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Title: Standardization of bench hydrochloric acid

Aim: To determine the molarity of bench hydrochloric acid

Chemicals and Apparatus: 

250cm3 sodium carbonate solution of about 0.05M, diluted 10 times of bench hydrochloric acid, methyl orange, conical flasks, burette, pipette and pipette filler.

Method:

Standardization of a solution of unknown molarity means to determine its molarity.

Hydrochloric acid is a strong acid, which can react with sodium carbonate by the following balanced equation:
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2HCl + Na2CO3          2NaCl + H2O + CO2

We will determine the concentration of the bench hydrochloric acid, which was about 1M, but had been diluted 10 times before the experiment, by titration against a standard sodium carbonate solution.

Procedures:

1. The burette was rinsed with the diluted hydrochloric acid solution and filled with the same solution. The initial reading of the burette was recorded in the “Trial” column of the results table.

2. The pipette was rinsed with some water then with some of the sodium carbonate solution and then carefully transferred 25.0cm3 sodium carbonate solution to a clean 250cm3 conical flask.

3. 2~3 drops of methyl orange indicator solution was added.

4. The diluted hydrochloric acid solution was run from the burette into the flask, with swirling; the solution was just turned to pale orange. Then the final burette reading was recorded.

5. The burette was filled by the diluted hydrochloric acid solution and the initial reading of the burette was recorded again.

6. 25.0cm3 sodium carbonate solution was transferred to another clean conical flask by means of pipette and pipette filler. 2~3 drops of methyl orange indicator solution was added to the solution.

7. Sodium carbonate solution was added drop by drop so as to carefully titrate the solution.

8. Steps 5, 6, 7 were repeated three times.

9. Burette, pipette and conical flasks were washed after titration.

Data and Observations:

1. Both diluted hydrochloric acid solution and sodium carbonate solution were colourless.

2. After adding 2~3 drops of methyl orange indicator, the sodium carbonate solution turned pale yellow.

3. The sodium carbonate solution did not have colour change even some hydrochloric acid had run into the sodium carbonate solution. It was only after the end point had reached that the solution changed to pale orange.

Results:

The following data was obtained after doing the experiment:

	Run
	Trial
	1
	2
	3

	Final reading (cm3)
	34.30
	23.05
	29.25
	46.00

	Initial reading (cm3)
	7.70
	0.55
	6.80
	20.10

	Volume of HCl used (cm3)
	26.60
	22.50
	22.45
	25.90

	
	(rejected)
	
	
	(rejected)


	Average volume of HCl used =
	22.50 + 22.45
	= 22.48 cm3

	
	2
	


No. of moles of diluted HCl = (0.0565)(2)(0.025) = 0.002825

	Molarity of diluted HCl =
	0.002825
	= 0.126 M (to 3 sig. fig.)

	
	22.48 / 1000
	


Concentration of diluted HCl = (0.126)(1+35.5) = 4.60 gdm-3
Concentration of bench HCl = (1.26)(1+35.5) = 46.0 gdm-3
Discussions:

Terminology

Titration is a process in which a standard reagent is added to a solution of an analyte until the reaction between the analyte and reagent is judged to be complete.

The end point is the point in the titration when a physical change, changes of colour, which is associated with the condition of chemical equivalence, occurred. 

The equivalence point in the titration is reached when the amount of added titrant is chemically equivalent to the amount of analyte in the sample.
Choices of indicators

Most chemical acid-base indicators work on the principle of a slightly ionizable weak organic acid whose ionizable hydrogen can be pulled off by a slight excess of base. What makes these indicators good indicators is their ability to change colour at or near the equivalence point of a titration. For example, phenolphthalein is a complex organic weak carboxylic acid, which is colorless in the un-ionized molecular form. However, if a base molecule comes along and pulls the acidic proton off the molecule, then the resulting negative anion called the phenolphthalate ion has one extra electron as a result of the hydrogen being pulled off as a H+ ion. The anion's electronic structure increases the conjugation so that it begins to absorb at a longer wavelength. The absorption characteristics are such that the anion absorbs into the blue end of the visible spectrum, which is of longer wavelength than the ultra-violet region. That means it will transmit light from the red end of the visible part of the spectrum. That is why phenolphthalein appears red (or pink depending upon concentration) in a basic solution. In short, an indicator, which is a weak acid and has a different colour in the unionized form than in the ionized form, changes colour at the end-point of the titration. It must be able to identify the equivalence point of the titration but not necessarily the point at which the solution has a pH of 7.

Methyl orange, which has a working pH range of 3.2- 4.2, is used since it is suitable for strong acid-weak base titration. Phenolphthalein of working pH range of 8.2- 10.0 is not used since it is suitable for strong base-weak acid titration. Litmus is not used since the colour change at the end point is not sharp and difficult to detect.

Possible errors

When looking at the reading of the burette, error may be appeared due to not knowing to detect the meniscus, as shown in the diagram, in a horizontal level.

Conical flask should be rinsed with clean water only in order to remove the impurities, which may affect titration results; however it should not be rinsed with sodium carbonate solution since it would affect the number of moles of the solution.

Burette and pipette were rinsed with water thoroughly and then the solution so that the molarities inside these apparatus would be close to the solution rinsed. Bubbles should not be appeared in the apparatus, which may affect the result of experiment 

Diluted bench hydrochloric acid is used is to reduce the percentage error.


Since the judgement of colour change of the indicator is quite subjective and hard to determine the exact nature of colour, hence the result may vary due to the vision uncertainty. Therefore, other methods of end-point detection should be used.

Alternatives for end-point detection

They are alternative methods for end-point detection, for instance, pH meter, measurement the temperature change or electrical conductivity when the end-point has reached.

pH meter is a highly sensitive device for the measurement of pH value, i.e. the concentration of hydrogen ions. It can be achieved by observing the sudden drop of pH value, e.g. from pH 8 to pH 3, that means the end-point has reached.

Since the neutralization is the exothermic reaction, equivalence-point can be detected by sudden increase of the temperature of the reaction mixture. However, this method will only be appropriate when large number of moles of reactants is used because vast amount of heat will be produced. This kind of titration is known as thermometric titration.

Equivalence point can also be detected by means of changes of electrical conductivity. At the beginning of the titration, it has high electrical conductivity due to the presence of mobile ions in the solution; however, the conductivity decreases rapidly as the acid added which is due to the formation of water and carbon dioxide molecules, which are not carrying charges. The conductivity drops until the equivalence point has reached. Then the electrical conductivity will rise again if extra acid is added due to the dissociation of the acid molecules. This type of titration is called conductometric titration. However, it has one limitation that there is a difference in conductivity between the reactants and products. 
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