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Chemistry: Is a science concerned with the study of matter, including its 
composition, structure, physical properties, reactivity, changes occur to it 
and emitted or absorbed energies accompany these changes. 
 ΙΪي تحΘل΍ Ε΍ήغيΘل΍ϭ Ω΍ϮϤل΍ ΕΎنϮϜمϭ كيبήتϭ ι΍Ϯخ Δس΍έΪب ϰϨيع ϱάل΍ مϠلع΍ Ϯء : هΎيϤيϜل΍

.ήغييΘل΍ ΍άحب هΎμي تΘل΍ ΔμΘϤϤل΍ ϭ΍ ΔΜعΒϨϤل΍ ΔقΎلط΍ϭ ΎϬل 

There are many approaches to studying chemistry, but, according to 
the type of materials and the purpose of their studies, we traditionally 
divide it into five fields: organic, inorganic, physical, biochemical, and 
analytical. Other branches are theoretical chemistry, quantum chemistry, 
nuclear chemistry etc. 

 

 

Analytical Chemistry:                                             :ΔيϠيϠحΘل΍ ءΎيϤيϜل΍ 
 Is a measurement science deals with the study on the identification of 

materials composition and the determination of the amount of each 
component presented by an expression of concentration directly or 
indirectly (after separation). 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.  
 ήشΎΒم ΏϮϠسΎب ΕΎنϮϜϤل΍ ϩάه ΔيϤك ήيΪتقϭ Ω΍ϮϤل΍ ΕΎنϮϜم ΔيϮه ΪيΪن تحϤπΘت ΔيϠيϠحΘل΍ ءΎيϤيϜل΍
 ΔيعيΒلط΍ ήه΍Ϯلظ΍ مϬل في فπϔل΍ ΔيϠيϠحΘل΍ ءΎيϤيϜϠل .)ΕΎنϮϜϤل΍ لμف Ϊبع ϱ΍( ήشΎΒم ήغيϭأ

ΕΎمϮϠعϤل΍ ήفيϮت ϝمن خلا ϯήلاخ΍ ϡϮϠلع΍ϭ ءΎيϤيϜل΍ مϠع ήيϮتطϭ  ضعϮت بϤهΎي سΘل΍ ΔيϤϜل΍
 ΍لق΍Ϯنين. 

Analytical chemistry includes three types of analysis; qualitative, 
quantitative and instrumental analysis. 
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1- Qualitative Analysis:                                    :)يϔصϮل΍( عيϮϨل΍ يلϠحΘل΍ 
It is process of many steps that through which elements, material, 

compounds, 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. 

يϜϤن من خلالΎϬ تحΪيΪ هϮي΍ ΔلΓΩΎϤ أϭمϮϜنΎتΎϬ عϠϤيΔ تϥϮϜΘ من عΓΪ خطΕ΍Ϯ ه΍ϮلΘحϠيل ΍لϮϨعي: 
 ΔيίΎلغ΍ ϭأ ΔϠئΎلس΍ ϭأ ΔΒϠμل΍ ΔلΎلح΍  نت فيΎء أك΍Ϯس Ω΍ϮϤل΍ يجΰم ϭأ ΕΎΒكήϤل΍ ϭأ ήصΎϨلع΍ من

  ϭه΍ ϩάلعϠϤيΔ هي ΍لΨط΍ ΓϮلأϭلϰ في ΍لΘحϠيل ΍لϜيϤيΎئي.
2- Quantitative Analysis:                                                     :يϤϜل΍ يلϠحΘل΍ 

It is a process deals with the determination of the amount (how much) 
of the elements or other components that form the analyzed material 
(compound or mixture). Quantitative analysis cannot be preceded without 
processing qualitative analysis.  

 ΔϠخ΍Ϊل΍ ήصΎϨلع΍ ϭأ ΕΎنϮϜϤل΍ ΰكيήتϭ ΔيϤك ήيΪحث في تقΒي: يϤϜل΍ يلϠحΘل΍ كبήϤل΍ كيبήفي ت
.ΎًعيϮن ΎϬϠيϠم تحΘلم ي Ύم ΎًيϤك ΍ήًيΪتق ΓΩΎϤل΍ ήيΪن تقϜϤلا يϭ يطϠΨل΍ ϭئي أΎيϤيϜل΍ 

Quantitative analysis can be divided into two methods of analysis; 
gravimetric and volumetric analysis.  
A- Gravimetric Analysis:                                                       :نيίϮل΍ يلϠحΘل΍ 

Gravimetric analysis includes the processes that enable us to determine 
the weight of the analyte or some compound chemically related to it either 
in direct or indirect methods. 

➢ Direct method done by measuring the weights of the analytical 
process products, which should be of definite and defined 
composition or structure. 

➢ Indirect method done by following the weight losses of the materials 
or their components. 

 ϥίϭ αΎقي ΎϬم فيΘي يΘل΍ ΕΎيϠϤلع΍ مπني يίϮل΍ يلϠحΘل΍ ΎϬتΎنϮϜبعض م ϭيل أϠحΘل΍ Ϊقي ΓΩΎϤل΍
 αΎقي ϝمن خلا ΓήشΎΒم ήغي ΓέϮμب ϭ΍،يلϠحΘل΍ ΕΎيϠϤتج ع΍Ϯن ϥίϭ يقήρ عن ΓήشΎΒم ΓέϮμب

.ΎϬتΎنϮϜم ϭأ Ω΍ϮϤل΍ ϥίϭ في ϥ΍Ϊقϔل΍ 
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B- Volumetric Analysis:                                                   :يϤلحج΍ يلϠحΘل΍ 
Direct and indirect methods are used in this process to determine the 

weights of the materials or their components and include the following: 
 ΎϬتΎنϮϜبعض م ϭأ Ω΍ϮϤل΍ ϥ΍ίϭعيين أΘل ΓήشΎΒم ήغيϭ ΓήشΎΒم ϕήρ نϤπΘي يϤلحج΍ يلϠحΘل΍

 ϭتϤθل ه΍ ϩάلطϕή مΎ يϠي:

❖ Titration methods:                 :                                 سحيحΘل΍ ئق΍ήρ 

  In these methods the volume of solution of defined concentration, 
which is required to complete the reaction with the materials or their 
components, is measured. From this volume 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) since they show sudden and sharp change in 
physiochemical properties such as turbidity or color at the end point. 
في ΍ήρئق ΍لΘسحيح يΘم حسΏΎ حجم ΍لϤح΍ ϭΫ ϝϮϠلήΘكي΍ ΰلϤع΍ϭ ϡϮϠللاϡί لاك΍ ϝΎϤلΎϔΘعل مع 
 Δسط΍Ϯفؤ بΎϜΘل΍ Δنقط ϰϤتس ΔϨمعي Δنقط ΪϨعل عΎϔΘل΍ ءΎϬΘن΍ ϰϠع ϝلاΪΘلاس΍ مΘيϭ ΎϬتΎنϮϜم ϭ΍ Ω΍ϮϤل΍

ϠحϤل΍ ι΍Ϯفي خ ΍ΩًΎح ΍ήًتعطي تغي Ω΍Ϯهي مϭ )لينΎΜفϮϨيϔل΍ ΔغΒل صΜلائل )مΪل΍ ϡ΍ΪΨΘس΍ ϥϮϠلΎك ϝϮ
 ϱάل΍ ήيϜعΘل΍ ϭنأ ΪϬلج΍ ϕήف αΎكقي ΔئيΎيΰيϔل΍ ΔئيΎيϤيϜل΍ ϕήلطΎب αΎتق ϭأ ΓΩήجϤل΍ لعينΎب ΎϤϬحظϠ

 أ΍ ϭلϮΘصيل ΍لήϬϜبΎئي.

 

❖ Gas Analysis:                                                     :          ϱίΎلغ΍ يلϠحΘل΍ 
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.  

΍ίΎلغ΍ ΔيϤك Δيقήلط΍ ϩάϬب αΎتق ΔتجΎϨل΍ Ε΍ίΎلغ΍ ϭأ ΔϜϠϬΘسϤل΍ Εمع م Δس΍έΪل΍ Ϊقي ΓΩΎϤل΍ علΎϔن ت
 ϯήأخ Ω΍Ϯم.ϩήيΪن تقϜϤي ً΍ίΎبحيث تعطي غ 
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3- Instrumental Analysis (Physiochemical methods of analysis):               
 ΍لΘحϠيل ΍لآلي: 

Instrumental analysis is a field of analytical chemistry that investigates 
materials or their components using scientific instruments through the 
measurement of certain analyte properties such as conductivity, turbidity, 
electrode potential, light absorption or emission, refractive index, mass-
to-charge ratio, etc. These measurements depend on and relate to the 
concentration of the material or its components directly or indirectly. 
تϤπΘن ΍ ϕήρلΘحϠيل ΍لآلي ΍س΍ ϡ΍ΪΨΘلأجΓΰϬ لقي΍ αΎلΓΩΎϤ أϭ مϮϜنΎتΎϬ عن ήρيق قيαΎ بعض 

Ύئي΍ ،Δلع΍ ،ΓέϮϜلقيΎس΍ ΕΎلجΪϬيΔ، من خ΍Ϯص΍ ΎϬلϔيΰيΎئيΔ أ΍ ϭلϜيϤيΎئيΔ مΜل ΍لϮΘصي΍ ΔϠلήϬϜب
 ϥϮϜت ϥ΍ ρήθب ήشΎΒم ήغي ϭ΍ ήشΎΒل مϜθلخ ب΍.....έΎسϜلان΍ ملΎمع ،Δلاشع΍ ΙΎعΒن΍ ϭأ ιΎμΘم΍

.ΰكيήΘل΍ مع ΔيΒسΎϨت Δعلاق Ε΍Ϋ ΕΎسΎلقي΍ 

 

Steps of Chemical Analysis:                           :ئيΎيϤيϜل΍ يلϠحΘل΍ Ε΍Ϯخط 

A typical quantitative analysis includes a sequence of many steps; a 
modification in these steps depend on nature, size, and complicity of the 
sample, the accuracy required and availability of reagents, chemicals, 
equipment and apparatus. 
Step 1: Choosing a Method:                                                 :Δيقήلط΍ έΎيΘخ΍ 

The essential first step in any quantitative analysis is the selection of a 
method that should be suitable to the nature of the sample, number   of   
samples   and   accuracy   required.  The selected method is usually 
represents a compromise between the accuracy required and the time and 
money available for the analysis. In addition, some   samples   like 
archaeological or forensic samples need a nondestructive method to keep 
the samples without destruction. 
 ϰϠع ΪϤΘي تعΘل΍ϭ ΔΒسΎϨϤل΍ ΔيϠيϠحΘل΍ Δيقήلط΍ έΎيΘخ΍ ئي هيΎيϤيل كيϠتح ϱ΍ في Δئيسيήل΍ ΓϮطΨل΍
 ΔصΎخ Δتلافي΍ ήغي Δيقήρ ΎϬنϮك Ύπي΍ϭ αΎلقي΍ في ΓΎخϮΘϤل΍ ΔقΪل΍ϭ ΝΫΎϤϨل΍ ΩΪعϭ ΝΫϮϤϨل΍ ΔيعΒρ

 ظΔ عϠيΎϬ كΎϤ هي.لΒعض ΍ل΍ ΝΫΎϤϨلآثέΎي΍ϭ Δلجήمي΍ϭ ΔلΘي تΘطϠب ΍لϤحΎف
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Step 2: Sampling:                                                   :  ΝΫΎϤϨل΍ϭأ ΕΎϨلعي΍ έΎيΘخ΍  

Sampling is the process of collecting a small mass of a material whose 
composition accurately represents the bulk of the material being sampled 
and it is a very important criterion. This fraction of the material, with 
which we plans to work, it is truly representative the whole of sample. 
When the bulk is large and heterogeneous, great effort is required to get a 
representative sample.  
 ΓϮخط ήΒΘتعϭ ،ΔقΪبϭ ΔسΎقϤل΍ ΓΩΎϤل΍ ل كلΜϤت ΓΩΎمن م Γήصغي ΔϠΘع كϤج ΔيϠϤع Ϯه ΕΎϨلعي΍ έΎيΘأخ

 ϥϮϜت ΎمΪϨع .ً΍Ϊم جϬم έΎمعيϭ Δجήح ϝάب ΏϮϠطϤلΎف ،ΔنسΎجΘم ήغيϭ ΓήيΒك ΎϬϠيϠتح Ω΍ήϤل΍ ΓΩΎϤل΍
.ΕΎϨلعي΍ من ήيΒك ΩΪيع عϤتجϭ έΎيΘخ΍ ϝمن خلا ΔيϠيΜϤت ΔϨعي ϰϠع ϝϮμحϠل ήيΒك ΪϬج 

 

Step 3: Preparing a Laboratory Sample:                  : Ϥل΍ ΝΫϮϤϨل΍ ήيπتحϱήΒΘΨ  

A solid laboratory sample must process in one of several different 
ways to be ready for the analysis: 
1. Grinding and crashing to decrease particle size of the sample granules. 
2. Mixing well to produce a homogenized sample. 
3. Turning the sample into a phase or formula could be attacked by 
reagent. 
4. Care should be taken to avoid the interferences or any other factors 
affecting the estimation such as contamination. 

معΎم΍ ΔϠل΍ ΝΫϮϤϨلϱήΒΘΨϤ بΎح΍ ϯΪلط΍ ϕήلΔϔϠΘΨϤ ليϥϮϜ جΎهΰ لعϠϤي΍ ΔلΘحϠيل ΍ϭلقيϭ αΎيΘم يجب 
 ϰϠع ϝϮμحϠل Ϊلجي΍ طϠΨل΍ من ثمϭ ،ΝΫϮϤϨل΍ ΕΎΒيΒي لحΌيΰلج΍ لحجم΍ يلϠقΘلطحن ل΍ϭ لسحقΎلك بΫ
عيΔϨ مΘجΎنس΍ .ΔيΎπ تحϮيل ΍ل΍ ΝΫϮϤϨلϭ΍ έϮρ ϰ هيΔΌ ي΍ ΎϬϨϜϤلΎϔΘعل مع ΍لΎϜشف. ΍ϭخي΍ή يجب 
 ϰϠع ήتؤث ϯήخ΍ مل΍Ϯع ϱ΍ ϭ΍ ΓΩΎϤϠل ϯήلاخ΍ ΕΎنϮϜϤل΍ ΎϬΒΒي تسΘل΍ Εخلا΍ΪΘل΍ من έάلح΍ خيϮت

.ΝΫϮϤϨل΍ ΙϮϠΘك αΎلقي΍ ΔيϠϤع 
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Step 4: Procurement of Measured Quantity of the Sample: αΎقي ΝΫϮϤϨل΍ من ΔيϤك :   

If  the  sample  is  solid , certain  weight  of  the  dried  homogenized sample 
is taken using calibrated balance while if it is liquid certain volume is taken. 

 يΘم ϥίϭ جΰء من ΍ل΍Ϋ΍ ΝΫϮϤϨ كϥΎ صϠب ϭ΍ يؤخά حجم معين من ΍ل΍ ΝΫϮϤϨلسΎئل لاغ΍ ν΍ήلΘحϠيل.     

Step 5: Dissolution of the Measured Sample:               :النموذج المقاس Δاذاب 
Most analyses are performed on solutions of the sample made with a 

suitable solvent. Ideally, the solvent should dissolve the entire sample, 
including the analyte, rapidly and completely and 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 which do not dissolve in common solvents. 
 ΎمΎϤت ΝΫϮϤϨل΍ Δب΍Ϋ΍ ϰϠل عϤسب يعΎϨيب مάفي م Δب΍άϤل΍ ΝΫΎϤϨل΍ ليلΎحϤل ϯΩليل تؤΎحΘل΍ معظم

 ήيμقت قϮبϭ Ω΍ϮϤل΍ عظمϤلي لΎΜϤل΍ يبάϤل΍ ءΎϤل΍ ήΒΘيع .ΎϬسΎقي Ω΍ήϤل΍ ΓΩΎϤل΍ خل مع΍ΪΘي ϥ΍ ϥϭΪبϭ
΍للاعϮπيϭ Δبعض ΍ل΍ Ω΍ϮϤلعϮπي΍ ΔمΎ بقي΍ Δل΍ Ω΍ϮϤلعϮπيΔ فΘح΍ ΝΎΘلϰ مάيΕΎΒ عϮπيΔ مΜل 

.ϡέϮفϭέϮϠϜل΍ϭ ϥϮبέΎϜل΍ ΪيέϮϠبع ك΍έ ،ΕلاϮحϜل΍ 

Step 6: Separation of the Interfering Substances:        :ΔϠفصل المواد المتداخ 
To measure the sample freely from interferences by other components، 

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

Ϯجϭ بΒخل بس΍Ϊت ϱ΍ ϥϭΪب ΝΫϮϤϨل΍ αΎئي لقيΎيϤيϜل΍ لμϔل΍ ϡ΍ΪΨΘس΍ مΘي ،ϯήلاخ΍ ΕΎنϮϜϤل΍ Ω
 .αΎلقي΍ ءΎϨث΍ خل΍ΪΘل΍ ΙϭΪب حϨجΘل ΔϜسΎϤل΍ Ω΍ϮϤل΍ لكάكϭ 

Step 7: Completion of the Analysis:                                       :يلϠالتح ϡاتما 
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. 

 ϭ΍ ΓΩΎϤل΍ αΎبقي ΓϮطΨل΍ ϩάم هΘϬسيب، تήΘل΍ لΜم ΔΒسΎϨم ΔϠسيϭ ϡ΍ΪΨΘسΎب Δس΍έΪل΍ Ϊقي ϥϮϜϤل΍
 تϮϜين ΍ل΍ ،ϥϮϠلΘسحيح .....΍لخ.
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Step 8: Calculations and Data Analysis:                    :يل النتائجϠوتح Εالحسابا 
From the numeric results obtained by measurements, the final result is 

calculated using the weight or the volume of the analyzed sample. The 
final results may be evaluated by statistical analysis. 
 ΎϤك، αΎقϤل΍ ΝΫϮϤϨل΍ حجم ϭ΍ ϥίϭ ϡ΍ΪΨΘسΎبϭ ΕΎسΎلقي΍ ئجΎΘن ϝمن خلا ΰكيήΘل΍ ΏΎم حسΘي

.ΎئيΎμح΍ ΔئيΎϬϨل΍ ئجΎΘϨل΍ تقييم Ύπي΍ نϜϤي 
 

Calculation of Equivalent weight:                  :فئΎϜϤل΍ ϥίϮل΍ ΏΎحس 

1- Acids:                                                                                       :الحوامض 

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

 +) 
    

 
ϥίϮل΍ يΌيΰلج΍  

  (H
 +) ΩΪع ΔϨأيΘϤل΍ جينϭέΪيϬل΍ Ε΍έΫ

 ΍ل΍ ϥίϮلΎϜϤفئ لϠحΎمض = 

Ex. Calculate the equivalent weight for hydrochloric and sulfuric acid 
(Atomic weight: Cl= 35.5, H=1, O=16, S= 32). 
For HCl: 

eq.wt = 
Mwt 

no. of ionized hydrogen atoms (H
  +)

  
          = 

ሺͳ+͵ͷ.ͷሻ 𝑔/௠𝑜௟𝑒ͳ  = 36.5 𝑔/𝑒𝑞 

For H2SO4: 

eq.wt = 
[ሺʹXͳሻ+ሺͳX͵ʹሻ+ሺͶXͳ͸ሻ] 𝑔/௠𝑜௟𝑒ʹ  = 49 𝑔/𝑒𝑞 

 

 

 

 

 

2- Bases:                                                                                     :القواعد 
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eq.wt (base) = 
Mwt 

no. of ionized hydroxide groups (OH-)  
  

 
ϥίϮل΍ يΌيΰلج΍  

 (OH-) ΩΪميع عΎمج ΪكسيϭέΪيϬل΍ ΔϨأيΘϤل΍
 = ΓΪعΎقϠفئ لΎϜϤل΍ ϥίϮل΍ 

Ex. Calculate the equivalent weight for sodium hydroxide and aluminum 
hydroxide (Atomic weight: H=1, O=16, Na= 23, Al= 27). 
For NaOH: 

eq.wt = 
Mwt 

no. of ionized hydroxide groups (OH-)
 

          = 
ሺʹ͵+ͳ+ͳ͸ሻ 𝑔/௠𝑜௟𝑒

1
 = 40 𝑔/𝑒𝑞 

For Al (OH)3: 

eq.wt = 
[ʹ͹+ሺ͵Xͳሻ+ሺ͵Xͳ͸ሻ] 𝑔/௠𝑜௟𝑒͵  = 26 𝑔/𝑒𝑞 

 

3- Salts:                                                                               :الاملاح            

eq.wt (salt) = 
Mwt 

no. of cations x oxidation number of cations
   

 
ϥίϮل΍ يΌيΰلج΍

 ϩΪتأكس ΩΪعxΰϠϔل΍ Ε΍έΫ ΩΪع
 ΍ل΍ ϥίϮلΎϜϤفئ لϠϤϠح = 

Ex. Calculate the equivalent weight for calcium chloride and ferric sulfate 
(Atomic weight: Ca=40, Cl=35.5, S= 32, Fe= 56, H=1, O=16). 
For CaCl2: 

eq.wt = 
Mwt 

no. of cations x oxidation number of cations
 

          = 
ሺͶͲ+ሺʹX͵ͷ.ͷሻ 𝑔/௠𝑜௟𝑒

2 x 1
 = 55.5 𝑔/𝑒𝑞 

For Fe2 (SO4)3: 

eq.wt = 
[ሺʹXͷ͸ሻ+ሺ͵X͵ʹሻ+ሺͳʹXͳ͸ሻ] 𝑔/௠𝑜௟𝑒͵ X ʹ  = 66.667 𝑔/𝑒𝑞 
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4- Oxidizing and Reducing Agents:                      :العوامل المؤكسدة والمختزلة 

eq.wt (oxidizing agent) = 
Mwt 

no. of gained electrons 
  

  
الجزيئي الوزن

 Δالمكتسب Εعدد الالكترونا
 الوزن المكافئ لϠعامل المؤكسد = 

eq.wt (reducing agent) = 
Mwt 

no. of lost electrons 
        

  
الوزن الجزيئي

عدد الالكتروناΕ المفقودة
 الوزن المكافئ لϠعامل المختزل = 

 

Ex. Calculate the equivalent weight for potassium permanganate (Atomic 
weight: K= 39, Mn=55, O=16). 

MnO
4-

 + 8H
+
 + 5e

-
   ⇌    Mn

2+ 
+ 4H2O 

ϥ΍ ϱ΍ ΕΎنϭήΘϜللال ΏΎسΘك΍ ΙϭΪح ΔبقΎلس΍ ΔلΩΎعϤل΍ 4نلاحظ من KMnO  .Ϊمل مؤكسΎع 

eq.wt = 
Mwt 

no. of gained electrons 
  

          = 
ሺ͵9+ͷͷ+ሺͶXͳ͸ሻ 𝑔/௠𝑜௟𝑒ͷ  = 31.6 𝑔/𝑒𝑞 

 

 

Exercise: Calculate the equivalent weight for the following compounds: 
Fe(OH)3   , K2CrO4   , NaF  , HI  , ZnCl2   , Pb(OH)2   , H3PO4   , Na2CO3   , 
Hg2(NO3)2   , MgSO4  , NH4OH   , CH3COOH   , Ca(OH)2   , K2Cr2O7   , 
Na3PO4. 


