Chapter 9

Applications of Neutralization Titrations

Objectives

The aim of this chapter is to concentrate on some important applications of neutralization titrations. These applications include analytes that are acids or bases or substances that can be converted into acids or bases. During this, we will consider the preparation and standardization of some common standards and their properties.

Reagents for Neutralization Titrations

Standard solutions are prepared from strong acids or bases, because they  give a pronounced change in pH at the equivalence point.

Preparation of Standard Acid Solutions

HCl is widely used for titration of bases. HClO4 and H2SO4 are also stable and are useful for titrations where chloride ion interferes by forming precipitates. HNO3 is seldom used because of its oxidizing properties.

Standardization of Acids

Sodium Carbonate

As shown below, two end points are observed in the titration of sodium carbonate. The firs at about pH 8.3, corresponding to the conversion of carbonate to hydrogen carbonate, the second, involving the formation of carbon dioxide, is observed at about pH 3.8.
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The second end point is always used for standardization because the change in pH is greater than that of the first. An even sharper end point can be achieved by boiling the solution to eliminate carbonic acid and carbon dioxide. The sample is titrated to the first appearance of the acid color of the indicator (such as bromocresol green or methyl orange). At this point, the solution contains a large amount of dissolved carbon dioxide and small amounts of carbonic acid and unreacted hydrogen carbonate. Boiling destroys this buffer by eliminating the carbonic acid:

H2CO3(aq) → CO2(g) + H2O(l) 
The solution then becomes alkaline again due to the residual hydrogen carbonate ion.

Alternatively, the acid is introduced in a slight excess, then the solution is and cooled; the excess acid is then back-titrated with a dilute solution of base.

Other Primary Standards for Acids 
Tris-(hydroxymethyl) aminomethane, (HOCH2)3CNH2, (TRIS or THAM), is available as a primary-standard. It possesses the advantage of a substantially greater mass per mole of protons consumed (121.1) than sodium carbonate (53.0)
(HOCH2)3CNH2 + H3O+ ↔ (HOCH2)3CNH3+ + H2O
Sodium tetraborate decahydrate and mercury(II) oxide have also been used as primary standards. The reaction of an acid with the tetraborate is 
B4O72- + 2H3O+ + 3H2O → 4H3BO3
Example 1

Compare the masses of (a) TRIS (121 g/mol), (b) Na2CO3 (106 g/mol), and (c) Na2B407. 10H2O (381 g/mol) that should be taken to standardize an approximately 0.040 M solution of HCl if it is desired that at least 30 mL of the acid be used for the titration.


mmol HCl = 30 X 0.040 = 1.2 mmol HCl

(a)
mmol TRIS = 1.2 mmol 

mass TRIS = 1.2 mmol TRIS X 0.121 g TRIS/mmol TRIS = 0.15 g

(b)
mmol Na2CO3 = 1.2 mmol HCl X I mmol Na2CO3/2 mmol HCl = 0.6 mmol


mass Na2CO3 = 0.6 mmol Na2CO3 X 0.106 g/mmol Na2CO3 = 0.064 g

 (c)
mmol Na2B4O7. 10 H2O = 1.2 mmol HCl X 1 mmol Na2B4O7. 10 H2O/2 mmol HCl = 0.6 mmol


mass Na2B4O7. 10 H2O = 0.6 Na2B4O7. 10 H2O X 0.381 g Na2B4O7. 10 H2O/mmol Na2B4O7. 10 H2O = 0.23 g

Preparation of Standard Solutions of Base

NaOH is most common standard solution, KOH and Ba(OH)2 are also used. All are secondary standards.

The Effect of Carbon Dioxide on Standard Base Solutions 

CO2 (from the atmosphere) reacts with the hydroxides of sodium, potassium, and barium (solution or solid), producing the carbonate: 
CO2(g) + 2OH- → CO32- + H2O
Absorption of carbon dioxide by a standardized solution of sodium or potassium hydroxide leads to a negative systematic error (called carbonate error), in analyses in which a basic range indicator is used. Here, each carbonate ion (produced from two hydroxide ions) has reacted with only one hydronium ion when the indicator changes its color: 
CO32- + H3O+ → HCO3- + H2O

However, no systematic error occurs when an acidic range indicator is used. Each carbonate ion produced will have reacted with two hydronium ions of the acid:

CO32- + 2H3O+ → H2CO3 + 2H2O

The amount of hydronium ion consumed by this reaction equals the amount of hydroxide lost during formation of the carbonate ion, thus, no error occurs.

Solid reagents used to prepare standard base solutions are always contaminated by carbonate ion. However, no carbonate error occurs if the same indicator is used for both standardization and analysis. But it leads to less sharp end points. It is therefore important to remove carbonate ion before a solution of a base is standardized. 
This is done by using concentrated solutions of the base ( about 50% NaOH solution), because sodium carbonate has very low solubility in such solutions.

Water used to prepare carbonate-free solutions must also be free of carbon dioxide. Distilled water, which is sometimes supersaturated with carbon dioxide, should be boiled to eliminate the gas. The water is then allowed to cool to room temperature before introducing the base, because hot alkali solutions absorb carbon dioxide rapidly. Alternatively, deionized water is used because it does not contain significant amounts of carbon dioxide ordinarly.

Standard solutions of base should not be stored for extended periods in glass containers or glass-stoppered containers, because of the reaction between the base and glass to form sodium silicates.

Standardization of Bases

Potassium hydrogen phthalate, KHC8H4O4 (KHP), is an ideal primary standard. It is a non-hygroscopic crystalline solid with a high molar mass (204.2 g/mol). 
Other primary standards such as benzoic acid and potassium hydrogen iodate, KH(IO3) may be used.

Typical Applications of Neutralization Titrations

Neutralization titrations are used basically to determine species that possess inherent acidic or basic properties. Equally important, however, are applications that involve conversion of an analyte to an acid or base by suitable chemical treatment followed by titration with a standard strong base or acid.

Elemental Analysis

C, N, Cl, Br, F and other elements can be determined by neutralization titrations. Pretreatment converts the element to an inorganic acid or base that is then titrated.

Nitrogen 
The most common method for determining organic nitrogen is the Kjeldahl method, which is based on a neutralization titration. It (or one of its modifications) is the standard means of determining the protein content of grains, meats, and other biological materials. 
Since most proteins contain approximately the same percentage of nitrogen, multiplication of this percentage by a suitable factor (6.25 for meats, 6.38 for dairy products, and 5.70 for cereals) gives the percentage of protein in a sample. 
In this method, the sample is decomposed in hot, concentrated sulfuric acid to convert the bound nitrogen to ammonium ion. The resulting solution is then cooled, diluted, and made basic. The liberated ammonia is distilled, collected in an acidic solution, and determined by a neutralization titration.

Amine and amide nitrogen is quantitatively converted to ammonium ion. In contrast, nitro, azo, and azoxy groups are likely to yield the element or its various oxides, all of which are lost from the hot acidic medium. This loss can be avoided by pretreating the sample with a reducing agent (such as salicylic acid and sodium thiosulfate) to form products that behave as amide or amine nitrogen.

Pyridine and its derivatives, are particularly resistant to complete decomposition by sulfuric acid. Such compounds yield low results unless special precautions are taken.

Example 2

A 0.7121 g sample of a wheat flour was analyzed by the Kjeldahl method. The ammonia formed by addition of concentrated base after digestion with H2SO4 was distilled into 25.00 mL of 0.04977 M HCl. The excess HCl was then back-titrated with 3.97 mL of 0.04012 M NaOH. Calculate the percent protein in the flour.

mmol HCl = 25.00 X 0.04977 = 1.2443 mmol

mmol NaOH = 3.97 X 0.04012 = 0.1593 mmol

mmol N = 1.2443 – 0.1593 = 1.0850 mmol

% N = (1.0850 mmol X 0.014007 g/mmol)/0.7121 g X 100% = 2.1341

% protein = 2.1341%N X 5.709% protein/%N = 12.16

