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Units for Expressing Concentration  
كي           لت عن  ي تع ستع ل ل ح  ل    

Concentration: Is a general measurement unit stating the amount of 
solute present in a known amount of solution. 

Concentration=     𝑖  
 

Although the terms “solute” and “solution” are often associated with 
liquid samples, they can be extended to gas-phase and solid-phase 

samples as well. The actual units for reporting concentration depend on 

how the amounts of solute and solution are measured. 

كي  م قي ح ه :لت ل ع ي تشي  ي في ل ك ف ك ح من مع غم ع .ل  ل
ح أ من ح" " ل" مصط ل  " ل ط م غ ت ، لعي مع ت ئ نه لس ن لا    ي

ل  ي ليش لكلص  لغ ح  ك ي ل كيل لفع ي قي يكيف ع تعت ت  ك
: .حل ل لآتي لصيغ  ح  كي ب لت ي عن  لتع ن    ي

 

1- Molarity (M):                                                                     : ي لا ل  
It is the number of moles (number of molecular grams) of solute per liter 

of solution.  

ف بأن ع  حتع ل ب في لت من  ل ل  ( من  ي ي لج م  لغ لا )ع  .ل  

M =    𝑖  
 =  𝑖  

        
ل لا   ع م

ت ل ح ب ل حجم 
ي =  لا ل  

  Where     =   wtMwt 
                          

لغ ل  ب  
ي ب لج ل ل 

لا =  ل ع م  

M =   𝑖 𝑖  
                        

لا ي م ل ع م  
ح حجم يت ل ل ب

ي =  لا ل  

=  

 wt  ، لغ ل ب ل   ل  Mwtي ي لي ي لج ل  VmL، ل  ح ي ل حجم 
. يت ل  ب

Units of molarity are: mole/L , mmole/mL  
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Ex. How many grams of AgNO3 used to prepare 500 mL of 0.125 M 
solution (Mwt = 169.9 g/mole). =         ⇒⇒⇒      =    

 =     = .   .   
 = 10.619 g 

Ex. Calculate the molarity (M) of solution result from dissolving 20 g of  
sodium hydroxide in 2.0 liters of solution (Na = 23, O = 16, H = 1). 
   We could solve this question in two ways:  

NaOH =  wt
Mwt 

 =    + +  /  = 0.5 mole 

M =  𝑖  
 =  .

 
 = 0.25 M  

or     =   

       =   = 0.25 M 

 

2- Normality (N):                                                                  : ي لعي  
It is the number of equivalents of solute per liter of solution.  

ف بأن ع  ميتع لغ ف  ح ل ل ب في لت من  ل ل  .من   

N =    𝑖 𝑖  
 = .   𝑖  

     

      
مي ل لغ ف  ل  ع 

ح لحجم ت ل ل ب
ليل =  م  

 Where    .   =  wteq.wt 
            

لغ ل  ب  
ل ل فئل 

لع =  مي   لغ ف   

  N =     
                       

ي ل مي فع  ل لغ  
ح حجم  يتل ل ب

ليل =  م    
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= .    

wt    ، لغ ل ب ل   ،  Mwtي مي ل لغ فئ  ل ل  ل  ل حجم  VmLي ي
. يت ل ح ب  ل

Units of molarity are: eq/L , meq/mL  

 

Ex. How many grams of sodium carbonate used to prepare 250 mL of 
0.20 N solution (Mwt = 106 g/mole). 

eq.wt Na2CO3 = 
Mwt 

no.of cations x oxidation number of cations
 

                      =       = 53 g/eq = .    

. =    

 = 2.650 g     

 

Ex. Calculate the normality (N) of solution result from dissolving 0.5 g 
of copper (II) hydroxide in 100 mL of distilled water. (Cu = 63.5, O = 
16, H = 1). .  Cu (OH)2 =  Mwt

no. of ionized hydroxide groups (OH-) 
  

                            = [ . + X + X ] /      =  48.75 g / eq            = .    

= . .     

= 0.103 N  
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3- Formality (F):                                                                      : لي م لف  
It is the number of moles of solute, regardless of chemical form, per liter 

of solution.  

، ئي ي ي ل ته  ل عن هي ، بغض  ل لا  ف بأن ع م ح تع ل .في لت من   

F =    𝑖 ℎ 𝑖  
 = .   𝑖  

   

  
مي لع  لغ لصيغ    

ح حجم ت ل ل ب
ليل =  م ف  

  .   = wt   g.fw                 
لغ ل ب   

لصيغ ل 
ميع  =  لغ لصيغ  ل    

F = .  𝑖 𝑖  𝑖 ℎ  
                      

ل لا  ي م  ع م
يت ل ح ب ل حجم 

لل =  م يف  

𝐹 = .  

wt ، لغ ل ب ل   .gي fw  ل لصيغي    ، ح  VmLل ل ل حجم  ي
. يت ل  ب

Units of formality are: fw/L , mfw/mL. 

 

4- Molality m  المولالية:                                                                           :
It is the number of moles of solute per kilogram of solvent.  

ل لا  ف بأن ع م يبفي  تع ل غ من  .كي  

m =    .   
                      

لا ل ع م  
غ ي ل يب ب ل  

لا =  يلل  

=     .    
 

Units of molality are: mole/Kg , mmole/g. 
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Ex. Calculate the molality (m) of solution result from dissolving 5 g of 
sodium hydroxide in 250 g of distilled water. (Mwt = 40 g/mole). 

NaOH =  wt
Mwt 

 =      /  = 0.125 mole 

m =    .   
 = 

  .     .    = 0.5 m 

or    =     .     =       
     = 0.5 m 

 

5- Mole fraction:                                                            :لي ل س  ل  
It is the ratio between the number of moles of solute or solvent to the total 

number of moles of solute and solvent.  

يب ل ل  لا  ي ل ل لع  ل  يب  ل ل   لا  س بين ع م ل ف بأنه  .يع  

X1 = +  
            X2 = +  

              X1 + X2 = 1 

1X  ، لي ل ل س  ل ل  يب،  2Xي لي ل ل س  ل ل  ،  n1ي ل لا  ل ع م ي
n2 .يب ل لا  ل ع م  ي

Ex. Calculate the mole fraction for A and B in their mixture if the moles 
of A= 18 and B= 40 moles.  

X1 = +  
 = 0.310                      X2 = +  

 = 0.690 
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6- Percent Concentration:                                              : ي ل س  ل  
A- Weight-to-volume percent ratio     ي ل س  ي ل لحج ني                         ل

It is the number of grams of solute in 100 mL of solution. 

م ع هي ح 100في ل  غ ل ت من  ي .م  

%W/V =       𝑖  
 X 100      100 X 

لغ ل ب   
ت ي ل ح ب ل حجم 

   = %W/V 

B- Volume percent ratio ي      لحج ي  ل س                                                 ل

It is the number of milliliters of solute in 100 mL of solution. 

ل في  م  ح 100هي ع غ ل ت من  ي ل ) م ي  ل يس مج حج
يب .(ل  

%V/V =          𝑖  
 X 100       100 X 

ت ي ل ل ب  حجم 
ت ي ل ح ب ل حجم 

   = %V/V 

C- Weight percent ratio ني         ل ي  ل س                                            ل

It is the number of grams of solute in 100 g of solution. 

ل في  م  ني 100هي ع غ ل يس مج  ح ) ل ل  غ من 
يب( .ل  

%W/W =        𝑖  
 X 100          100 X 

لغ ل ب   
لغ ح ب ل      = %W/W 

Ex. Calculate the percent ratio for solution result from dissolving 5 g of 
sodium hydroxide in 0.25 L of distilled water.  

%W/V =         𝑖  
 X 100 

            =        X 100  

            = 2 % 
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Ex. Calculate the percent ratio for solution result from dissolving 200 
mL of methanol in 400 mL of distilled water.  

%V/V =         𝑖  
 X 100 

            =     +    X 100 

 = 33.333 % 

Ex. What is the weight in grams of solute in 800 mL of 15% industrial 
solution of glucose?  

%W/W =        𝑖  
 X 100 

15 =       
 X 100    = 120 g 

 

7- Other units: 
In IUPAC terminology, parts per billion, parts per million, and parts 

per thousand are weight ratio concentrations of grams of solute to one 

billion, one million grams or one thousands of sample, respectively: 

a- Parts per billion (ppb):                                            : ي ل ب ء ل  ج

ppb =         𝑖  
 X 109   

or  ppb =     µ      𝑖   
 = 

         
b- Parts per million (ppm):                                          : ي ل م ء ل  ج

ppm =         𝑖  
 X 106    

or    ppm =          𝑖   
 = 

  µ        
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c- Parts per thousand (ppt):                                           :لف ل  ء ل  ج

ppt =         𝑖  
 X 103        

or    ppt =          𝑖   
 = 

         
Note: 
Gram (g) = 103 milligram (mg) = 106 microgram (µg) = 109 nanogram (ng) 

Liter (L) = 103 milliliter (mL) = 106 microliter (µL) = 109 nanoliter (nL) 

ء لأج ئل  ئل في س ئل س ب في س ب في صب ص  ص

 

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 

 

 

 8- ايجاد تركيز المحاليل السائلة
ي ل س  ل ف  ئل من مع لس كي  يج ت ن  ل ئل  )%( من  لس عي ل  ل ل 

: لي لت نين  لق ست  لك ب  =  %  .     Mwt  =  %  .     eq. wt  

𝐹 =  %  .     g. fw  

Also: 

N1 V1 = N2 V2 

M1 V1 = M2 V2 

F1 V1 = F2 V2 
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Note: 

Density (d) = 
             (unit: g/mL or Kg/L) 

Specific gravity (sp.gr) = 
  𝑖     𝑖       

 ) ح ل لي من  عي خ ل ل  (  

Ex. Calculate the normality of solution result from dilution of 100 mL of 
0.25 N nitric acid to 250 mL. 

 N1 V1 = N2 V2 

0.25 x 100 = N2 x 250 

N2 = 0.1 N 

 

Ex. Prepare 250 mL of 0.1 N solution of sulfuric acid if you know that 
sp.gr =1.84, percent ratio = 96 % and Mwt = 98 g/mole. =  %  .     eq. wt  

=    .     
 

      = 36.049 N )ي لأص مض  لح كي  ل ت  )ه ي

N1 V1 = N2 V2 

36.049 x V1 = 0.1 x 250 

V1 = 0.6935 mL ≈ 0.69 mL 

Add 0.694 mL of concentrated sulfuric acid in 250 mL volumetric flask 
(containing a small volume of distilled water) then complete the volume 
up to the mark with distilled water. 

ط نسحب  ل ح  ل ي  0.69لتحضي  نضعه في ق ي  لاص مض  لح مل من مح 
ي سع  ،  250حج قط ل ء  ل ي من  ي ق لعلام مل، تحت ع ك ل  لحجم  ل  ثم ن
. قط ل ء  ل  ب
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Ex. Prepare 500 mL of 0.5 N solution of hydrochloric acid if you 
know that sp.gr =1.184, percent ratio = 37 % (H= 1, Cl= 35.5). 

 

Solved questions 

Q1- What is the formal concentration of NaCl solution (Mwt 58.5 

g/mole) if 0.1753 g of the salt dissolved in sufficient amount of water 

to give 240 mL of solution? 𝐹 =  .     =    .   .        
 

    = 0.0125 F (mfw/mL) 

 

 

Q2- Calculate the molality (m) of a solution, which is 10 % by weight 

NaOH (Mwt 40 g/mole), supposing that we take 100 g of solution. 

  

100 g of solution = 10 g NaOH + 90 g H2O 

 =     .    =              

 

     = 2.778 m (mmole/g) 

  

Q3- Calculate the molarity and normality of a solution containing 10.6 g 

of sodium carbonate Na2CO3 (Mwt 106 g/mole) in one liter of aqueous 

solution? 

M =  𝑖  
      [  =  wt  Mwt   = 

 10.6    106   = 0.1 mole ]                                          

  M =  
  .      1   = 0.1M (mole/L)         
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or     = =    .          
      = 0.1 M (mole/L) 

N = .     𝑖     
  .   =  wt  eq.wt   =  . /  x    = 0.2 eq                                         

 N =   .        = 0.2 N (meq/mL)       

 or    = .    

= . /  x         
    = 0.2 N (meq/mL) 

 

Q4- 16 g of KNO3 is dissolved in 84 g of water to give 16 % KNO3 

solution. express the concentration in ppm. 

ppm =         𝑖  
 X 106      

        =        
 X 106   = 0.1905 X 106 ppm (µg/g) 
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Q5- Calculate the number of grams of solute in: 

a - 1 L of 0.2 N Ba(OH)2 solution (Mwt 171 g/mole).  

b - 5 L of 0.2 N (NaOH) solution (Mwt 40 g/mole). 

a –  =  .          ⇒⇒⇒      =  .   
 =  .   7   

  = 17.1 g 

b –  =  .          ⇒⇒⇒      wt = N  eq. t  VmL
 =  .   4   

  = 40 g 

 

Q6- How can you prepare: 

a - 250 mL of 0.25 F HCl, if sp.gr of HCl =1.184 and containing about 

37% HCl by weight (Mwt 36.5 g/mole). 

b - 250 ml of 0.1M H2SO4, if sp.gr = 1.84 and containing about 96% 

H2SO4. 

a - 𝐹 =  %  .     g. fw =    .     .  

      = 12.002 F     

F1 V1 = F2 V2 

12.002 x V1 = 0.25 x 250 

V1 = 5.207 mL 
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Add 5.207 mL of concentrated hydrochloric acid in 250 mL volumetric 
flask (containing a small volume of distilled water) then complete the 
volume up to the mark with distilled water. 

ي سع  5.207نسحب   ي حج نضعه في ق ي  لاص مض  لح مل،  250مل من مح 
. قط ل ء  ل لعلام ب ل  لحجم  ل  ، ثم ن قط ل ء  ل ي من  ي ق  تحت ع ك

b - 

=  %  .     Mwt =     .     
 

      = 18.024 M     

 

M1 V1 = M2 V2 

18.024 x V1 = 0.1 x 250 

V1 = 1.387 mL 

Add 1.387 mL of concentrated sulfuric acid in 250 mL volumetric flask 
(containing a small volume of distilled water) then complete the volume 
up to the mark with distilled water. 

ي سع  1.387نسحب   ي حج نضعه في ق ي  لاص مض  لح مل،  250مل من مح 
ل ل  ، ثم ن قط ل ء  ل ي من  ي ق .تحت ع ك قط ل ء  ل لعلام ب ل  حجم   

Q7- Calculate the normality (N) of a 500 mL solution containing 20 g of 

NaOH (Mwt 40 g/mole). =  .   

     =         
     = 1 N (meq/mL) 
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Q8- Find the molarity of 100 mL of 1.17 % (W/V) NaCl solution (Mwt = 

58.5 g/mole). =         = .   .         
    = 0.2 M (mmole/mL) 

 

Q9- Calculate the mole fraction of 15 % by weight aqueous sugar 

solution (15 % w/w C6H12O6) (Mwt C6H12O6 = 180 g/mole, Mwt H2O 

= 18 g/mole). 

100 g of solution = 15 g C6H12O6 + 85 g H2O 

 

 C6H12O6 = 
wt  Mwt    = 

15   = 0.083 mole 

   H2O = 
wt  Mwt    =      = 4.722 mole 

X1 = +  
                      X2 = +  

 

X1 = .. + .  
  = 0.017                 X2 = .. + .  

 = 0.983 

 

X1 + X2 = 1       ⇒ ⇒ ⇒    0.017 + 0.983 = 1 


