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Supplementary Notes on Volumetric Analysis
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(
(I)
“PRIMARY STANDARD” & “SECONDARY STANDARD”
1.
“Standard Solution” is a solution of known molarity (concentration).
2.
A “Primary Standard” is a pure compound from which a standard solution of accurately known concentration can be prepared directly, without any standardization.
i.e.
by dissolving a known mass of that substance in a solvent (e.g. water) to give a known volume (e.g. 250cm3) of the solution. Therefore, the molarity of that solution can be calculated.
3.
Criteria for choosing a “Primary Standard”:

(i)
must be pure,

(ii)
should dissolve in water easily,

(iii)
should be stable in air and water,

(iv)
should have a high molar mass (reduce the weighing error)

(v)
should NOT absorb water or lose water easily.
4.
“Secondary Standard” is a solution which is standardized by “Primary Standard”.
e.g.
by dissolving an unknown mass of substance into water, and then titrated the solution against a “primary standard”.
Exercise 1:

(a)
Suggest THREE compounds which are suitable to be used as “Primary Standard”.
(b)
Explain why the following substances are not used as “Primary Standard”:

(i)
Ammonia

(ii)
Sodium Hydroxide
(
(II)
BACK TITRATION
In some cases, direct titration may not be easily done for the reaction between reagent X and reagent Y, because:
1.
one of the reagent is a solid and thus the reaction is very slow.



( i.e. we do not know whether the reaction has completed.

e.g.
it is not easy to find the end point for the titration between CaCO3(s) with standard HCl(aq) although they react with each other.

2.
no suitable indicator can be used to detect the end point.
e.g.
it is not feasible to titrate NH4Cl(aq) with NaOH(aq) using acid-base indicator, although they react with each other.


(
Therefore, “back titration” is applied to solve the problem.
An excess but known amount of reagent X is added to reagent Y. After the reaction has completed, the excess reagent X can be titrated with a standard solution of reagent Z (an indicator could be found for the titration between reagent X and reagent Z).
(
(III)
TYPICAL EXAMPLES OF BACK TITRATION

(
Finding the mass of magnesium using Back Titration:

Adding the magnesium sample to a known volume (excess!!) of standard acid (e.g. 50.0cm3 of 1.0M HCl). After the reaction has completed (( HOW DO YOU KNOW THAT??), the amount of excess acid can then be determined by titration with standard alkali (e.g. 1.0M NaOH).
Chemical Equations:

Mg(s) + 2HCl(aq) ( MgCl2(aq) + H2(g)
NaOH(aq) + HCl(aq) ( NaCl(aq) + H2O(l)

(
Finding the mass of calcium carbonate using Back Titration:


Adding the calcium carbonate sample to a known volume (excess!!) of standard HCl. After the reaction has completed (( HOW DO YOU KNOW THAT??), the amount of excess acid can be determined by titration with standard NaOH.

Chemical Equations:

CaCO3(s) + 2HCl(aq) ( CaCl2(aq) + CO2(g) + H2O(l)
NaOH(aq) + HCl(aq) ( NaCl(aq) + H2O(l)
(
Finding the concentration of ammonium nitrate solution using Back Titration:


Adding the sample ammonium nitrate solution to a known volume (excess!!) of standard NaOH. The reaction mixture is warmed to drive off NH3(g). After the reaction has completed (( HOW DO YOU KNOW THAT??), the amount of excess NaOH can be determined by titration with standard HCl.

Chemical Equations:

NH4NO3(aq) + NaOH(aq) ( NH3(aq) + NaNO3(aq) + H2O(l)
NaOH(aq) + HCl(aq) ( NaCl(aq) + H2O(l)
Exercise 2:

5.00g of an alloy, which contains copper and zinc only, reacted with 100cm3 of 1.00M HCl. The excess acid required 25.65cm3 of 0.50M NaOH for complete neutralization. What is the percentage by mass of zinc in the alloy?
[RAM: Cu=63.5, Zn=65.4]

(
(II)
MAJOR TYPES OF TITRATIONS

(
Acid-base Reactions

An acid (or base) from burette is added to a base (or acid) in a conical flask.

The end point can be detected by an acid-base indicator, change in temperature, change in conductivity or change in pH value.

(
Acid-carbonate Reactions

They are similar to “acid-base reactions”. The end point can be detected by an acid-base indicator. Insoluble carbonates can be titrated by “back titration”:
(
known amount of excess acid is added to the insoluble carbonate so that all the carbonate has been completed reacted.
(
the amount of excess acid is determined by titration with standard alkali.
Exercise 3:


33.0cm3 of 0.45M hydrochloric acid was added to 0.72g of a sample of anhydrous sodium carbonate containing sodium chloride as impurity. The excess acid was found to be neutralized by 15.0cm3 of 0.41M sodium hydroxide solution. Find the percentage purity of the sodium carbonate sample. [RAM: Na=23.0, H=1.0, C=12.0, O=16.0, Cl=35.5]

(
Redox Reactions ***
(
Example 1:  Determination of Thiosulphate or Iodine
(I)
Preparation of Standard Iodine Solution
1.
A standard iodine solution is used to titrate with a thiosulphate solution of unknown concentration. The standardized thiosulphate solution (i.e. concentration is found) can then be used to titrate another iodine solution of unknown molarity.
2.
As iodine is volatile, it is difficult to prepare a standard solution of iodine by dissolving a certain amount of iodine solid in water. Actually, iodine is just slightly soluble in water (conc. < 0.001M!!).
3.
A standard iodine solution is fleshly prepared by dissolving a known mass of pure potassium iodate (V) solid (KIO3(s)) into an acidic medium (H2SO4(aq)) containing excess iodide (I-(aq)):




IO3-(aq) + 5I-(aq) + 6H+(aq) ( 3I2(aq) + 3H2O(l)    
4.
The solution of iodine (I2) in iodide (I-) is brown due to the reversible reaction:







I2(s) + I-(aq)      I3-(aq)   
i.e.
Although iodine is slightly soluble in water, it is very soluble in the presence of iodide ion (I-).  

Therefore, an “aqueous solution of iodine is actually a solution of triiodide ion (I3-).
5.
The standard iodine solution must be used immediately because its concentration changes with time!!



Note:



i)
iodine is volatile: 

i.e.
I2 will escape from the solution to the atmosphere. 
( 
[I2] decreases with time.



ii)
iodine can oxidize the cork or rubber stopper: 

i.e.
some of the I2 will be lost through redox reaction. 

( 
[I2] decreases with time.

iii)
iodide (I-) can be easily oxidized by air in the presence of acid and oxygen:
i.e.
some I2 will be formed.
( 
[I2] increases with time.

(II)
Determination of the thiosulphate solution using standard I2(aq)

(“Iodimetric Titration” / “Iodimetry” ~ using I2 as oxidizing agent)

1.
It is very important to notice that thiosulphate is unstable:

(i)
in acidic medium, 

(ii)
in the presence of microorganism,
(iii)
in the presence of Cu(II) ions (Cu2+),
(iv)
under sunlight.
Therefore thiosulphate solution must be standardized with standard iodine solution (I2(aq)) before use.
2.
The Na2S2O3(aq) solution can be prepared by dissolving Na2S2O3(5H2O crystals in freshly boiled distilled water (i.e. contains no CO2 which will form H2CO3 in water and reacts with Na2S2O3.)  

[**
Sodium carbonate (Na2CO3) can be added to the solution to keep the solution alkaline. Furthermore, HgI2 is also added to suppress bacterial action.]

3.
The standard iodine solution is then used to titrate with a thiosulphate solution of unknown molarity.





I2(aq) + 2S2O32-(aq) ( S4O62-(aq) + 2I-(aq)    




  (brown) (colorless)     (colorless)  (colorless)
4.
The color of iodine in iodide (I3-) is not clear enough for the detection of end point (color change: brown ( pale yellow ( colorless, very difficult to observe).

Therefore, starch is used as the indicator.





Starch + I2(s)       blue complex   
5.
The starch solution should be added at the later stage of the titration (i.e. when the solution color changes from brown to pale yellow). 
After the addition of starch, the mixture turns deep blue.  As the amount of iodine decreases during the titration, the end point is shown by the complete decolorization of blue color.
6.
After standardization, the thiosulphate solution can be used to titrate another solution of iodine of unknown molarity.
Exercise 4: [2001-AL-Chem-P2-Q1(c)]

A standard iodine solution was prepared by dissolving 0.953g of KIO3(s) in excess KI(aq) and H2SO4(aq) and then making up the solution to 250.0cm3.
(i)
Why are standard iodine solutions not prepared directly from solid iodine?
(ii)
Calculate the molarity of the standard iodine solution.
(iii)
25.00cm3 of the standard iodine solution was titrated against 0.0981M Na2S2O3(aq). 27.25cm3 of the Na2S2O3(aq) was required to reach the end point.

(I)
Deduce the stoichiometry of the reaction of I2(aq) with Na2S2O3(aq), and write a balanced equation for the reaction.

(II)
Suggest an appropriate indicator for the titration and state the color change at the end point.
(
Example 2:  Determination of Iron (III)



(“Iodometric Titration” / “Iodometry” ~ using I2 as reducing agent)
1.

Excess sodium iodide (NaI(aq)) is added to the sample of Fe3+(aq) of unknown concentration.  Iodide ions are oxidized by Fe3+ to form iodine (I2).





2Fe3+(aq) + 2I-(aq) ( 2Fe2+(aq) + I2(aq)    
2.
The iodine liberated is then determined by the titration with standard thiosulpate solution.
(
Example 3:  Determination of Iron (II)


Iron (II) can be determined by the titration with manganate (VII) solution.


   5Fe2+(aq) + MnO4-(aq) + 8H+(aq) ( 5Fe3+(aq) + Mn2+(aq) + 4H2O(l)   


  (pale green)  (purple)          (pale yellow) (colorless)


The end point could be detected by the presence of “permanent” pink color of MnO4-(aq).
Exercise 5:

A potassium manganate (VII) solution is standardized by an acidified 0.10M iron (II) sulphate solution.  21.80cm3 of the potassium manganate (VII) solution are required to completely react with 25.0cm3 of the acidified iron(II) sulphate solution.  Calculate the molarity of the potassium manganate (VII) solution.
Exercise 6:

An impure sample of iron of mass 6.50g was dissolved in dilute sulphuric acid.  The solution was made up to 250cm3.  The solution contained iron (II) ion together with the impurities.  25cm3 of the solution was titrated against 0.10M potassium manganate (VII) solution.  The average titre to reach the end point was 20.0cm3.  Determine the percentage purity of the iron sample.

[RAM: Fe=56.0]
Exercise 7:

Borax (Na2B4O7(10H2O) has a molar mass of 381.37.  It is often used as a primary standard in acid-base titration.  You are provided with a pure sample of borax, distilled water and usual laboratory apparatus and instruments.
(a)
What is meant by a “primary standard”?

(b)
Describe how you would prepare a 250cm3 standard borax solution of concentration approximately 0.1M.  Outline the steps in the preparation and indicate the apparatus and instruments that are necessary.
Exercise 8:

Sample “A” containing Fe2O3, Fe3O4 and inert substances was analysed firstly by iodometry.
An excess of acidified potassium iodide solution was added into 10.0g of sample “A”.  After the reaction had completed, the resulting solution was diluted to 100cm3.
The diluted solution was treated as follows:
(1)
10.0cm3 of the diluted solution was titrated with 0.5M sodium thiosulphate solution.  After the addition of sodium thiosulphate solution, the dark brown color of the titration mixture became paler.  When the solution had just turned pale yellow, 2cm3 of starch solution was added.  It was found that 8.80cm3 of 0.5M sodium thiosulphate solution were required to reach the end point.
(2)
25.0cm3 of the diluted solution was shaken with 25cm3 of tetrachloromethane for two times to extract all the iodine present.  After that the aqueous solution was titrated with 0.2M potassium manganate (VII), and 14.20cm3 was required.
Questions:
(a)
Write all the equations for the reactions between the sample and acidified potassium iodide solution.

(b)
What was the function of starch solution used in step (1)? Why was the starch solution added after the color of the solution had just changed to pale yellow?

(c)
How can the end point be noted in the titration of step (1)?

(d)
Why the iodine should be extracted before the solution was titrated against potassium manganate (VII) in step (2)?

(e)
Determine the percentages by mass of Fe2O3 and Fe3O4 in sample “A”.
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