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Introduction 
Analytical chemistry is the branch of chemistry that deals 
with the separation, identification and determination of 
components in a sample. 
Analytical chemistry can be divided into two branches, 
qualitative and 
quantitative. Qualitative analysis deals with finding that  
 
 
 

constituent or constituents in an analytical sample and 
quantitative analysis deals with the determination 
of how much of a given substance is in the sample. 
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Analytical Chemistry 



Analytical Methods 
1. Qualitative analysis 
2. Quantitative analysis 
• Qualitative or physical analysis 
Recognition of chemical species by means of: 
1.Neutralisation Reactions 
2. Complex Formation Reactions 
3. Redox Reactions 
4. Precipitation Reactions• 
Quantitative chemical analysis 
Quantitative chemical analysis carried out by determining the 
volume of a solution of accurately known concentration which 
is required to react quantitatively with a measured volume of 
the substance to be determined. 



Types of Instrumental Methods 
1. Spectroscopic methods: 
Atomic spectroscopy 
Molecular spectroscopy 
2. Chromatographic methods (separations): 
3. Electrochemistry 

Sampling: Accuracy depends on proper sampling, 
characteristic of sample is very important, required 
good representative sample (from top, middle and 
bottom and mix up and take average sample). 



Sample preparation: 
depends on analytical techniques. In order to select an 
analytical method intelligently, it is essential to define 
clearly the nature of the analytical problem. In general, 
the following points should be considered when choosing 
an instrument for any measurement. 
1- Accuracy and precision required 
2-Available sample amount 
3- Concentration range of the analyte 
4-  Interference in sample 
5-  Physical and chemical properties of the sample matrix 
6-  Number of sample to be analyzed 
 7- Speed, ease, skill and cost of analysis 



Validation Characteristic 
1-  Bias 
2-  Precision 
3- Sensitivity 
4- Detection limit 
5- Concentration range (Dynamic 
range) 
6- Selectivity 
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            SOLUTIONS 
General properties of solutions 
solution – a system in which one or more 
substances are homogeneously mixed or 
dissolved in another substance, two 
components in a solution: 

 solute the component that is dissolved 
or is the least abundant component 
solvent 

 the dissolving agent or the most 
abundant component . 



1. the mixture of two or more components is homogeneous and 
have a variable composition 
2. the dissolved solute is molecular or ionic in size 
3. it is either colored or colorless and is usually transparent 
4. the solute is uniformly distributed throughout the solution and 
will not settle out with time 
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5. the solute can generally be separated from the solvent by 
purely physical means 
ex. sugar solution 
• 10 g or 20 g of sugar in 100 mL of water 
• every portion of the solution has the same sweet taste 
• if no solvent is lost, the solution will taste and appear as same a 
week or month later 
• carefully evaporating water, the sugar can be recovered 



                    Solubility 
solubility – the amount of solute that will dissolve in a specified 
amount of solvent under stated condition 
ex. 36 g of NaCl will dissolve in 100 g of water at 20oC, solubility 
of NaCl in water is36 g/100 g H2O at 20oC 
qualitative description of solubility: 
very soluble, moderately soluble, slightly soluble, insoluble 
miscible – liquids that are capable of mixing and forming a 
solution, 
immiscible – that do not form solution or are generally insoluble 
in each other 
ex. oil and water are immiscible ,water and ethanol are miscible 
the quantitative expression for the amount of dissolved solute in 
a particular quantity of solvent is known as the concentration of a 
solution 



Factors related to solubility; 
many variables are involved in the solubility of a 
substance, some factors related to solubility are examined 

 the nature of the solute and solvent “like dissolve like” 
is a general rule. 

 polar or ionic substances tend to be more compatible 
with other polar substances 

 nonpolar substances tend to be compatible with other 
nonpolar substances and less miscible with polar 
substances 
ex. NaCl is more soluble in water than in ether, hexane or 
benzene pentane is slightly soluble in water but is soluble 
in ether or benzene 



The effect of temperature on solubility 
for most solids dissolved in a liquid, an 
increase in temperature results in 
increased solubility 

there are some exceptions the solubility 
of a gas in water usually decreases with 
increasing temperature . 



The effect of pressure on solubility; 
changes in pressure have little effect on the 
solubility of solid in liquids or liquids in liquids, 
but have marked effect on the solubility of 
gases in liquids 
the solubility of a gas in a liquids directly 
proportional to the pressure of that gas above 
the solution . 
ex. adding 40 g KCl to 100 g H2O at 20oC 34 g 
KCl dissolves and 6 g KCl undissolved solute 
,saturated solution contains dissolved and 
undissolved solute 



unsaturated solution 
contains less solute per unit of volume 
than does its corresponding saturated 
solution 
ex. adding 40 g KCl to 100 g H2O at 20oC34 
g KCl dissolves and 6 g KCl undissolved if 
the solution heated to 50oC, all the salt will 
dissolve and the solution is unsaturated 
Solutions: 



a reaction medium; 
many solids must be put into solution to undergo 
appreciable chemical reaction 
ex. NaCl + AgNO3 = AgCl + NaNO3 
mixing solid NaCl and solid AgNO3 if any reaction occurs, it 
is slow and 
virtually undetctable 
if dissolving NaCl and AgNO3 separately in water and 
mixing two solutions, white AgCl precipitate immediately 
forms 
NaCl(aq) + AgNO3(aq) ↔ AgCl+ NaNO3 
the mixture of the two solutions provides a medium or 
space in which Ag+ and Cl- react solutions 



Concentration of solutions; 
the concentration of a solution expresses the amount of 
solute dissolved in a given quantity of solvent or solution 
Expressing concentration of solution ; 

 Molarity : is the number of moles of solute dissolved in 
one liter of solution. The units, therefore are moles per 
liter, specifically it's moles of solute per liter of solution.  
                      Weight (g)                                          1000  
Molarity = ----------------------------------- x --------------------------               
                     Molecular Weight ( g/mol)               Volume (ml) 
                       



Normality : 
is the number of equivalents of solute 
dissolved in one liter of solution. The units, 
therefore are equivalents per liter, specifically 
,it's equivalents of solute per liter of solution 
                           Weight(g)                                     1000 
Normality = ---------------------------------x  ------------------------                    
                     Equivalent weight (g/eq)               Volume(ml) 
 

                            



Weight – Volume Percentage (% w/v); 
                 Weight of solute (g) 
% w / v = -------------------------------- x 100 
                 Volume of solution (ml) 
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Volume – Volume Percentage ( % v / v) ; 
               Volume of solute (ml) 
% v / v = -------------------------------- x 100 
              Volume of solution (ml) 



Parts per Millions ( PPM) ; 
           Weight of solute (g) 
PPM = ---------------------------------- x 10 6 
            Volume of Solution (ml) 
10 
Relationship between PPM and Molarity and 
Normality; 
PPM = M x M.Wt x 1000 
PPM = N x Eq.Wt x 1000 



Converting weight/weight (w/w) 
concentrations to ppm 
1ppm = 1mg/kg = 1μg/g 
1. A solution has a concentration of 
0.033g/kg. What is its concentration in ppm? 
a. Convert mass in grams to mass in 
milligrams: 0.033g = 0.033g x 1000mg/g = 
33mg 
b. Re-write the concentration in mg/kg = 
33mg/kg = 33ppm 



DILUTIONS; 
Whenever you need to go from a more 
concentrated solution [“stock”] to a less 
concentrated one, you add solvent [usually 
water] to “dilute” the solution. No matter what 
the units of concentration are, you can always 
use this one formula 
C1 V1 = C2 V2 
[Concentration of the stock] x [Volume of the 
stock] = [Concentration of the final solution] x 
Volume of the final solution] 
N1 V1 = N2 V2 and M1 V1 = M2 V2 



                         Specific Gravity (g/l) x Percentage (%) x 1000 
Normality = -----------------------------------------------------------
-- 
                         Equivalent Weight (g/ eq) 
 
 
                     Specific Gravity (g/l) x Percentage (%) x 1000 
Molarity = ------------------------------------------------------------- 
                         Molecular Weight (g/ mol) 
 
 



p-Functions; 
The p-function of a number X is written as pX 
and is defined as 
pX = –log(X) 
X= H + , Cl- , …….etc. 
PH= - log [H +] 
POH = - log [OH-] 
[H +] + [OH-] = 10-14= Kw 
PH + POH = 14 


