As2O3 
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N(I2) x VmL(I2) = 
wt As O  meq.wt As O  

ن ب  لأل نين أ ع  ل عل هي  ل نيخ في  ل ه  ق ي ي تي   ل ج  ب  بس
ي.   ي لج ل  فئ  As2O3يس 4/1  ل ل  لك ف  نيخ ل   

N(I2) x 37.34 = 
.  /  

N(I2) x 37.34 = 4.121 

N(I2) = 4.121 / 37.34  

        = 0.110 meq/mL 

Or 

eq.wt (reducing agent) = Mwt no. of lost electrons 
 

                               = 198  
 = 49.5  

no. meq I2 = no. meq As2O3 

       

    N(I2) x VmL(I2) = 
wt As O  g x    eq.wt As O  g / eq   

N(I2) x 37.34 = 
.  x    49.5   

N(I2) = 0.110 meq/mL 

 

 

 

 


