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Analytical Chemistry 

Chemistry: is a science concerned with the study of properties, structure, 

components of the materials changes occur to it and emitted or absorbed 

energies accompany these changes. 

 ٘ٛ اٌعٍُ اٌزٞ ٠عٕٟ ثذساسخ خٛاص ٚرشو١ت ِٚىٛٔبد اٌّٛاد ٚاٌزغ١شاد اٌزٟ رحذس :اٌى١ّ١بء    

.ٌٙب ٚاٌطبلخ إٌّجعثخ اٚ اٌّّزصخ اٌزٟ رصبحت ٘زا اٌزغ١١ش

     Chemistry science is classified according to the type of materials and 

the purpose of their studies into these general branches: 

     Analytical Chemistry, Organic Chemistry, Inorganic Chemistry and 

Physical Chemistry. Other branches are Theoretical Chemistry, Quantum 

Chemistry, and Nuclear Chemistry etc. 

ANALYTICAL CHEMISTRY: انكًٍٍبء انتذهٍهٍة:                                        

It is a chemistry branch deals with the study on the identification of 

material composition and the determination of the amount of each 

component presented by an expression of concentration directly or 

indirectly (after separation). Analytical chemistry includes three types of 

analysis. Analytical chemistry helped in understanding the natural 

phenomena through providing the knowledge about quantitative relations 

of the phenomena. It develops chemistry science and other sciences since 

most of the laws based on the quantitative analysis. 

اٌى١ّ١بء اٌزح١ٍ١ٍخ رزعّٓ رحذ٠ذ ٠ٛ٘خ ِىٛٔبد اٌّٛاد ٚرمذ٠ش و١ّخ ٘زٖ اٌّىٛٔبد ثبسٍٛة ِجبشش اٚ 

ٌٍى١ّ١بء اٌزح١ٍ١ٍخ اٌفعً فٟ فُٙ اٌظٛا٘ش اٌطج١ع١خ ٚرط٠ٛش . غ١ش ِجبشش أٞ ثعذ فصً اٌّىٛٔبد

. عٍُ اٌى١ّ١بء ٚاٌعٍَٛ الاخشٜ ِٓ خلاي رٛف١ش اٌّعٍِٛبد اٌى١ّخ اٌزٟ سبّ٘ذ ثٛظع اٌمٛا١ٔٓ

1- QUALITATIVE ANALYSIS:   ً(انوصفً)انتذهٍم انُوع:                            

     It is process of many steps that through which material, compounds or 

elements or elements forming certain material or a mixture of materials 

can be identified at liquid, gas or solid phases. This process is the first step 

in analysis. 
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 خطٛاد ٠ّىٓ ِٓ خلاٌٙب رحذ٠ذ ٠ٛ٘خ اٌّبدح اٚ ِىٛٔبرٙب ِٓ اٌعٕبصش اٚ اٌّشوجبد رزىْٛ ِٓ عذح

. اٚ ِض٠ح اٌّٛاد فٟ اٌحبٌخ اٌصٍجخ اٚ اٌسبئٍخ اٚ اٌغبص٠خ

2-QUANTITATIVE ANALYSIS: ًًانتذهٍم انك:                                         

It is a process deals with the determination of elements or other 

components that form the analyzed material (compound or mixture). It tell 

us what is the amount of the components of the materials or their 

components. Quantitative analysis can not be preceded without processing 

qualitative analysis. 

اٌزح١ًٍ اٌىّٟ ٠زّثً ثم١بط رشاو١ض ٚو١ّبد اٌّٛاد اٚ اٌعٕبصش اٚ اٌّشوجبد اٌزٟ رزىْٛ ِٕٙب اٌّٛاد 

.اٚ ِض٠ح ِٓ اٌّٛاد  

QUANTITATIVE ANALYSIS divided into:              ٌقسى انتذهٍم انكًً انى:

a. GRAVIMETRICANALYSIS                                              :انتذهٍم انوزًَ

     Gravimetric analysis includes the processes that enable us to 

determine the weight of the material under consideration or some of the 

material components and can be done by one of two methods. 

1) Direct method: by measuring the weights of the analytical process 

products which should be of definite and defined composition or 

structure. 

2) Indirect method: follows the weight losses of the materials or their 

components. 

اٌزح١ًٍ اٌٛصٟٔ ٠ّثً ع١ٍّبد رّىٕٕب ِٓ ل١بط ٚصْ اٌّبدح ل١ذ اٌزح١ًٍ اٚ ِىٛٔبرٙب ِجبششح عٓ 

غش٠ك ٚصْ ٔٛارح ع١ٍّبد اٌزح١ًٍ اٚ ثصٛسح غ١ش ِجبششح عٓ غش٠ك ِزبثعخ اٌفمذاْ فٟ ٚصْ 

 .اٌّٛاد اٚ ِىٛٔبرٙب
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b. VOLUMETRIC ANALYSIS: ًًانتذهٍم انذج:                                           

     Indirect methods are used in this process to determine the weights of 

the materials or their components and include the following: 

:اٌزح١ًٍ اٌحدّٟ رّثً غشائك غ١ش ِجبششح فٟ ل١بط اٚصاْ اٌّٛاد اٚ ِىٛٔبرٙب رزّثً فٟ

1) Titration methods:                                                              :طرائق انتسذٍخ 

         In these methods the volume of solutions of defined concentrations 

which is required to complete the reaction with the materials or their 

components is measured. From this volume of defined concentration and 

the knowledge of the balanced reaction equation one can estimate the 

concentration or the amount of the materials or their components. 

Indicators (Pigments such as phenolphthalein) are used to define the end 

point of the reaction (equivalent point). 

  These indicators show sudden and sharp change in physiochemical 

properties such as turbidity or color at the end point. 

فٟ غشائك اٌزسح١ح ٠زُ حسبة حدُ اٌّحٍٛي رٚ اٌزشو١ض اٌّعٍَٛ اٌلاصَ لاوّبي اٌزفبعً ِع اٌّٛاد 

 ٌفثب١ٌٓاٚ ِىٛٔبرٙب ٠ٚسزذي عٍٝ أزٙبء اٌزفبعً عٕذ ٔمطخ الأزٙبء ثبسزخذاَ اٌذلائً ِٕٚٙب اٌف١ٕٛ

. ٟٚ٘ ِٛاد رعطٟ رغ١ش حبد فٟ احذ اٌخٛاص اٌف١ض٠ٛو١ّ١بئ١خ ِثً اٌٍْٛ اٚ اٌعىٛسح

2) Gas analysis: انتذهٍم انغبزي                   :                                                      

In this method the amounts of consumed gases or the amounts of gas 

product as a result of the gas material reaction with other material are 

determined. 

٠زُ ل١بط و١ّخ اٌغبص اٌّسزٍٙه اٚ اٌغبص إٌبرح عٓ ع١ٍّخ اٌزح١ًٍ ٔز١دخ ٌزفبعً اٌّبدح اٌغبص٠خ ِع 

. ِٛاد اخشٜ

 

3) INSTRUMENTAL METHODS OF ANALYSIS 

(Physiochemical methods of analysis):                      ًطرائق انتذهٍم الان        

   Determination of materials or their components can be performed 

using instruments that their measurements of certain properties such as 

conductivity, turbidity, potentiometry, color, refractive index, absorption 

at UV or visible region etc…provided these measurements depend on and 

relate to the concentration of the material or its components directly or 

indirectly. 

College of Ibn Al-Haitham           (Analytical Chemistry)           Department of Chemistry                 



4 

رزعّٓ غشائك اٌزح١ًٍ الاٌٟ اسزخذاَ الاخٙضح ٌم١بط اٌّٛاد اٚ ِىٛٔبرٙب ثبسٍٛة ِجبشش اٚ غ١ش 

، اٌٍْٛ، اٌزعى١ش٠خ، اٌم١بسذ اٌدٙذ٠خ، اٌزٛص١ٍ١خنِجبشش ٠ٚزُ عٓ غش٠ك ل١بط احذ اٌخٛاص 

 الاِزصبص ٌلاشعخ فٛق اٌجٕفسد١خ اٚ اٌّشئ١خ ثششغ اْ رىْٛ اٌم١بسبد رٕبسج١خ ٚ ِعبًِ الأىسبس

. ِع اٌزشو١ض

A - Using of Conductivitimeter to measure the conductivity of sample 

solution which is changing with variation in the component concentration. 

.اسزخذاَ خٙبص ل١بط اٌزٛص١ٍ١خ ٌم١بط اٌزٛص١ً اٌىٙشثبئٟ اٌزٞ ٠زٕبست غشد٠بً ِع اٌزشو١ض

B - Using of potentiometer to measure the potential of an electrode which 

is in equilibrium with the sample solution. 

.اسزخذاَ خٙبص ل١بط اٌدٙذ٠خ ٌم١بط فشق اٌدٙذ ٌٍمطت اٌزٞ فٟ حبٌخ رٛاصْ ِع ِحٍٛي اٌّبدح

C - Using of UV-visible spectrometer to measure the absorbance of 

radiation at a wave length that relate to the component directly or to the 

compound formed by its reaction with a reagent. 

اسزخذاَ ِط١بف الاشعخ فٛق اٌجٕفسد١خ ٚاٌّشئ١خ ٌم١بط الاِزصبص عٕذ غٛي ِٛخٟ خبص ثبٌّبدح 

.اٚ اٌّشوت اٌّزىْٛ ِٓ رفبعٍٙب اٚ ِىٛٔبرٙب ِع اٌىبشف

STEPS OF CHEMICAL ANALYSIS:                      :خطوات انتذهٍم انكًٍٍبئً

There are a general steps for any analysis process, a modifications in 

these steps depend on nature, size, and complicity of the sample, the 

accuracy required and availability of reagents chemicals equipments and 

apparatus 

STEP 1: CHOICE OF THE METHOD:  اختٍبر انطرٌقة                             

The selected method should be suitable to the nature of the sample, 

number of samples and accuracy required. Some samples like 

archaeological or forensic samples need a nondestructive method to keep 

the samples without destruction. 

رعزّذ اٌطش٠مخ عٍٝ غج١عخ إٌّٛرج ٚعذد إٌّبرج ٚدسخخ اٌذلخ فٟ اٌزح١ًٍ ٚثعط إٌّبرج الاثبس٠خ 

. ٚاٌدش١ِخ رحزبج غشائك رح١ًٍ لا ارلاف١خ ٌغشض اٌحفبظ ع١ٍٙب وّب ٟ٘
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STEP 2: SAMPLING: اختٍبر انعٍُبت او انًُبرج:                                                

       Sampling is a very important criterion. It is the fraction of the material 

with which he plans to work. It is truly representative the whole of it. If the 

material is big many samples are selected and collected. 

ٚ٘ٛ حم١م١خ . فبٌع١ٕخ رّثً خضء اٌّبدح اٌّخطػ ٌٍعًّ ف١ٗ. ٚ ِّٙخ خذآ خطٛح حشخخ اخز١بس اٌع١ٕبد

 .ٚفٟ حبٌخ وْٛ اٌّبدح اٌّشاد رح١ٍٍٙب وج١شح ف١ّىٓ اخز عذح ع١ٕبد ِٚٓ ثُ خّعٙب. ٠ّثً وً اٌع١ٕخ

STEP 3: PREPARING OF LABORATORY SAMPLE: 

 تذضٍر انًُورج انًختجري

The field sample is treated to prepare the laboratory sample required 

for the analysis. 

1. Producing a homogenized sample by crashing, grinding and mixing. 

2. Decreasing the size of the material sample granules. 

3. Turning the sample into a phase and formula can be attacked by 

reagent. 

4. Care should be taken to avoid the interferences or any other factors 

affecting the estimation such as contamination. 

٠زُ ِعبٍِخ إٌّٛرج ٌزحع١ش إٌّٛرج اٌّخزجشٞ ثبٌسحك ٚاٌطحٓ ٚاٌخٍػ ٚرم١ًٍ حدُ اخضاء اٌّبدح 

ٚرح٠ٍٛٙب اٌٝ ١٘ئخ خب٘ضح ٌٍزفبعً ِع اٌىبشف، وّب ٠ٚزٛخٝ اٌحزس ِٓ اٌزذاخلاد اٌزٟ رسججٙب 

. اٌّىٛٔبد الاخشٜ ٌٍّبدح اٚ ا٠خ عٛاًِ اخشٜ رؤدٞ اٌٝ اٌزذاخً وزٍٛس إٌّٛرج

STEP 4: PROCUREMENT OF MEASURED QUANTITY OF THE 

SAMPLE:           قٍبش كًٍة يٍ انًُورج                                                             

If the sample is solid certain weight of the dried homogenized 

sample is taken using calibrated balance. If it is liquid certain volume is 

taken. 

٠زُ ٚصْ خضء ِٓ إٌّٛرج ارا وبْ صٍت اٚ ٠ؤخز حدُ ِع١ٓ ِٓ إٌّٛرج اٌسبئً لاغشاض 

. اٌزح١ًٍ
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STEP 5: DISSOLUTION OF THE MEASURED SAMPLE: 

:اراثة انًُورج انًقبش

A suitable solvent is selected to dissolve the sample completely and 

within short time. The sample should not interfere in the analysis. Water is 

a magic solvent for almost all the inorganic materials and some of the 

organic materials. Organic materials require organic solvents like alcohols, 

carbontetrachloride and chloroform. Fusion is used for melting samples do 

not dissolve in solvents. 

 ٚاٌّبء اٌّز٠ت الافعً ٌٍّٛاد .خً اٌّز٠تا٠زُ اراثخ إٌّٛرج رّبِبً ٚثٛلذ لص١ش ٚثششغ اْ لا٠زذ

. اٌلاعع٠ٛخ فٟ ح١ٓ رحزبج اٌّٛاد اٌعع٠ٛخ اٌٝ ِز٠جبد عع٠ٛخ وبٌىحٛلاد ٚاٌىٍٛسٚفٛسَ

STEP 6: SEPARATION OF THE INTERFERING SUBSTANCES. 

 فصم انًواد انًتذاخهة

      To measure the sample freely from interferences by other components 

certain steps should be taken such as separation or using masking agents. 

.٠زُ اسزخذاَ اٌفصً اٌى١ّ١بئٟ ٚاسزخذاَ اٌّٛاد اٌّبسىخ ٌزدٕت اٌزذاخً فٟ ل١بط إٌّٛرج

STEP 7: COMPLETION OF THE ANALYSIS اتًبو انتذهٍم                       

     This step concern with the measurement of the substance or component 

under consideration precisely using a suitable method by precipitation or 

color formation, titration etc. 

رٙزُ ٘زٖ اٌخطٛح ٚثبسزخذاَ ٚس١ٍخ ِٕبسجخ ثبٌزشس١ت اٚ رى٠ٛٓ اٌٍْٛ اٚ اٌزسح١ح اٌخ ثم١بط اٌّبدح 

.اٚ خضء اٌّبدح ثذلخ  

STEP 8: CALCULATIONS AND DATA ANALYSIS: 

 انذسبثبت وتذهٍم انُتبئج

     From the numeric results obtained by measurements the final result is 

calculated using the weight of the analyzed sample. The final results may 

be evaluated by statistic analysis. 

٠زُ حسبة اٌزشو١ض ثبسزخذاَ ٔزبئح اٌم١بسبد ٚٚصْ اٚ حدُ إٌّٛرج اٌزٞ رُ رح١ٍٍٗ وّب ٠ٚزُ رم٠ُٛ 

. إٌزبئح احصبئ١بً 
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Calculation of Equivalent weight 

              دسبة انوزٌ انًكبفئ

1- Acids: 1-انذوايض :                                                                              

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

اٌٛصْ اٌدض٠ئٟ  ٌٍحبِط

عذد رساد ا١ٌٙذسٚخ١ٓ اٌّزأ٠ٕخ
=  اٌٛصْ اٌّىبفئ ٌٍحبِط

Ex. Calculate the Equivalent weight for hydrochloric and Sulfuric acid  

Atomic Weight = Cl= 35.5  H=1    O=16     S= 32       

                                             M.Wt     
eq.wt(Acid) =   
                               no. of  hydrogen atoms ionized (H+) 

HCl    𝑴. 𝑾𝒕 = 𝟏 + 𝟑𝟓. 𝟓 = 𝟑𝟔. 𝟓 𝒈/𝒎𝒐𝒍𝒆 

𝒆𝒒. 𝒘𝒕 =
𝟑𝟔. 𝟓

𝟏
= 𝟑𝟔.𝟓 

H2SO4      𝑴. 𝑾𝒕 =  𝟐𝒙𝟏 +  𝟏𝒙 𝟑𝟐 +  𝟒𝒙𝟏𝟔 = 𝟗𝟖 𝒈/𝒎𝒐𝒍𝒆 

𝒆𝒒. 𝒘𝒕 =
𝟗𝟖

𝟐
= 𝟒𝟗 

 Bases-2:                                                                                           :انقواعذ- 2

                                             M.Wt     
eq.wt(Base) =  

                                no. of hydroxide atoms ionized (OH
-
) 

اٌٛصْ اٌدض٠ئٟ ٌٍمبعذح

دا١ٌٙذسٚوسٟ اٌّزأ٠ٕخ عذد رساد 
=  اٌٛصْ اٌّىبفئ ٌٍمبعذح
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Ex: Calculate the Equivalent weight for Sodium hydroxide                    

Atomic Weight =H=1  O=16    Na= 23   Al=27 

                                             M.Wt     
eq.wt(Base) =   

                           no. of hydroxide atoms ionized (OH
-
) 

NaOH   𝑴. 𝑾𝒕 = 𝟐𝟑 + 𝟏 + 𝟏𝟔 = 𝟒𝟎 𝒈/𝒎𝒐𝒍𝒆 

𝒆𝒒. 𝒘𝒕 =
𝟒𝟎

𝟏
= 𝟒𝟎 

Al(OH)3   𝑴. 𝑾𝒕 = 𝟐𝟕 +  𝟑𝒙𝟏 + (𝟑𝒙𝟏𝟔) = 𝟕𝟖 𝒈/𝒎𝒐𝒍𝒆 

𝒆𝒒. 𝒘𝒕 =
𝟕𝟖

𝟑
= 𝟐𝟔 

  Salts:3 -                                                                                       :الأيلاح- 3

𝒆𝒒. 𝒘𝒕(𝒔𝒂𝒍𝒕)   =  
𝑴. 𝒘𝒕

𝒏𝒐. 𝒐𝒇 𝒄𝒂𝒕𝒊𝒐𝒏𝒔 𝒙 𝒐𝒙𝒊𝒅𝒂𝒕𝒊𝒐𝒏 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒄𝒂𝒕𝒊𝒐𝒏𝒔

اٌٛصٔزأوسذٖ اٌدضئٟ  ٌٍٍّح

عذد رساد اٌفٍض 𝒙 عذد
=   اٌٛصْ اٌّىبفئ ٌٍٍّح

Ex: Calculate the Equivalent weight for  Calcium chloride and Ferric 

sulfate.             Atomic Weight:  Ca=40   Cl=35.5   S = 32    Fe= 56    O=16  H=1 

𝒆𝒒. 𝒘𝒕(𝒔𝒂𝒍𝒕)   =  
𝑴. 𝒘𝒕

𝒏𝒐. 𝒐𝒇 𝒄𝒂𝒕𝒊𝒐𝒏𝒔 𝒙 𝒐𝒙𝒊𝒅𝒂𝒕𝒊𝒐𝒏 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒄𝒂𝒕𝒊𝒐𝒏𝒔 

  CaCl2         𝑴.𝒘𝒕 = 𝟒𝟎 +  𝟐𝒙𝟑𝟓.𝟓 = 𝟏𝟏𝟏𝒈/𝒎𝒐𝒍e

𝒆𝒒. 𝒘𝒕 =  
𝟏𝟏𝟏

𝟐𝒙𝟏 
= 𝟓𝟓. 𝟓 

Fe2 (SO4)3     𝑴. 𝒘𝒕 =  𝟐𝒙𝟓𝟔 +  𝟑𝒙𝟑𝟐 + (𝟏𝟐𝒙𝟏𝟔) = 𝟒𝟎𝟎𝒈/𝒎𝒐𝒍𝒆

𝒆𝒒. 𝒘𝒕 =  
𝟒𝟎𝟎

𝟑𝒙𝟐 
= 𝟔𝟔. 𝟔𝟔𝟕 
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 Oxidizing and Reducing Agent -4 : :           انعبيم انًؤكسذ وانعبيم انًختسل– 4

𝒆𝒒. 𝒘𝒕(𝐎𝐱𝐢𝐝𝐢𝐳𝐢𝐧𝐠 𝐀𝐠𝐞𝐧𝐭)   =  
𝑴. 𝒘𝒕

𝒏𝒐. 𝒐𝒇 𝒆𝒍𝒆𝒄𝒕𝒓𝒐𝒏𝒔 𝒈𝒂𝒊𝒏𝒆𝒅 

اٌٛصْ اٌدض٠ئٟ

عذد الاٌىزشٚٔبد  اٌّىزسجخ
=  اٌٛصْ اٌّىبفئ  ٌٍعبًِ اٌّؤوسذ  

𝒆𝒒. 𝒘𝒕(𝐑𝐞𝐝𝐮𝐜𝐢𝐧𝐠 𝐀𝐠𝐞𝐧𝐭)   =  
𝑴. 𝒘𝒕

𝒏𝒐. 𝒐𝒇 𝒆𝒍𝒆𝒄𝒕𝒓𝒐𝒏𝒔 𝒍𝒐𝒔𝒕 
 

اٌٛصْ اٌدض٠ئٟ

عذد الاٌىزشٚٔبد  اٌّفمٛدح
=  اٌٛصْ اٌّىبفئ  ٌٍعبًِ اٌّخزضي  

Ex: Calculate the Equivalent weight for KMnO4   

  Atomic Weight = K= 39  Mn =55      O=16 

MnO4
- 
+ 8H

+
 + 5e

-
                      Mn

2+
 + 4H2O  

 .عبيم يؤكسذ KMnO4َلادظ يٍ انًعبدنة انسبثقة دذوث اكتسبة نلأنكتروَبت اي اٌ 

𝒆𝒒. 𝒘𝒕(𝐎𝐱𝐢𝐝𝐢𝐳𝐢𝐧𝐠 𝐀𝐠𝐞𝐧𝐭)   =  
𝑴. 𝒘𝒕

𝒏𝒐. 𝒐𝒇 𝒆𝒍𝒆𝒄𝒕𝒓𝒐𝒏𝒔 𝒈𝒂𝒊𝒏𝒆𝒅 

KMnO4   𝑴. 𝒘𝒕 = 𝟑𝟗 + 𝟓𝟓 +  𝟒𝒙𝟏𝟔 = 𝟏𝟓𝟖 𝒈/𝒎𝒐𝒍𝒆 

𝒆𝒒. 𝒘𝒕 =  
𝟏𝟓𝟖

𝟓 
= 𝟑𝟏. 𝟔 

Ex: Calculate the Equivalent weight for Compounds below. 

 :ادست انوزٌ انًكبفئ نهًركجبت الاتٍة: أسئهة

HCl – H2SO4 – NaOH – Fe(OH)2 – Fe(OH)3 – NH4OH – K2CrO4 – NaF – H3PO4 

ZnCl2 – MgSO4 – AgNO3 – Pb(OH)2 – CH3COOH – Na2CO3 – Hg2(NO3)2 – HI 
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Lecture 2                                           

1 

Methods of expression of concentrations

 طشائق انتعجٍش عٍ انتشاكٍض

  Molarity-1:                                                                                  :انًٕلاسٌخ- 1

Number of grams molecular weight (moles) of solute per liter of 

solution. 

 .يٍ انًبدح انًزاثخ فً نتش يٍ انًحهٕل (moles)ٔتعشف ثأَٓب عذد الأصاٌ انجضٌئٍخ انغشايٍخ 

𝑴 =
 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇𝒎𝒐𝒍𝒆𝒔

𝑽(𝒍𝒊𝒕𝒆𝒓)
                         𝑴 =  

 𝒏

𝑽(𝒍𝒊𝒕𝒆𝒓)
          

عددثبلتز الوولاد

الحجن
 =  𝑴  

𝒏 =
𝑾𝒕

𝑴. 𝑾𝒕
                                                  

الوسنبلجشيئي ثبلغزام

الوسى
 =        عدد الوولاد

𝑴 =  
𝒏𝒐. 𝒐𝒇𝒎𝒊𝒍𝒍𝒊𝒎𝒐𝒍𝒆𝒔

𝑽𝒎𝑳
                                    

عدد الوليوولاد 

𝑽𝒎𝑳
= 𝑴               

𝑴 =  
𝑾𝒕

𝑴. 𝑾𝒕
 𝒙

𝟏𝟎𝟎𝟎

𝑽𝒎𝑳
                        

.𝑴 ًٌثم ٔصٌ انًبدح انًزاثخ ثبنغشاو، 𝑾𝒕: حٍث 𝑾𝒕 ، ًٌثم انٕصٌ انجضٌئً نهًبدح انًزاثخ 𝑽𝒎𝑳 حجى 

 .انًحهٕل ثبنًهٍهتش

Units: mole/L , 𝐦𝐦𝐨𝐥𝐞/𝐦𝐋  

 

Ex: How many grams of 0.125 M AgNO3 used to prepare 500ml of its solution. 

 

( M.Wt= 169.9 g/mole) 

𝑴 =  
𝑾𝒕

𝑴. 𝑾𝒕
 𝒙

𝟏𝟎𝟎𝟎

𝑽𝒎𝑳
              ⇒         𝟎. 𝟏𝟐𝟓 =  

𝑾𝒕

𝟏𝟔𝟗. 𝟗
 𝒙

𝟏𝟎𝟎𝟎

𝟓𝟎𝟎
 

𝑾𝒕 =  
𝑴 𝒙 𝑴.𝑾𝒕𝒙 𝑽𝒎𝒍

𝟏𝟎𝟎𝟎
             

𝑾𝒕 =  
𝟎. 𝟏𝟐𝟓 𝒙 𝟏𝟔𝟗.𝟗𝒙 𝟓𝟎𝟎

𝟏𝟎𝟎𝟎
= 𝟏𝟎. 𝟔𝟏𝟗 𝒈 



2 

Ex: Calculate the Molarity (M) of solution result from dissolving 20 g of Sodium 

hydroxide in 2 Litters of solution.     Na = 23 ,    O = 16 , H = 1  

𝑴 =  
𝒏

𝑽(𝒍𝒊𝒕𝒆𝒓)
                 𝑵𝒂𝑶𝑯     𝑴. 𝑾𝒕 = 𝟐𝟑 + 𝟏𝟔 + 𝟏 = 𝟒𝟎𝒈/𝒎𝒐𝒍e 

𝒏 =
𝑾𝒕

𝑴.𝑾𝒕
    =

𝟐𝟎

𝟒𝟎
 = 0.5 mole   ⇒  𝑴 =  

𝟎.𝟓

𝟐
= 0.25M 

    

or:      𝑴 =  
𝑾𝒕

𝑴.𝑾𝒕
 𝒙

𝟏𝟎𝟎𝟎

𝑽𝒎𝑳
         ⇒        𝑴  =  

𝟐𝟎

𝟒𝟎
 𝒙

𝟏𝟎𝟎𝟎

𝟐𝟎𝟎𝟎
 = 0.25M 

or       𝑴 =  
𝑾𝒕

𝑴.𝑾𝒕
 𝒙

𝟏

𝑽𝑳
              ⇒        𝑴  =  

𝟐𝟎

𝟒𝟎
 𝒙

𝟏

𝟐
 = 0.25M 

 Normality:-2 ) :                                                                            انعٍبسٌخ ) - 2

Number of gram equivalent weight of solute per liter of solution 

 . ٔتعشف ثأَٓب عذد انًكبفئبد انغشايٍخ يٍ انًزاة فً نتش يٍ انًحهٕل

𝑵 =
 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝐞𝐪𝐮𝐢𝐯𝐚𝐥𝐞𝐧𝐭

𝑽(𝒍𝒊𝒕𝒆𝒓)
        𝑵 =

 𝒏𝒐. 𝒐𝒇𝒆𝒒 عددثبلتز

𝑽(𝒍𝒊𝒕𝒆𝒓)
          

 الوكبفئبد الغزاهيخ 

الحجن
 =   𝑵   

𝒏𝒐. 𝒐𝒇𝒆𝒒 =  
𝑾𝒕

𝒆𝒒. 𝒘𝒕
                       

ىالوس ثبلغزام

الوسى الوكبفئ
=  عدد الوكبفئبد الغزاهيخ

𝑵 =  
 𝒏𝒐. 𝒐𝒇 𝒎𝒆𝒒

𝑽𝒎𝑳
                                      

لتز الللوووللليييوكبفئبد الغزاهيخ عددثب

الحجن
 =   𝑵             

𝑵 =  
𝑾𝒕

𝒆𝒒. 𝒘𝒕
 𝒙

𝟏𝟎𝟎𝟎

𝑽𝒎𝑳
                                   

.𝒆𝒒 ًٌثم ٔصٌ انًبدح انًزاثخ ثبنغشاو، 𝑾𝒕: حٍث 𝑾𝒕 ، ًٌثم انٕصٌ انًكبفئ نهًبدح انًزاثخ 𝑽𝒎𝑳 حجى 

 .انًحهٕل ثبنًهٍهتش

Units: eq /L , meq/mL
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Ex: How many grams of 0.2 N Sodium carbonate in 250 ml solution.           

(M.Wt =106g / mole) 

𝒆𝒒. 𝒘𝒕(𝒔𝒂𝒍𝒕)   =  
𝑴. 𝒘𝒕

𝒏𝒐. 𝒐𝒇 𝒄𝒂𝒕𝒊𝒐𝒏𝒔 𝒙 𝒐𝒙𝒊𝒅𝒂𝒕𝒊𝒐𝒏 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒄𝒂𝒕𝒊𝒐𝒏𝒔 

eq.wt (Na2CO3) =  
𝟏𝟎𝟔

𝟐 𝒙 𝟏
= 53 g/eq 

𝑵 =  
𝑾𝒕

𝑽𝒎𝑳
 

𝒆𝒒. 𝒘𝒕
 𝒙

𝟏𝟎𝟎𝟎

𝟎. 𝟐 =  
𝑾𝒕

𝟓𝟑
 𝒙

𝟏𝟎𝟎𝟎

𝟐𝟓𝟎
             ⇒            𝑾𝒕 =

𝟎. 𝟐𝒙𝟓𝟑𝒙𝟐𝟓𝟎

𝟏𝟎𝟎𝟎
= 𝟐. 𝟔𝟓𝟎𝒈 

Ex: Calculate the normality (N) of solution result from dissolving 0.5 g of 

Cu(OH)2 in 100 mL of distilled water. 

Cu =63.5    O=16   H=1 

Cu(OH)2         𝑴.𝒘𝒕 = 𝟔𝟑. 𝟓 +  𝟐𝒙𝟏𝟔) + (𝟐𝒙𝟏 = 𝟗𝟕. 𝟓𝒈/𝒎𝒐𝒍e

𝒆𝒒. 𝒘𝒕(𝒃𝒂𝒔𝒆)  =  
𝑴. 𝑾𝒕

𝒏𝒐. 𝒐𝒇 𝑶𝑯 𝒊𝒐𝒏𝒔 𝒓𝒆𝒂𝒅𝒚 𝒕𝒐 𝒔𝒖𝒃𝒔𝒕𝒊𝒕𝒖𝒕𝒆𝒅 
 

𝟗𝟕. 𝟓

𝟐
= 𝟒𝟖. 𝟕𝟓            

𝑵 =  
𝑾𝒕

𝒆𝒒. 𝒘𝒕
 𝒙

𝟏𝟎𝟎𝟎

𝑽𝒎𝑳
                 ⇒              

𝟎. 𝟓

𝟒𝟖. 𝟕𝟓
 𝒙

𝟏𝟎𝟎𝟎

𝟏𝟎𝟎
= 𝟎. 𝟏𝟎𝟑𝑵 

Formality-3 ::                                                                            انفٕسيبنٍخ- 3

Number of gram formula weight of solute per liter of solution 

 .ايٍخ نهًزاة فً نتش يٍ انًحهٕلًْ عذد أصاٌ انصٍغخ انغش

𝑭 =
 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒇𝒐𝒓𝒎𝒖𝒍𝒂 𝒘𝒆𝒊𝒈𝒉𝒕 عددثبلتز

𝑽 𝒍𝒊𝒕𝒆𝒓 
                          

 اوساى الصيغخ الغزاهيخ 

الحجن
 = 𝑭 

𝐅 =
𝐧𝐨. 𝐨𝐟 𝐟𝐰

𝐕(liter)
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𝐧𝐨. 𝐨𝐟 𝐟𝐰 =
𝐖𝐭 

𝐠. 𝐟𝐰
           

الوسنبلصيغخ ثبلغزام

وسى
 =     عدد اوساى الصيغخ الغزاهيخ

𝑭 =
𝒏𝒐. 𝒐𝒇 𝒎𝒊𝒍𝒍𝒊𝒇𝒐𝒓𝒎𝒖𝒍𝒂 𝒘𝒆𝒊𝒈𝒉𝒕

𝑽𝒎𝑳
                        𝑭 =

𝐧𝐨. 𝐨𝐟 𝐦. 𝐟𝐰

𝐕𝐦𝐋
                  

𝑭 =  
𝑾𝒕

𝒈. 𝐟𝒘
 𝒙

𝟏𝟎𝟎𝟎

𝑽𝒎𝑳
                                       

 حجى انًحهٕل 𝑽𝒎𝑳ٔصٌ انصٍغخ نهًبدح انًزاثخ ، , ًٌثم 𝒇𝒘 ًٌثم ٔصٌ انًبدح انًزاثخ ثبنغشاو، 𝑾𝒕: حٍث

. ثبنًهٍهتش

Units: fw/L , mfw/mL 
 

 Molality: -4                                                                                 :انًٕلانٍخ- 4

Number of Moles of solute per Kilogram (1000g) of solvent 

 .يٍ انًزٌت ( غى1000)تًثم عذد يٕلاد انًزاة فً  كٍهٕ غشاو 

𝒎 =
 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇𝒎𝒐𝒍𝒆𝒔 𝒐𝒇 𝒔𝒐𝒍𝒖𝒕𝒆

𝑾𝒕. 𝒔𝒐𝒍𝒗𝒆𝒏𝒕. (𝑲𝒈)
                                      

  هووولاد الوذاة

 

غزام عددكيل

 وسى الوذيت  
= 𝒎 

𝒎 =  
𝑾𝒕

𝑴.𝑾𝒕
  𝒙 

𝟏𝟎𝟎𝟎

𝑾𝒕. 𝒔𝒐𝒍𝒗𝒆𝒏𝒕. (𝒈)
 

Units: Mole/kg or mmole/g 

Ex: Calculate the molality (m) of solution result from dissolving 5 g of Sodium 

hydroxide in 250 g of distilled water. (M.Wt=40g/mole) 

𝐧 =
𝐖𝐭

𝐌.𝐖𝐭
    =

𝟓

𝟒𝟎
= 0.125 mole   

𝑲𝒈 = 𝟏𝟎𝟎𝟎𝒎𝒈  ⇒ 𝟐𝟓𝟎𝒈 = 𝟎. 𝟐𝟓𝟎𝑲𝒈     

𝒎 =
 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇𝒎𝒐𝒍𝒆𝒔 𝒐𝒇 𝒔𝒐𝒍𝒖𝒕𝒆

𝑾𝒕. 𝒔𝒐𝒍𝒗𝒆𝒏𝒕. (𝑲𝒈)
  =  =

 𝟎. 𝟏𝟐𝟓

𝟎. 𝟐𝟓𝟎
= 𝟎. 𝟓𝒎 

or:      𝒎 =  
𝑾𝒕

𝑴.𝑾𝒕
 𝒙

𝟏𝟎𝟎𝟎

𝑾𝒕.𝒔𝒐𝒍𝒗𝒆𝒏𝒕.(𝒈)
              𝑴  =  

𝟓

𝟒𝟎
 𝒙

𝟏𝟎𝟎𝟎

𝟐𝟓𝟎
= 0.5m 
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 Mole Fraction:- 5 :                                                           انكسش انًٕنً- 5

The ratio between the number of moles of solute or solvent to the total 

number of moles of solute or solvent 

 .ْٕ انُسجخ ثٍٍ عذد يٕلاد انًزاة أ انًزٌت انى انعذد انكهً نًٕلاد انًزاة ٔانًزٌت

                n1                                                           n2 

X1 =                                      X2 =  

              n1 + n2                                               n1 + n2        

X1 + X2 =1 

 عذد يٕلاد n2 عذد يٕلاد انًزاة، n1 انكسش انًٕنً نهًزٌت،X2تًثم انكسش انًٕنً نهًزاة،  X1حٍث 

 .انًزٌت

Ex: Calculate the mole fraction for A and B in its mixture if you know number 

of Moles of A = 18 moles and B= 40 moles  

                 18                                                                        40 

X1 =                        = 0.310          X2 =                    = 0.690 

              18 + 40                                        18 + 40 

 :Percentage Ratio -6                                     :انتشكٍض انًئٕي انُسجخ انًئٌٕخ- 6

A- Weight Volume Percentage Concentration: No. of g of solute in 

100ml of solution 

 . يهٍهتش يٍ انًحهٕل100عذد غشايبد انًزاة فً  : انُسجخ انًئٌٕخ انٕصٍَخ انحجًٍخ - أ

                         Wtgof solute                                                      

%W/V =                                         x100          

                        VmL of solution                              

    انًزاة ثبنغشاؤصٌ                                     

%W/V     =                                        x 100 

 حجى انًحهٕل ثبنًهٍهتش                                    
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B- Volume Percentage Concentration: No. of mL of solute in 100 mL 

of solution 

 . يهٍهتش يٍ انًحهٕل100عذد يهٍهتشاد انًزاة فً : انُسجخ انًئٌٕخ انحجًٍخ    - ة
                     

                        VmL of solute                                                      

% V/V=                                         x100          

                        VmL of solution                                

    انًزاة ثبنًهٍهتشحجى                                      

%V/V                                  =               x 100 

 حجى انًحهٕل ثبنًهٍهتش                                    

   

(انًزٌت+ انًزاة )حجى  = حجى انًحهٕل  :يلاحظخ 

 

C- Weight Percentage Concentration: No. of g of solute in 100 g of 

solution. 

 . غشاو يٍ انًحهٕل100 عذد غشايبد انًزاة فً : انُسجخ انًئٌٕخ انٕصٍَخ-ج
                      

                     Wtg of solute                                                      

%W/W=                                   x100          

                     Wtg of solution 

    انًزاة ثبنغشاؤصٌ                                

%W/W                                   =x 100 

 ٔصٌ انًحهٕل ثبنغشاو                              

(انًزٌت+ انًزاة )ٔصٌ    =ٔصٌ انًحهٕل : يلاحظخ

Ex: Calculate the percentage ratio for solution result from dissolving 5 g of 

Sodium hydroxide in 0.25 L of solution 

                       Wtg of solute                                                       5       

%W/V=                                          x100      =                    x100  = 2%   

                        VmL of solution                                                250 

  

Ex: Calculate the percentage ratio for solution result from addition of 200 mL of 

Methanol to 400 mL distilled water. 

                        VmL of solute                                                      

% V/V=                                       x100      

                        VmL of solution                                                        

                           200 

% V/V=                                x100   = 33.333%       

                      200 + 400                      
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Ex: Calculate the No. of g of glucose solution in 800 mL industrial solution, if  its 

percentage ratio is 15% 

                        Wtg of solute                                                      

%W/V=                                         x100           

                        VmL of solution                                  

 

                     Wtg of glucose                     

15   =                                              x 100 = 120g 

                          800                                                                      

Parts per thousandth ( ppt)جضء نكم انف جضء- 7

                    Wt. of solute (ٔصٌ انًزاة)                                                 

    ppt =                                                          x10
3
         

                      Wt. of solution (ٔصٌ انًحهٕل)   

 

  8-Parts per million ( ppm):                                          :جضء نكم يهٌٍٕ جضء- 8

 
                    Wt. of solute    (ٔصٌ انًزاة)                                                                                                    

    ppm =                                                         x10
6
         

                       Wt. of solution (ٔصٌ انًحهٕل)   

 

 Parts per billion9- ( ppb)::                                             جضء نكم ثهٌٍٕ جضء- 9

 
                      Wt. of solute (ٔصٌ انًزاة)                                                                                                                                                        

     ppb =                                                        x10
9
         

                       Wt. of solution (ٔصٌ انًحهٕل)   

Gram (g) = 1000 Milligram (mg)   

Milligram (mg) =1000 Microgram (μg) 

Microgram (μg) = 1000 Nangram(ng)

Liter (L) = 1000 Milliliter (mL)

Milliliter (mL) = 1000 Microliter(μL)

Microliter(μL) =  1000 Nanoliter(nL) 
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 صهت فً صهت صهت فً سبئم سبئم فً سبئم الأجضاء

ppt mL/L = μL/mL g/L = mg/mL g/kg = mg/g 

ppm μL/L = nL/mL mg/L = μg/mL mg/kg = μg/g 

ppb nL/L  μg/L = ng/mL μg/kg = ng/g 

 

 ًٌكٍ استخذاو انقٕاٍَ الاتٍخ لأٌجبد تشاكٍض انًحبنٍم انسبئهخ يٍ يعشفخ َسجتٓب انًئٌٕخ – 10

 .ٔٔصَٓب انُٕعً

𝑴 =
% 𝒙 𝒔𝒑.𝒈𝒓 𝒙 𝟏𝟎𝟎𝟎

𝑴. 𝑾𝒕
                  

𝒙 𝟏𝟎𝟎𝟎 الوسى النوعي 𝒙 النسجخ الوئويخ

الوسى الجشيئي
= 𝑀  

𝑵 =
% 𝒙 𝒔𝒑.𝒈𝒓 𝒙 𝟏𝟎𝟎𝟎

𝒆𝒒. 𝒘𝒕
                   

𝒙 𝟏𝟎𝟎𝟎 الوسى النوعي 𝒙النسجخ الوئويخ

الوسى الوكبفئ
= 𝑵 

𝑭 =
% 𝒙 𝒔𝒑.𝒈𝒓 𝒙 𝟏𝟎𝟎𝟎

𝒈. 𝒇𝒘
                      

𝒙 𝟏𝟎𝟎𝟎 الوسى النوعي 𝒙 النسجخ الوئويخ

وسى الصيغخ
= 𝑭 

Also these laws: 

                                                                                    N1 V1 = N2 V2

M1 V1 = M2 V2                                               

                               F1 V1 = F2 V2      

𝒅 =
𝑾𝒕 𝒈 

𝑽𝒎𝒍
                                                       

  الكتلخ ثبلغزام

الحجن ثبلوليلتز
=       علوآ انه  الكثبفخ

كثبفخالوبء الوبدح

كثبفخ
= الوسى النوعي : ٔانٕصٌ انُٕعً نهًبدح خبنً يٍ انٕحذاد  
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Ex: Calculate the normality (N) of solution result from dilution 100mL of 0.25 N 

Nitric Acid to 250mL. 

N1V1 =  N2V2  

0.25 x 100 = N2 x 250         ⇒   N2 = 0.1N 

Ex: How can you prepare 0.1 N  of 250 mL Sulfuric Acid if you know Sp. Gr. 

1.84, percentage ratio 96% and M.Wt. 98 g/mole  

 

𝒆𝒒. 𝒘𝒕(𝒂𝒄𝒊𝒅)   =  
𝑴. 𝑾𝒕

𝒏𝒐. 𝒐𝒇 𝑯 𝒊𝒐𝒏𝒔 𝒓𝒆𝒂𝒅𝒚 𝒕𝒐 𝒔𝒖𝒃𝒔𝒕𝒊𝒕𝒖𝒕𝒆𝒅 
 

𝟗𝟖

𝟐
= 𝟒𝟗     

𝑵 =
% 𝒙 𝒔𝒑.𝒈𝒓 𝒙 𝟏𝟎𝟎𝟎

𝒆𝒒. 𝒘𝒕
        =

𝟎. 𝟗𝟔 𝒙 𝟏.𝟖𝟒 𝒙 𝟏𝟎𝟎𝟎

𝟒𝟗
=  𝟑𝟔.𝟎𝟒𝟗𝑵 

. يم َطجق قبٌَٕ انتخفٍف250 ٔحجًّ N  0.1ْٔزا ًٌثم تشكٍض انحبيض الاصهً ٔنتحضٍش يحهٕل تشكٍضِ

N1 V1 = N2 V2

36.049 x V1 = 0.1 x 250 

V1 = 0.694 mL 

 يم فٍٓب كًٍخ قهٍهخ يٍ 250 يم يٍ انحبيض الاصهً َٔضعّ فً قٍٍُُخ حجًٍخ راد سعخ  0.694اي َسحت 

.انًبء انًقطش، ثى َكًم انحجى انى انعلايخ ثبنًبء انًقطش

By add 0.694 mL of acid and in 250 mL volumetric flask then complete the 

volume up to the mark with distilled water.                                                                

Q:                                                                                                                            :سؤال

How can you prepare 0.5 N of 500 mL Hydrochloric Acid if you know               

Sp. Gr. 1.184, percentage ratio 37% and A.Wt. H=1    Cl=35.5 
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Solved questions on concentrations 

Q1- What is the formal concentration of NaCl solution (M.Wt 58.5 
g/mole) if 0.1753 g of the salt dissolved in sufficient amount of water to 
give 240mL of solution? 

𝑭 =  
𝑾𝒕

𝒈. 𝐟𝒘
 𝒙

𝟏𝟎𝟎𝟎

𝑽𝒎𝑳
    

𝑭 =  
𝟎. 𝟏𝟕𝟑𝟓

𝟓𝟖. 𝟓
 𝒙

𝟏𝟎𝟎𝟎

𝟐𝟒𝟎
                                       

= 𝟎. 𝟎𝟏𝟐𝟓 𝑭 (𝒎𝒇𝒘/𝒎𝑳)      

Q2- Calculate the molality (m) of a solution which is 10% by weight 
NaOH (M.Wt 40g/mole), supposing that we take 100gm of solution.  

In 100 g of solution: 10g NaOH + 90 g H2O 

𝒎 =  
𝑾𝒕

𝑴.𝑾𝒕
  𝒙 

𝟏𝟎𝟎𝟎

𝑾𝒕. 𝒔𝒐𝒍𝒗𝒆𝒏𝒕. (𝒈)
 

𝒎 =  
𝟏𝟎

𝟒𝟎
  𝒙 

𝟏𝟎𝟎𝟎

𝟗𝟎
   = 2.778 m (mmole/g) 

Q3- Calculate the molarity and normality of a solution containing 10.6g 
of sodium carbonateNa2CO3(M.Wt 106g/mole) in one liter of aqueous 
solution? 

𝑴 =  
𝒏

𝑽(𝒍𝒊𝒕𝒆𝒓)
           𝒏 =

𝑾𝒕(𝒈)

𝑴.𝑾𝒕
    =

𝟏𝟎.𝟔

𝟏𝟎𝟔
= 0.1 mole    

𝑴 =  
𝟎.𝟏

𝟏
= 0.1M (mole/L) 

or:      𝑴 =  
𝑾𝒕

𝑴.𝑾𝒕
 𝒙

𝟏𝟎𝟎𝟎

𝑽𝒎𝑳
          

𝑴  =  
𝟏𝟎.𝟔

𝟏𝟎𝟔
 𝒙

𝟏𝟎𝟎𝟎

𝟏𝟎𝟎𝟎
 = 0.1M (mmole/mL) 
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𝒆𝒒. 𝒘𝒕(𝒔𝒂𝒍𝒕)   =  
𝑴. 𝒘𝒕

𝒏𝒐. 𝒐𝒇 𝒄𝒂𝒕𝒊𝒐𝒏𝒔 𝒙 𝒐𝒙𝒊𝒅𝒂𝒕𝒊𝒐𝒏 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒄𝒂𝒕𝒊𝒐𝒏𝒔 

eq.wt (Na2CO3) =  
𝟏𝟎𝟔

𝟐 𝒙 𝟏
= 53 g/eq 

𝑵 =
 𝒏𝒐. 𝒐𝒇𝒆𝒒

𝑽(𝒍𝒊𝒕𝒆𝒓)
 ,             𝒏𝒐. 𝒐𝒇𝒆𝒒 =  

𝑾𝒕

𝒆𝒒. 𝒘𝒕
   =    

𝟏𝟎. 𝟔

𝟓𝟑
= 𝟎. 𝟐 𝒆𝒒              

𝑵 =
𝟎. 𝟐

𝟏
  = 𝟎. 𝟐 𝑵(𝒆𝒒/𝑳)     

Or:   𝑵 =  
𝑾𝒕

𝒆𝒒.𝒘𝒕
 𝒙

𝟏𝟎𝟎𝟎

𝑽𝒎𝑳
       =   

𝟏𝟎.𝟔

𝟓𝟑
 𝒙

𝟏𝟎𝟎𝟎

𝟏𝟎𝟎𝟎
= 𝟎. 𝟐𝑵(𝒎𝒆𝒒/𝒎𝑳) 

Q4- 16 gram of KNO3 is dissolved in 84 g of water to give 16%(w/w)
KNO3 solution express the concentration in ppm. 

ppm = ppm
g

g

solutionofwt

soluteofwt
666 101905.010

84

16
10  (μg/g) 

Q5- Calculate the number of grams of solute in: 
a- 1 liter of 0.2 N  Ba(OH)2 solution. 
b-  5 liter of 0.2 N (NaOH) solution. 

a-                                             M.Wt      

   eq.wt(Base) =  

                                no. of hydroxide atoms ionized (OH
-
) 

eq.wt Ba(OH)2 = 
2

171
=85.5 g/eq 

𝑵 =  
𝑾𝒕

𝒆𝒒. 𝒘𝒕
 𝒙

𝟏𝟎𝟎𝟎

𝑽𝒎𝑳
  ⇒  𝑾𝒕 =  

𝑵 𝒙 𝒆𝒒. 𝒘𝒕 𝒙 𝑽𝒎𝒍

𝟏𝟎𝟎𝟎
    

𝑾𝒕 =  
𝟎. 𝟐 𝒙 𝟖𝟓. 𝟓𝒙 𝟏𝟎𝟎𝟎

𝟏𝟎𝟎𝟎
= 𝟏𝟕. 𝟏 𝐠      
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b-                                             M.Wt      

   eq.wt(Base) =  

                                no. of hydroxide atoms ionized (OH
-
) 

eq.wt NaOH = 
1

40
=40 g/eq 

𝑵 =  
𝑾𝒕

𝒆𝒒. 𝒘𝒕
 𝒙

𝟏𝟎𝟎𝟎

𝟏𝟎𝟎𝟎
    

𝑽𝒎𝑳
  ⇒  𝑾𝒕 =  

𝑵 𝒙 𝒆𝒒. 𝒘𝒕 𝒙 𝑽𝒎𝒍

𝑾𝒕 =  
𝟎. 𝟐 𝒙 𝟒𝟎𝒙 𝟓𝟎𝟎𝟎

𝟏𝟎𝟎𝟎
= 𝟒𝟎 𝐠      

Q6- How can you prepare:  
a- 250 mL of 0.25 F  HCl, if sp. gravity of HCl =1.184 and containing 

about 37% HCl by weight. 
b- 250 ml of 0.1M H2SO4. if sp. Gravity = 1.84 and containing about 

96% H2SO4. 
a-  

𝑭 =
% 𝒙 𝒔𝒑.𝒈𝒓 𝒙 𝟏𝟎𝟎𝟎

𝒈. 𝒇𝒘
        =

𝟎. 𝟑𝟕 𝒙 𝟏. 𝟏𝟖𝟒 𝒙 𝟏𝟎𝟎𝟎

𝟑𝟔. 𝟓
=  𝟏𝟐.𝟎𝟎𝟐𝑭 

. يم َطجق قبٌَٕ انتخفٍف250 ٔحجًّ F  0.25ْٔزا ًٌثم تشكٍض انحبيض الاصهً ٔنتحضٍش يحهٕل تشكٍضِ

F1V1 = F2V2 

12.002  V1 = 0.25  250 

V1= 
002.12

25025.0 
= 5.207 mL  

 يم فٍٓب كًٍخ قهٍهخ يٍ 250 يم يٍ انحبيض الاصهً َٔضعّ فً قٍُُخ حجًٍخ راد سعخ  5.207اي َسحت 

.انًبء انًقطش، ثى َكًم انحجى انى انعلايخ ثبنًبء انًقطش

By add 5.207 mL of acid and in 250 mL volumetric flask then complete the 

volume up to the mark with distilled water.                                                                
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b-  

𝑴 =
% 𝒙 𝒔𝒑.𝒈𝒓 𝒙 𝟏𝟎𝟎𝟎

𝑴. 𝑾𝒕
        =

𝟎. 𝟗𝟔 𝒙 𝟏. 𝟖𝟒 𝒙 𝟏𝟎𝟎𝟎

𝟗𝟖
=  𝟏𝟖. 𝟎𝟐𝟒𝑴 

. يم َطجق قبٌَٕ انتخفٍف250 ٔحجًّ M  0.1ْٔزا ًٌثم تشكٍض انحبيض الاصهً ٔنتحضٍش يحهٕل تشكٍضِ

M1V1 = M2V2 

18.024  V1 = 0.1  250 

V1= 
024.18

25025.0 
= 1.387 mL  

 يم فٍٓب كًٍخ قهٍهخ يٍ 250 يم يٍ انحبيض الاصهً َٔضعّ فً قٍُُخ حجًٍخ راد سعخ 1.387اي َسحت 

 .انًبء انًقطش، ثى َكًم انحجى انى انعلايخ ثبنًبء انًقطش

By add 1.378mL of acid and in 250 mL volumetric flask then complete the 

volume up to the mark with distilled water.                                                                

Q7- Calculate the normality (N) of a 500 ml solution containing 20gms of 
NaOH (M.Wt 40 g/mole). 

𝑵 =  
𝑾𝒕

𝒆𝒒. 𝒘𝒕
 𝒙

𝟏𝟎𝟎𝟎

𝑽𝒎𝑳
       =   

𝟐𝟎

𝟒𝟎
 𝒙

𝟏𝟎𝟎𝟎

𝟓𝟎𝟎
= 𝟏𝑵(𝒎𝒆𝒒/𝒎𝑳) 

Q8- Find the molarity (M) of NaCl solution if 1.17 %( W/V), M.Wt=58.5. 

% W/V = No. of grams of solute(1.17g) in 100 ml 0f solution 

𝑴 =  
𝑾𝒕

𝑴. 𝑾𝒕
 𝒙

𝟏𝟎𝟎𝟎

𝑽𝒎𝑳
          

𝑴  =  
𝟏.𝟏𝟕

𝟓𝟖.𝟓
 𝒙

𝟏𝟎𝟎𝟎

𝟏𝟎𝟎
 = 0.2M (mmole/mL) 

Q9- Calculate the mole fraction of 15% by weight aqueous sugar 
solution (15% (w/w) C6H12O6). 
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M.Wt:  C6H12O6 = 180 g/mole,   H2O = 18 g/mole 

In 100 g of solution: 15g C6H12O6 + 85 g H2O 

waterofmolesofNosugarofmolesofNo

sugarofmolesofNo
Xsugaroffractoinmole

..

.
)( 1





waterofmolesofNosugarofmolesofNo

waterofmolesofNo
Xwateroffractionmole

..

.
)( 2





Numbers of mole of C6H12O6 (n1) = 

𝒏𝟏 =
𝑾𝒕

𝑴. 𝑾𝒕
       =

𝟏𝟓

𝟏𝟖𝟎
  = 𝟎. 𝟎𝟖𝟑 𝒎𝒐𝒍𝒆    

Numbers of mole of water (n2) = 

𝒏𝟐 =
𝑾𝒕

𝑴. 𝑾𝒕
       =

𝟖𝟓

𝟏𝟖
  = 𝟒. 𝟕𝟐𝟐 𝒎𝒐𝒍𝒆    

                n1                                   0.083                         
X1 =                            =                   = 0.017 (mole fraction of sugar) 

              n1 + n2                              4.805                        

                n2                                   4.722                         
X2 =                            =                   = 0.983 (mole fraction of water) 

              n1 + n2                              4.805                        

X1 + X2 =1 

0.017 + 0.983 =1 
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1

Chemical equilibrium

                 :Chemical Reactions Divided into:حقسى انخفاعلاث انكًٍٍائٍت انى

                 

                                  :Irreversible Reactions  -1:عكسٍتلاانخفاعلاث ال – 1

          

2-  Reversible Reactions:                                       

A chemical reaction that can occur in one direction reactions, so that 

the reactants are completely consumed in the reaction and shown by 

one arrow.  

اعزٓلاك ربو نزشاكٛض انًٕاد انًزفبػهخ رغبِ ٔاؽذ ٔٚؾذس فٛٓب اْٙ انزفبػلاد انزٙ رغش٘ فٙ 

 . ًٔٚكٍ رًضٛهٓب ثغٓى ٔاؽذ فٙ يؼبدنخ انزفبػم.ٔرؾٕٚهٓب إنٗ َٕارظ

HCl + NaOH                NaCl + H2O 

 :انخفاعلاث انعكسٍت – 2

     A chemical reaction that can occur in both directions (the forward 

and backward directions), so that the reactants are incompletely 

consumed in the reaction and shown by two arrows 

 .اعزٓلاك ربو نزشاكٛض انًٕاد انًزفبػهخْٙ انزفبػلاد انزٙ رغش٘ فٙ ارغبٍْٛٛ ٔلا ٚؾذس فٛٓب

 .ٔرًضم ثغًٍٓٛ فٙ يؼبدنخ انزفبػم

CH3COOH + NaOH                     CH3COONa + H2O 

        Most of the reactions that are useful for chemical analysis 

proceed rapidly to a state of chemical equilibrium in which reactants 

and products exist in constant ratios. The knowledge of this ratio 

permits the chemists to decide whether the reaction is suitable for 

chemical analysis or not. Equilibrium constant expressions are 

algebraic equations that relate to the concentrations of reactants or 

http://chemwiki.ucdavis.edu/Physical_Chemistry/Chemical_Equilibrium/Reversible_vs._Irreversible_Reactions#Irreversible_Reactions
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products .in a chemical reaction to one another in means of numerical 

quantity called equilibrium constant. 

يؼظى انزفبػلاد انًفٛذح فٙ انزؾهٛم رؼًم عشٚؼب ػهٗ رؾقٛق الارضاٌ انكًٛٛبئٙ ؽٛش رزٕاعذ 

ٚؼجش ػٍ الارضاٌ انكًٛٛبئٙ ثًؼبدلاد عجشٚخ رزؼهق . انًزفبػلاد ٔانُٕارظ ثُغت يؼُٛخ

 .ثزشاكٛض انًزفبػلاد ٔانُٕارظ فٙ رفبػم يب يغ ثؼضٓب ثأعهٕة ػذد٘ ٚغًٗ صبثذ الارضاٌ

    Most of the reactions theoretically regarded as reveres reactions

Let's  take this simple Reaction: 

    A + B                     C + D 

V1 = k1 .CA. CB                  V2 =  k2. CC. CD 

V1  = ي    سرعت انخفاعم الاياوRate of forward reaction 

V2  = ًسرعت انخفاعم انخهف.Rate of backward reaction  

k1 =ًثابج سرعت انخفاعم الاياي .Rate Constant of forward reaction        

k2 =ًثابج سرعت انخفاعم انخهف .Rate Constant of backward reaction        

 CA,B,C,D=  ٍانخراكٍز انًولارٌت نكم يMolar Concentration of: A,B,C,D 

  These double arrows refer to the reverse reaction At start, Rate of 

backward reaction equal zero, and when the reaction occur the 

concentration of C and D will increase, that's  lead to an increase the 

Rate Constant of backward reaction, until reached the Equilibrium, the 

rate of both reactions become equals.       

ٔػُذ ؽذٔس انزفبػم . يغبٔٚخ نهظفش (انخهفٙ)فٙ انجذاٚخ، ركٌٕ عشػخ انزفبػم انؼكغٙ      

 رجذأ فٙ انضٚبدح ْٔزا ٚؤد٘ انٗ صٚبدح فٙ عشػخ انزفبػم C ٔ Dيجبششح فأٌ رشاكٛض كم يٍ 

نؾٍٛ انٕطٕل انٗ ؽبنخ انزٕاصٌ ٔانزٙ رزغبٖٔ فٛٓب عشػزٙ كم يٍ انفبػم   (انخهفٙ)انؼكغٙ

: ، ٔكًب يٕضؼ يٍ انؼلاقخ الارٛخ(انؼكغٙ)الايبيٙ ٔانخهفٙ

k1 . CA   x  CB = k2. CC  x  CD                  ٌعُد الأحزا        at Equilibrium      

     

               k1                       CC x CD 

K =                          =                           

                k2                      CA x CB 
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   At this point the reaction is called in equilibrium and no changes can 

be detected at this point in the system. Although it looks like the 

reaction is stopped but it is continuous in both sides. 

ػُذ انزٕاصٌ ركٌٕ عشػخ انزفبػم يزغبٔٚخ ثبلارغبٍْٛ ٔثبنزبنٙ لا ُٚزٓٙ انزفبػم ٔػهٗ انشغى 

 .يٍ اَّ ٚجذٔ ٔكأٌ انزفبػم يزٕقف إلا إٌ انزفبػم يغزًش ثبلارغبٍْٛ 

       Chemical equilibrium is dynamic in nature and chemical constant 

(k) is presented as follows :

 

 

[  ]=Concentration 

Kinds of chemical equilibrium                    أَواع الاحزاٌ انكًٍٍائً

1- Homogeneous system :  انُظبو انًزغبَظ 

This system occur in one phase of reactants and product  

ركٌٕ انًٕاد انًزفبػهخ ٔانًٕاد انُبرغخ فٙ طٕس ٔاؽذ 

H2 (g) + I2 (g)           2HI (g) 

PCl5 (g)            PCl3 (g) +Cl2 (g) 

2- Heterogeneous system :انُظبو انغٛش يزغبَظ 

This system occur in more than one phase of reactants and products.  

 ركٌٕ انًٕاد انًزفبػهخ ٔانًٕاد انُبرغخ فٙ أكضش يٍ طٕس ٔاؽذ 

CaCO3 (s)              CaO (s) +CO2 (g)

Ag
+
 +Cl

-
  in solution  AgCl (s)  

 :Mass action law:                                                 قاَوٌ فعم انكخهت

𝐊 =
    𝐂    𝐃    

 𝐀   [𝐁]
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       This law is called also general law of chemical equilibrium. An 

equilibrium shift is brought about by changing the amount of one of 

the participants is called mass action effect .in the reverse reaction in 

their generalized equation .  

mM + nN   pP +qQ 

       Capital letters represents formula of participating chemical 

species and the small letters represent the numbers required for the 

equation balance. 

ٚؤد٘ إنٗ اَؾشاف  (انًزفبػلاد أٔ انُٕارظ )إضبفخ أ٘ كًٛخ يٍ اؽذ انًغبًٍْٛ  فٙ انزفبػم 

ثبلارضاٌ ٔٚغًٗ ْزا ثزأصٛش فؼم انكزهخ انؾشٔف انكجٛشح رشٛش إنٗ طٛغ انًغبًْبد انكًٛٛبئٛخ 

. أيب انؾشٔف انظغٛشح فزشٛش إنٗ الأسقبو انلاصيخ نًٕاصَخ انًؼبنخ

     The approximate chemical equilibrium (equilibrium constant K) 

for this reaction is : 

K =    
 [𝐏]𝐩  [𝐐]𝐪

[𝐌]𝐦 [𝐍]𝐧
    

      Brackets represent molar concentration of dissolved solutes or 

partial pressure in atmosphere. Equilibrium constant (K) is a 

temperature dependent value. Each concentration is raised to the 

power that is identical integer that accompanies the formula of the 

species in the balanced equation .In reverse reactions the multiply 

yield of the activities of the products divided by the multiply yield of 

the reactants at certain temperature gives a constant value called 

equilibrium constant (K). 

رؼجش الأقٕاط ػٍ انزشاكٛض انًٕلاسٚخ  نلأيلاػ انزائجخ أٔ انضغظ انغضئٙ ثٕؽذاد ضغظ 

ٚشفغ كم رشكٛض إنٗ أطُ ٚغبٔ٘ انشقى .عٕ٘ اٌ قًٛخ صبثذ الارضاٌ رؼزًذ ػهٗ دسعخ انؾشاسح 

ؽبطم قغًخ َبرظ ضشة فؼبنٛخ انُٕارظ . انًظبؽت نظٛغخ الأطُبف فٙ انًؼبدنخ انًزٕاصَخ 

 .ػهٗ ؽبطم ضشة فؼبنٛخ انًزفبػلاد رغبٔ٘ قًٛخ صبثذ الارضاٌ

aA + bB   cC +dD 
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K  =   
𝐚𝐂𝐜   𝐚𝐃𝐝

𝐚𝐀𝐚   𝐚𝐁𝐛    , 𝐊𝐜 =
[𝐂]𝐜   [𝐃]𝐝

[𝐀]𝐚   [𝐁]𝐛
    

Activities of, a CC, a Dd, aAa
 

Molar concentrationsof [C]C, [D]d , [A]a
 

a = c . f 

a = activity  انفؼبنٛخ 

c = molar concentration  ٘انزشكٛض انًٕلاس 

f = activity factor انفؼبنٛخ يؼبيم   

     The value of f at diluted solution is approximately one and hence 

molar concentration is used instead of activity, also in gas reactions 

partial pressure is used instead of activity. 

اٌ قًٛخ يؼبيم انفؼبنٛخ فٙ انًؾبنٛم انًخففخ رقزشة يٍ ٔاؽذ ٔنزا ٚغزخذو انزشكٛض انًٕلاس٘ 

.ثذٜ يٍ انفؼبنٛخ، ايب فٙ ؽبنخ انزفبػلاد انغبصٚخ فٛغزخذو انضغظ انغضئٙ ثذلاً ػٍ انفؼبنٛخ

 Kp = 
   𝐏𝐜𝐜    .   𝐏𝐃𝐝  

𝐏𝐀𝐚   .    𝐏𝐁𝐛   

Partial pressures of PA
a , PB

b  PC
C , PD

d 

Kc or Kp is constant at certain temperature. 

Lechateliers  Principle                 قاعدة نٍشاحهٍه 

      When the system in equilibrium any change in the values of 

equilibrium factors lead to a deviation in the system in a way to 

decrease the effect of this change. These factors are temperature, 

pressure , concentration , amount of solvent etc …. 

    When the system is subjected to such potential it direct the reaction 

toward the side decreases the effect of this potential . 
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ػُذيب ٚكٌٕ انُظبو فٙ ؽبنخ رٕاصٌ فبٌ رغهٛظ عٓذ ثزغٛٛش فٙ ػٕايم الارضاٌ كذسعخ 

انؾشاسح أٔ انضغظ أ انزشكٛض أ كًٛخ انًزٚت ٕٚعّ َظبو انزفبػم ثبلارغبِ انز٘ ٚقهم يٍ 

 .رأصٛش ْزا انغٓذ

Factors affecting the reaction equilibrium 

 انؼٕايم انًؤصشح فٙ ارضاٌ انزفبػم

1- Temperature :  دسعخ انؾشاسح 

Reactions are of two types  

Exothermic                                  endothermic 

 يبص نهؾشاسح                                    ثبػش نهؾشاسح

H=(+) positive∆                         H=(-) negative ∆

   CH3OH      ∆H= -
 
92 KJ                CO +2H2 

     This reaction is exothermic (to the left ) and of course endothermic 

(to the right ) . forward reaction is exothermic and backward reaction 

is endothermic .when temperature increased the reaction proceed to 

left thus methanol concentration increases with decreasing 

temperature and K value increases also .   

ْزا انزفبػم ثبػش نهؾشاسح ٔٚزٕعّ انزفبػم َؾٕ انٛغبس ثضٚبدح دسعخ انؾشاسح ٔيغ َقظبَٓب 

 .ٚزغّ انزفبػم َؾٕ انًٍٛٛ ٔٚضداد رشكٛض انًٛضبَٕل ٔرضداد قًٛخ صبثذ الارضاٌ 

2- Pressure انضغظ 

         Pressure has the high effect on ( K ) value in gas phase reaction. 

Increasing the pressure will decrease the volume and direct the 

reaction to the direction which cause reduction in the system reduction 

in total number of molecules. 

N2 + 3H2 2NH3 فٙ انؾغى رغٛش  

صٚبدح انضغظ رؤد٘ إنٗ رقهٛم انؾغى رٕعّٛ انزفبػم ثبلارغبِ انز٘ ٚقهم يٍ انؼذد انكهٙ 

 .نهغضٚئبد

3- Concentration انزشكٛض 
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        K value depended on concentration of reactions and products. 

Using lechatle principle one can predict the direction of the reaction. 

3I
-
 + 2Fe 

3+
   I

-
3 +2Fe

2+ 
 

       If one of the participant concentrations is changed then the system 

will search for equilibrium .Adding Fe
2+ 

to the solution will direct the 

reaction to the left. 

رؼزًذ قًٛخ صبثذ الارضاٌ ػهٗ رشكٛض انًزفبػلاد ٔانُٕارظ ٔفٙ انزفبػم أػلاِ إضبفخ إٌٚ 

 .انؾذٚذٔص ٕٚعّ انزفبػم َؾٕ انٛغبس ٔؽغت قبػذح نٛشبرهّٛ 

4- Catalysts  انؼٕايم انًغبػذح 

         Catalysts can increase the velocity of the reaction and decreases 

the time required for obtaining equilibrium .but can not change 

equilibrium concentrations or constant. 

انؼٕايم انًغبػذح رغشع انزفبػلاد ٔرقهم يٍ انضيٍ انلاصو نهٕطٕل إنٗ الارضاٌ نكُٓب لارغُٛش 

 .رشكٛض أٔ صبثذ الارضاٌ 

5- Amount of solvent  كًٛخ انًزٚت 

        When the volume of the solvent increases the reaction is directed 

to the direction was the number of molecules is bigger. 

.صٚبدح كًٛخ انًزٚت رٕعّ انزفبػم ثبرغبِ انغٓخ انزٙ رؾزٕ٘ ػذد اكجش يٍ انغضٚئبد    
 
   

Solubility of precipitates

 رٔثبَٛخ انشٔاعت

         Solubility is defined as the disappearing of atoms or molecules 

or ions of solute in solvent atoms or molecules. it is the amount of 

solute that dissolves in certain volume of solvent at certain 

temperature. Solubility depends on type of solvent and type of solute. 

All materials has certain solubility and even insoluble materials means 

the amount dissolved is very little. Water is the magic solvent and can 
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dissolve solute, acids and bases , some other organic materials require 

organic solvents. 

رؼشف انزٔثبَٛخ ػهٗ إَٓب اخزفبء أعضاء انًزاة ثٍٛ أعضاء انًزٚت ْٔٙ كًٛخ انًبدح انزٙ 

رؼزًذ انزٔثبَٛخ ػهٗ َٕع انًزاة .رزٔة فٙ ؽغى يؼٍٛ يٍ انًزٚت ػُذ دسعخ ؽشاسح يؼُٛخ 

َٕٔع انًزٚت ٔكم انًٕاد ػًٕيب رزٔة إنٗ ؽذ يؼٍٛ ٔؽزٗ انًٕاد انغٛش رائجخ فأٌ كًٛخ 

انًبء يزٚت عؾش٘ نلأيلاػ ٔانؾٕايض ٔانقٕاػذ فٙ ؽٍٛ ثؼض .انًزاة يُٓب قهٛم عذاً 

 .انًٕاد انؼضٕٚخ رؾزبط إنٗ يزٚجبد ػضٕٚخ 

Solubility product principle

 يبدأ حاصم الاذابت

       When 0.1M of NaCl solution is mixed with 0.1M of AgNO3 

solution, AgCl white precipitate is formed and will be in equilibrium 

with Ag
+

 and Cl
- 
ions in the solution. This solution is called saturated 

with AgCl precipitate. 

Ag
+ 

+ Cl
- 

AgCl ↓ precipitate (in solution) ساعت 

      In this saturated solution the multiplication yield of [Ag] and [Cl] 

is constant at certain temperature. This constant value is called 

solubility product. 

 

ػُذ يضط يؾهٕنٍٛ نُزشاد انفضخ ٔ كهٕسٚذ انظٕدٕٚو ٚزكٌٕ ساعت اثٛض يٍ كهٕسٚذ 

انفضخ ٔانز٘ ٚكٌٕ فٙ ؽبنخ رٕاصٌ يغ إَٚٙ انفضخ ٔ انكهٕس فٙ يؾهٕل يشجغ ثبنشاعت 

قًٛخ ؽبطم الإراثخ رغبٔ٘ ؽبطم ضشة رشاكٛض الإَٚبد انًزفبػهخ يشفٕػخ إنٗ أطُ .

إٌ . ػذد الإَٚبد فٙ انًؼبدنخ انًزٕاصَخ ػُذ دسعخ ؽشاسح يؼُٛخ نهًؾبنٛم انًشجؼخ ٚغبٔ٘ 

رشكٛض الإَٚبد قذ ٚزغٛش إلا إٌ ؽبطم ضشة رشاكٛض ْزِ الإَٚبد لا ٚزغٛش أ٘ قًّٛ صبثزخ يب 

 .داو انشاعت يٕعٕد ٔدسعخ انؾشاسح صبثزخ 

AaBb  aAb+  +   bBa- 

Ksp(AaBb) = [ A b+]a[ B a−]b   

     Therefore solubility product of sparingly soluble salt is the 

multiplication yield of molar concentration of the ions in the solution 
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to the power of number of ions in the chemical equilibrium equation 

for the saturated solution . 

      From the above equations one can see that the concentration of 

ions may be changed but multiply yield of these ions is unchanged 

(constant) if the precipitate of the salt is present and the temperature is 

constant . 

1- When  [A  ]a[B]b  ≥  ksp precipitation occur  ٚزكٌٕ انشاعت 

2- When  [A  ]a[B]b   <  ksp  precipitation not occur  لا ٚزكٌٕ انشاعت 

Factors affecting the solubility of precipitates 

انرواسب ذوباٍَت فً انًؤثرة انعوايم

 Solubility is important factor in gravimetric analysis which requires 

pure material. This means there is a need for washing the precipitate 

to remove impurities and obtain pure precipitate  . 

ػُذ انؾظٕل ػهٗ ساعت ٚغت أٌ ٚكٌٕ انشاعت َقٙ ٔنٓزا رجشص انؾبعخ إنٗ غغم انًُٕرط 

 .نهزخهض يٍ انشٕائت ٔانؾظٕل ػهٗ ساعت َقٙ 

1 - Nature of the precipitate: If the attraction between solvent 

molecules and solute ions is higher than that between solute ions in 

the crystal then the salt is soluble. 

 إرا كبٌ انزغبرة ثٍٛ إَٚبد انًزاة اكجش يُٓب ثٍٛ إَٚبد انًزاة ٔ: طجٛؼخ انشاعت 

 .عضٚئبد انًزٚت فأٌ انًزاة غٛش رائت 

2 - Nature of solvent: Two properties of the solvent affecting the 

solubility of the solute, these are polarity and dielectric value . Solvent 

of more polarity means more attraction between solute ions and 

solvent molecules. The attraction at crystal surface decreases with 

higher electric constant of the solvent. Water as  with high polarity 

and dielectric constant value is a good solvent for nearly all inorganic 
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ionic salts .Organic solvents such as chloroform, alcohols are good 

solvents for organic salts (non polar compounds) . 

إرا . ُْبك ػبيلاٌ يًٓبٌ يٍ خٕاص انًزٚت ًْٔب انقطجٛخ ٔصبثذ انؼضل : طجٛؼخ انًزٚت

كبَذ انقطجٛخ ػبنٛخ فبٌ انزغبرة ثٍٛ إَٚبد انًزاة ٔعضٚئبد انًزٚت ٔثبنزبنٙ أكضش رٔثبَٛخ 

 انًبء كًزٚت رٔ. ثضبثذ انؼضل فكهًب اصداد ٚقم انزغبرة ػُذ عطؼ انجهٕسح أيب فًٛب ٚزؼهق 

قطجٛخ ػبنٛخ ٔقًٛخ صبثذ ػضل ػبنٛخ يٍ أفضم انًزٚجبد نهًشكجبد الإَٔٚٛخ فٙ ؽٍٛ انًزٚجبد 

 .انؼضٕٚخ ْٙ الأفضم لإراثخ انًشكجبد انغٛش إَٔٚٛخ

3 - Temperature : Higher temperature means higher solubility ; in 

water this solubility process in endothermic. 

صٚبدرٓب رضٚذ يٍ انزٔثبَٛخ كًب أٌ ػًهٛخ الإراثخ فٙ انًبء ػًهٛخ يبطخ : دسعخ انؾشاسح 

نهؾشاسح 

AB + ؽشاسح  A
+
  + B

-
  

4 - Common ion effect: The ion that forms the precipitate is the 

common ion if the solvent contain these common ions. The solubility 

of the salts decreases compared with pure solvents. Other un common 

ions increases the solubility. 

إرا كبٌ ُْبك إٌٚ فٙ انًزٚت ْٕ َفظ اؽذ إَٚبد انًزاة ػُذْب : رأصٛش الإٌٚ انًشزشك 

ٚزغّ انزفبػم َؾٕ انٛغبس أ٘ رقم انزٔثبَٛخ يقبسَخ يغ يزٚت َقٙ لا ٚؾزٕ٘ ػهٗ الإٌٚ 

 .انًشزشك

5 - pH value :The concentration of hydrogen ion and hydroxide ions 

affect the acidity of the solution and hence the solubility of sparingly 

soluble solute. 

رؤصش ْزِ انقًٛخ فٙ رشكٛض إَٚبد انٓٛذسٔعٍٛ ٔ انٓٛذسٔكغٛذ  ٔ : قًٛخ انذانخ انؾبيضٛخ 

 .ؽبيضٛخ انًؾهٕل ٔثبنزبنٙ رٔثبَٛخ الأيلاػ انشؾٛؾخ انزٔثبٌ
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EXAMPLES AND APPLICATIONS OF SOLUBILITY PRODUCT

الاذابة حاصل وتطبيقات أمثلة 

    The type of questions about Ksp values are limited and all of 

them related to the sparingly soluble salts saturated solutions that 

are in contact with an excess of non dissolved salts. The typical 

problems are of three types: 

1. Calculation of Ksp value from the solubility of the salts. 

2. Calculation of the solubility of the salt from Ksp. 

3. Calculation of one ion concentration of the salt ions in 

saturated solution if the value of Ksp and the concentration 

of the other ion are known. 
ان طبيعة الأسئمة الخاصة بحاصل الإذابة للأملاح شحيحة الذوبان في حالة تماس مع 

 :اما المسائل ذات العلاقة فتتضمن. زيادة من الممح الغير مذاب
 .حساب حاصل الاذابة من ذوبانية الممح.1
.حساب ذوبانية الممح من معرفة حاصل الاذابة.2
حساب تركيز احد الايونات لمممح في محمول مشبع اذا كانت قيمة حاصل .3

.الاذابة وتركيز الايون الاخر معمومة
4.

a. Calculation of Ksp value from the solubility of the salts. 

 .حساب قيمة حاصل الاذابة من معرفة ذوبانية الممح
 

Ex.1. If the solubility of AgBr= 210
-5

 g/100ml at 20
o
C, calculate 

Ksp value? (M.Wt=187.8 g/mole) 

The solubility should be calculated in unit of mole/liter 

Concentration volume

2  10
-5

  100 ml 

   1000 ml   

Lg /102
100

1000102 4
5









Concentration mole/L= (solute weight (g)/L) / F. Wt 



2

Or: Concentration mole/L= (solute weight (g)/L) / M.Wt 

Lmole /10065.1
8.187

102 6
4









This means that 1.065  10
-6

 mole of AgBr is dissolved in 

one liter of solution (available as ions). Therefore each liter of the 

solution contains: 

[Ag
+
] = 1.065  10

-6
 mole/L 

[Br
-
] = 1.065  10

-6
 mole/L   2x10

-5
 

Or:   M = mole/L 

𝑀 =  
𝑊𝑡

𝑀.𝑊𝑡
 𝑥

1000

𝑉𝑚𝐿
       ⇒   𝑀  =  

187.8
 𝑥

1000

100

=1.065 x 10
-6

 mole/L  

Ksp can be calculated as follows: 

AgBr                              Ag
+
  +  Br

 -
 

Ksp = [Ag
+
][Br

-
] = 1.065  10

-6
 mole/L  1.065  10

-6
 mole/L 

= 1.134  10
-12

 

Ex. 2. If the solubility of BaF2 at 20
o
C is 0.161g/100ml in water 

calculate Ksp value.( M. Wt =175.36 g/mole) 

Concentration volume

0.161 100 ml 

  1000ml Lg /61.1
100

1000161.0





Concentration (mole/L0 = L/mole00919.0
36.175

61.1


BaF2                             Ba
2+

 + 2F
-
  

                                       X      2X  

[Ba
2+

] = 0.00919 mole/L   

[F
-
] = 0.00919  2 = 0.01838 mole/L 

Ksp = [Ba
2+

][F
-
]
2
 = 0.00919  (0.01838)

2
 = 3.09  10

-6
 

Since Ksp < [Ba
2+

][F
-
] then precipitation occur 
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b. Calculation of solubility of the salts from the Ksp 

value: :              حساب ذوبانية الممح من معرفة قيمة حاصل الاذابة

Ex. 1: If Ksp value of Agl is 8.3  10
-17

 at 20
o
C, calculate the 

solubility of Agl in mole/L and in gm/100 ml. 

Agl (S)                        Ag
+
  +  I

-

              

Ksp = [Ag
+
] [I

-
] 

As indicated by the equation 

[Agl] =  = [Ag
+
] = [I

-
] 

Ksp = [Ag
+
] [I

-
] = .=

2
 

8.3  10
-17

 = 
2
 

 = 9.11  10
-9

 mole/L 

9.11  10
-9

  234.8 (formula weight) = 2.14  10
-6

 g/L 

mlgm
Lg

100/1014.2
1000

100/1014.2 7
6







Ex.2: What is the solubility of Pb(OH)2 if Ksp value at 20
o
C is 

2.510
-6

 

Pb(OH)2                                  Pb
2+

  + 2OH
-
 

                                                 X          2 X 

Ksp = [Pb
2+

] [OH
-
]

2
 

 × يفرض ان الذائب ىو 
2.5 10

-16
 =  . (2)

2
 = 4

3
 


3
 = 

4

105.2 16
= 0.625  10

-16 

  = 
3 1610625.0 

 = 3.969  10
-5

 mole/L 

c. Calculation of one ion concentration of the salt ions in 

saturated solution on the bases of the concentration of 

the other ion: 
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:  اٌوٌ يٍ اٌوَاخ انًهح تًعرفح تركٍز الاٌوٌ الاخر تركٍزحساب

 
Ex. 1: Calculate the concentration of Ag

+
 ion in saturated solution 

of Ag2CrO4 (Ksp=3.4  10
-12

) if you know that the 

concentration of CrO4
2-

 ion is 210
-2

mole/L? 

Ag2CrO4                         2Ag
+
 + CrO4

2-

Ksp = [Ag
+
]

2
[CrO4

=
] 

3.4  10
-12

 = [Ag
+
]

2
  2  10

-2
 

[Ag
+
]

2
 = 

2

12

102

104.3







= 1.7  10

-10
 

[Ag+] = 
10107.1 

[Ag
+
] = 1.194  10

-5
 mole/L 

COMMON ION EFFECT

تأثٍر الاٌوٌ انًشترك 
The common ion is the ion which is present in the solution 

and is obtained from two compounds or more. This leads to 

decreasing the concentration of the other ion at equilibrium 

provided the temperature and pressure are constant. Therefore 

precipitates are more soluble in water than in solutions containing 

one of the ions of the precipitates. 

الايون المشترك ىو الايون الموجود في المحمول ويستحصل عميو من اكثر من مركب 
واحد ويؤدي وجوده الى التقميل من تركيز الايون الاخر عند الاتزان بشرط ثبوت درجة 

الحرارة والضغط وليذا فان الرواسب اكثر ذوبانية في الماء مقارنة بالمحاليل التي 
 .تحتوي الايون المشترك

NH4OH                                  NH4
+
 +    OH

-
 

NH4Cl                                   NH4
+
   +     Cl

-
 

                           Common ion  

AgNO3                               Ag
+
    +   NO3

-
 

AgCl                               Ag
+
    +   Cl

-
 

                     Common ion 

When the concentrations of silver and chloride ions in the 

solution is 1.010
-5

mole/L in water, then the addition of silver 

nitrate will increase silver ion concentration and in turn 
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concentration of chloride ion decreases since the reaction is 

directed to the left. By addition of a sufficient amount of silver 

nitrate AgNO3 the concentrations of silver ion and chloride ions 

will be 1.010
-4

 and 1.010
-6

 respectively and this will lead to the 

formation of AgCl according to Lechatlee principle. The common 

ion leads always to less solubility of the salt. 

110عُديا ٌكوٌ تركٍز اٌوًَ انفضح وانكهورٌد 
-5

 فً انًحهول فعُد اضافح كًٍح 

كافٍح يٍ َتراخ انفضح ٌتجه انتفاعم َحو انٍسار وٌتكوٌ راسة كهورٌد انفضح حسة 

حٍث . قاعدج نٍشاتهٍح وتكم الاحوال ٌؤدي الاٌوٌ انًشترك انى انتقهٍم يٍ ذوتاٍَح انًهح

1.010اٌ اضافح كًٍح وافٍح يٍ َتراخ انفضح تجعم تركٍز اٌوٌ انفضح وانكهورٌد 
-4

 

 ،1.010
-6

Agأي ٌزداد تركٍز .  عهى انتوانً
+

Cl وٌقم تركٍز 
-

 .

 

Ex: Calculate the solubility of CaF2 Ksp = 4.010
-11

 in  

1. Distilled water. 

2. Solution of 0.01 M CaCl2. 

3. Solution of 0.01 M NaF.         = molar concentration 

1.  

CaF2                             Ca
2+

  + 2F
-
 

              2

Ksp = [Ca
2+

] [F
-
]
2
  =  . (2)

2
 = 4

3
 


3
 = 

4

100.4 11
= 1.0  10

-11
 

 = 
3 11100.1 

 = 2.154  10
-4

 mole/L 

2.  

CaF2                           Ca
2+

  + 2F
-
 

CaCl2                         Ca
2+

   +2Cl
-
 (CaCl2 is completely ionized) 

                            Common ion 

[Ca
2+

] =    + 0.01 

[F
-
] = 2 

Ksp = [Ca
2+

][F
-
]
2
 = ( + 0.01)(2)

2
       x ≤ 0.01 تيمل 

4.0  10
-11

 = 0.01  4 
2
= 0.04

2
 


2
 = 

04.0

100.4 11
= 0.1  10

-10
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 = 3.16  10
-5

 mole/L 

3.  

CaF2                           Ca
2+

  +  2F
-
 

NaF                             Na
+
  +   F

-
    (NaF is completely ionized) 

          Common ion 

[Ca
2+

] =     

[F
-
] = 2 + 0.01 

Ksp = [Ca
2+

][F
-
]
2
  

4.0  10
-11

 = () . (2 + 0.01)
2
   since 2 is compared with 0.01 is 

negligible therefore it is 

ignore 

4.0  10
-11

 = () (0.01)
2
                     x ≤ 0.01 تيمل 

4.0  10
-11

 = 1.0  10
-4
 

 = 
4

11

100.1

100.4







=4.0  10

-7
 mol/L 
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IONIZATION EQUILIBRIUM

 الاتزان الايوني

It is the dynamic situation between ions released by weak 

electrolyte in their solutions with the electrolyte solution. 

التوازن او الاتزان الايوني ىو حالة ديناميكية بين الايونات التي يطمقيا الكتروليت ضعيف 
 في محاليميا مع المحمول الالكتروليتي

Materials in its aquase solution classified into two types:

Electrolytes   and  non Electrolytes 
 تقسم المواد في محاليميا المائية الى قسمين الكتروليتية وغير الكتروليتية

 
Electrolytes divided into:                                      :تقسم الالكتروليتات الى

A. Strong Electrolyte materials  المواد الالكتروليتية القوية                     
Materials that totally ionized in their aqueous solutions are 

called strong electrolytes. These electrolytes are good electricity 

conductors, high solubility, such as strong acids and bases. 

المواد الالكتروليتية القوية ىي المواد التي تتأين كمياً في محاليميا المالية وتكون ىذه المحاليل 
 .موصمة جيدة لمتيار الكيربائي ومن ىذه المواد الحوامض والقواعد القوية

HCl  H
+
 + Cl

-
 

NaOH  Na
+
 + OH

-
 

Ca(OH)2  Ca
2+

 + 2OH
-
 

NaCl  Na
+
 + Cl

-
 

B. Weak electrolyte  materials    المواد الالكتروليتية الضعيفة 
Materials that partially ionized in their aqueous solutions, 

reaching ionic equilibrium called weak electrolytes. These electrolytes 

are weak electricity conductors such as weak acids and bases. 

تدعى المواد التي تكون ذائبة جزئياً في المحاليل المائية بحيث تصل الى حالة التوازن 
الايوني والتي تكون محاليميا المائية ضعيفة التوصيل الكيربائي بالمواد الالكتروليتية 

          .الضعيفة مثل الحوامض والقواعد الضعيفة



2

                                                  H2O 

HCN                               H
+
 + CN

-

CH3COOH                               CH3COO
-
 + H

+
 

NH4OH                                NH4
+
 + OH

-
 

NON ELECTROLYTE MATERIALS 

 المواد اللاالكتروليتية
These are the materials that do not release any ions in their 

aqueous solutions such as ethanol. 

المواد اللاالكتروليتية ىي المواد التي لاتطمق أي ايون في محاليميا المائية مثل الايثانول او 
 .سكر الكمكوز

H2O

C2H5OH     C2H5OH 

Glucose     Glucose 

ACIDS AND BASES

 الحوامض والقواعد
1.Arrhenius concept 

Acid is a material that ionized in water to give hydrogen ion 

base is a material that ionized in water to give hydroxide ion. 

وفقاً لمبدأ ارىينيوس فان الحامض ىو المادة التي تتأين في الماء لتعطي ايون الييدروجين 
 .في حين ان القاعدة ىي المادة التي تتأين في الماء لتعطي ايون الييدروكسيد

HCl  H
+
  + Cl

-
  ,  NaOH  Na

+
  + OH

-
 

2.Bronsted and Lowry concept 

Acid is any substance that is capable of donating proton base is 

any substance can accept a proten. 

حسب مبدأ برونشتد فان الحامض ىو اية مادة بامكانيا منح بروتون والقاعدة ىي اية مادة 
 .قادرة عمى اكتساب البروتون

Acid                                base + proton 

CH3COOH + H2O                         CH3COO
-
 + H3O

+
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Acid-1     base-2                            base-1    acid-2 

The proton donating character of an acid manifests it self only in the 

presence of a proton acceptor. 

HNO3 + H2O                         No3
-
 + H3O

+

Acid-1     base-2                     base-1    acid-2 

                                               Conjugate  Conjugate 

                                            Base        Acid 

NH3 + H2O                         NH4
+
 + OH

-

base -1     acid -2                     acid-1    base-1 

                                                  Conjugate  Conjugate 

                                                Acid        Base 

water is amphprotic solvent because it exhibits both acidic and basic 

properties. 

 يعتبر الماء مذيب امفوتيري لكونو يمتمك الخواص الحامضية والقاعدية
After an acid has donate a proton the species that remains is capable 

of accepting proton to reform the original acid then every acid is 

paired with its corresponding base which is called as conjugate base. 

بعد ان يفقد الحامض البروتون يتحول الى صنف قادر عمى اكتساب البروتون ليعيد تكوين 
 .الحامض ويدعى ىذا الصنف بالقاعدة القرينة

3.Lewis Concept 

Acid is any material capable of accepting pair of electrons such as 

AlCl3 , BF3 base is any substance can donate pair of electrons such as   

F
-
 ,  NH3. 

الحامض حسب مبدأ لويس ىو أية مادة ليا القابمية عمى تقبل زوج الكتروني والقاعدة اية 
 .مادة قادرة عمى منح زوج الكتروني

BF3 + :NH3  F3B :NH3 

ION PRODUCT CONSTANT OF WATER 

 ثابت الحاصل الايوني لمماء
    Aqueous solutions contain small amount of hydronium ion H3O

+

and hydroxide ion OH
-
 

2H2O                            H3O
+
  + OH

-
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Water dissociates to H
+
 and OH

-
 ions in aqueous solutions which are 

strongly contacted to water molecules. Applying mass product law 

gives the following equation. 

ينفكك الماء الى ايوني الييدروجين والييدروكسيد المذان يكونا في حالة تماس مع جزيئات 
 الماء وبتطبيق قانون فعل الكتمة نحصل عمى

            [H3O
+
] [OH

-
]                      

K=

               [H2O]
 2
 

The concentration of water is enormous (each one liter of water equal 

to 55.5 M) when compared with the concentration of hydrogen and 

hydroxide ions. As consequence water concentration can be 

considered as a constant. 

ان تركيز الماء كبير جداً مقارنة بتراكيز ايونات الييدروجين والييدروكسيد المتواجدة في 
 .النظام المتوازن وليذا يمكن اعتبارىا قيمة ثابتة

K [H2O]
2
 = Kw  

Kw = [H3O
+
] [OH

-
]  or  Kw =[H

+
][OH

-
] 

H2O                            H
+
  + OH

-

Kw = [H
+
] . [OH

-
]                     

Kw = 1.0  10
-14

 mole/L 

[H
+
] . [OH

-
] = K [H2O] = Kw (ion product constant of water) by using 

water concentration as one, Kw approximation value is: 

1.01  10
-14

 or 1.0  10
-14

 at 25
o
C. Kw increasing with the increase in 

temperature (at 50
o
C = 5.47  10

-14
 and at 100

o
C = 4910

-14
). 

 .قيمة ثابت الحاصل الايوني لمماء تزداد مع زيادة درجة الحرارة
 

Kw = ion product constant of water = [H
+
][OH

-
] = 1.010

-14
 mole

2
/L

2

in case of pure water. 

[H
+
] = [OH

-
] 

[H
+
] = [OH

-
] = 10

-7
 mole/L =M 

By taking the logarithm of this equation 
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Kw= [H
+
] [OH

-
] 

-log Kw= -log [H
+
] [OH

-
] 

-log Kw= -log [H
+
] –log  [OH

-
] 

pKw = pH + pOH = 14 

if pH < 7 then the solution acidic. 

if pH > 7 then the solution is basic. 

If pH = 7 then the solution is equilibrium. 

 فان لمحمول ذو صفة حامضية واذا كانت 7 اقل من pHاذا كانت قيمة الدالة الحامضية 
 فأن 7 فان المحمول ذو صفة قاعدية واذا كانت قيمة الدالة الحامضية تساوي 7اكبر من 

 .المحمول متعادل

Ex2: Calculate the pH and pOH values of a solution in which the

hydronium ion concentration is 2.0  10
-3

 M. 

[H
+
] = [H3O

+
] = 2.0  10

-3
 mole/L

pH = -log [H] = -log [2.0  10
-3

] 

= 2.699 

pOH= 14- pH = 14 – 2.699 = 11.301 

EQUILIBRIUM CONSTANTS For Pair ACIDS AND BASES

 ثابت الاتزان لزوج الحامض القاعدة

Calculation of hydronium and hydroxide ions for strong, acids and 

bases and weak acids bases.   

 .تراكيز ايون الييدروجين والييدروكسيد لمحوامض والقواعد القوية والضعيفةحساب 
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1-Strong acids: :                                                   القويةض الحوام -1 

The strong Acids will completely ionize in its aqueous solution, and 

shown by one arrow. 

.الحوامض القوية تتأين كميآ في محاليميا المائية وتمثل بسيم واحد في معادلة التفاعل

HCl  H
+
  + Cl

-

[H
+
] = [HCl] 

Ex. Calculate [H
+
] and pH of 0.01 M HCl solution 

                              HCl  H
+
  +   Cl

-

before ionization  0.01       0         0

after ionization       0       0.01     0.01 

[H
+
] = 0.01 M 

pH = -log [H
+
] = -log 0.01 = 2 

Ex: Calculate pH and pOH for 0.15 M H2SO4 

                            H2SO4                    2H
+  

   +     SO4
-

before ionization  0.01                        0                0 

after ionization       0                       2 x 0.15       0.15 

[H
+
] = 2 x 0.15 = 0.3 M 

pH = -log [H
+
] = -log 0.3 = 0.523 

Kw = pH+pOH =14 

pOH = 14-0.523 = 13.477 

2- Week acids: :                                                الضعيفةض الحوام -2 

The Weak Acids will incompletely ionize (partial ionization) in 

its aqueous solution, and shown by two reverse arrows. So Ionic 

equilibrium in is occurring.  

الحوامض الضعيفة تتأين جزئيآ في محاليميا المائية وتمثل بسيمين متعاكسين في معادلة 
.وتحدث فييا حالة الاتزان الايوني, التفاعل
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CH3COOH + H2O                           H3O
+
 + CH3COO

-
 

Ka = 
OaH.COOHaCH

COOaCH.OaH

23

33



a = c.f   for dilute solutions   f = 1, then 

Ka = 
]OH].[COOHCH[

]COOCH].[OH[

23

33



Ka = 
]COOHCH[

]COOCH].[OH[

3

33



, since [H2O] =Constant 

ان القيمة 

Ka is a raction between the ionized part of the acid and unionized part 

of the acid Ka is a constant provided temperature and pressure is 

constant and called acid ionization or dissociation constant. 

Ka ىي النسبة بين الجزء الذائب الى الجزء الغير ذائب من الحامض وتدعى 
 .بثابت تأين او تفكك الحامض وىي قيمة ثابتة بشرط ثبوت درجة الحرارة والضغط

             Kw 

Kb =                     for Conjugate Base  
              Ka      

CH3COOH                             CH3COO
-
   + H

+ 

    Acid                              Conjugate Base    

Ex. Calculate [H
+
] of 0.1 M CH3COOH at 25

 o
C ( Ka = 1.810

-5
) 

CH3COOH                         CH3COO
-
  + H

+ 

Ka = 
][

]][.[

3

3

COOHCH

HCOOCH 
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                            CH3COOH                             CH3COO
-
  + H

+ 

Before ionization     0.1                                             0             0 

After ionization      0.1 -                                                         

Ka = 1.8  10
-5

 = 




1.0

.

1.8  10
-5

 = 
1.0

2
               is small value and hence it is neglected 


2
 = 1.8  10

-6
               = 

2 6108.1 

 = 1.342  10
-3

 mole/L 

CALCULATION OF HYDROXID ION CONCENTRATION

1. Strong bases    القواعد الضعيفة                                               : -1 

    The strong Bases will completely ionize in its aqueous solution. and 

shown by one arrow. 

 .القواعد القوية تتأين كميآ في محاليميا المائية وتمثل بسيم واحد في معادلة التفاعل

NaOH  Na
+
 + OH

-

Ca(OH)2  Ca
2+

  + 2OH
-
 

Ex 1: Calculate the hydronium and hydroxide ion concentrations in 

0.2M aqueous NaOH solution? 

NaOH                Na
+
 + OH

-
 

o.2                       0         0 

0                        0.2     0.2 

[OH
-
] = 0.2 M 

[H
+
] = 

14
-14

1000.5
2.0

1000.1

]OH[

Kw 





 mole/L 

Q: Calculate pOH and pH for 0.15 M Ca(OH)2  

2. Week bases: :                                                   الضعيفةد القواع -2 
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The Weak Bases will incompletely ionize (partial ionization) in its 

aqueous solution, and shown by two arrows. So Ionic equilibrium in is 

occurring. 

الضعيفة تتأين جزئيآ في محاليميا المائية وتمثل بسيمين متعاكسين في معادلة القواعد 
 .وتحدث فييا حالة الاتزان الايوني, التفاعل

NH3 + H2O                           NH4OH                            NH
4+

 + OH
-
 

Kb = 
][

]][[

4

4

OHNH

OHNH 

POH = -log [OH] 

Kb is base ionization constant 

             Kw 

Ka =                      for Conjugate Acid    

              Kb 

  NH4OH                          NH4
+
    +   OH

-
 

    Base                   Conjugate Acid    

Ex: Calculate [OH
-
], pH and pOH of 0.1M ammonia solution

 
at 25

 o
C 

if Kb =1.8  10
-5

. 

NH4OH                         NH4
+
  + OH

- 

Kb = 
][

]][[

4

4

OHNH

OHNH 

NH4OH                         NH4
+
  + OH

-

Before ionization  0.1M                             zero       zero 
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After ionization   0.1-                                             

Kb = 




1.0

.
= 1.8 10

-5
                 is ignored 

1.810
-5

 = 
1.0

2

 = [OH
-
] = 1.342  10

-3
 

pOH = -log[OH
-
] = -log 1.342 10

-3
 = 2.872 

pH = 14- pOH = 14 – 2.872 = 11.128 

Ex: Calculate the pH and pOH value of 1.010
-3

M acetic acid at 25 
o
C 

if Ka=1.810
-5

 ? 

CH3COOH                         CH3COO
-
  + H

+ 

Ka = 
][

]][.[

3

3

COOHCH

HCOOCH 

CH3COOH                             CH3COO
-
  + H

+

Before ionization  0.001                                  zero             zero 

After ionization     0.001-                                                  

1.810
-5

 = 




001.0

.
            ,  is ignored 

1.8 10
-5

 = 
001.0

2
         

2
= 1.810

-5
  0.001= 1.8 10

-8
 

 = 2.621  10
-3

 

pH = -log [H] = -log 2.621  10
-4

 

= -log 2.621xlog 10
-4

 =2.582 

pOH = 14 – pH 

= 14 - 2.582 = 11. 418 

Concentration تركيز 
Ionization تأين 
Dynamic حركي 
Electrolyte الكتروليت 
Released اطلاق 
Classified تصنف 

College of Ibn Al-Haitham           (Analytical Chemistry)     Department of Chemistry                          

                         Lecture 5                          



11

Aqueous مائي 
Electricity conductor   ًموصل ككربائياا
Partially ionized   ًمتأين  زئياا
solution محمول 
Common مشترك 
Concept مبدأ 
Character خاصية 
Donate تكب 
Accept تقبل 
Reform يعيد تكوين 
Conjugate قرين 
Pair زوج 
Dissociate يتفكك 
Associate يترابط 
Invariant  غير متغير 
Enormous كبير الح م 
Approximation تقريبي 
Ratio نسبة 
Ignored يكمل 
Part زء  
relation العلاقة 
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