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PURPOSE:
To determine quantitatively the content of chloride in an unknown soluble salt by the technique of gravimetric analysis.
THEORY:
The reaction equation of precipitate chloride ion by silver ion is 
Ag+(aq) + Cl-(aq) → AgCl(s)   
The Ksp of AgCl is
Ksp = [Ag+(aq)] * [Cl-(aq)]  = 1.6 x 10-10
and the solubility of AgCl in water is 
Ksp = [Ag+(aq)] * [Cl-(aq)]  = 1.6 x 10-10
[Ag+(aq)] * [Cl-(aq)]  = 1.6 x 10-10
  [x] * [x] = 1.6 x 10-10
x = 1.3 x 10-5 moles per litre
The precipitate is precipitated through a acid media that is with nitric acid to prevent peptization. Peptization is a process in which the silver chloride is precipitated as a colloid due to the rapidity of the precipitation. 
The colloid precipitate is coagulated by heating and gently stirring the suspension so as make the precipitate into a proper crystalline form. This ensures that the precipitate is filtered and collected in the crucible    
Photodecomposition is the decomposition of a chemical compound due to the presence of light energy or photons. Photodecomposition of AgCl in air would cause the analytical results to be low because during decomposition chlorine gas is released.
The amount of precipitate that is lost by washing with 100 ml distilled water is
(100 mL) (1.3 x 10-5 g/mL) = 1.3 x 10-3 g 
Therefore, (1.3 x 10-3 g / 0.2816 g) * (100%)  = 0.46% 
There are a lot of ions that can co-precipitate with chloride ion. Examples of two such ions would be CO32- and NH4+. 
PROCEDURE:
An unknown salt sample was obtained and its code number was recorded. The experiment was carried out simultaneously with two masses, each sample weighing about 0.1000 to 0.1050g. Using an analytical balance, accurately weighted out by difference a sample of about 0.1132g for the first mass and a sample of about 0.1474g for the second mass of the unknown salt into a 250 mL beaker. Calculated the volume of 0.1 M AgNO3 needed for the precipitation. Next added 100 mL of distilled water and 1 mL of dilute 6 M HNO3 to the unknown salt sample in the beaker. The solution was stirred with a glass stirring rod until the salt was dissolved. The calculated quantity of 0.1 M AgNO3 was added to the solution with gentle stirring. The calculated volume for both the masses was approximately 23mL and 28mL respectively. The suspension was heated and gently stirred almost to a boil. A few drops of silver nitrate were added to the supernatant liquid to check for the completeness of the precipitation. The mixture was stored in a dark place and a vacuum filtration apparatus was set up. Two clean and dry sintered glass filter crucibles was obtained from a 110°C oven and placed them in a desiccator to cool for approximately 20 minutes. The cooled sintered glass crucibles were accurately weighted to four decimal places. The supernatant liquid was decanted through the weighed sintered glass filter and several millilitres of 0.01 M HNO3 was added to the precipitate in the beaker. The washings were swirled gently and then decanted through the filter. The HNO3 washing was repeated by transferring the precipitate and washings quantitatively onto the filter. The washing was continued until the filtrate was essentially free of silver ion. The washings were tested for completeness by collecting the washings in a test tube and adding a few drops of HCl to detect any remaining silver. The precipitate was heated with the crucible at 124°C for about 15 minutes. The precipitate and the crucible were cooled and then weighed for two readings.   
OBSERVATIONS:
Table 1: Physical Description of the Salt Sample and the Precipitate
	
	Sample Number
	Color
	Shape

	Unknown salt sample
	351
	Pure white
	Fine powder

	Precipitate
	-
	Very light pink
	Not fine powder – very small granules



For the test of the completeness of precipitation, it was observed that the precipitation was complete when there was no formation of silver chloride as silver nitrate was added to the supernatant liquid. And for the washings, it was observed that when the washings were complete, there was no turbidity when HCl was added to the washings
DATA:
Table 2: Weight of the Salt Sample and the Precipitate
	
	Weight (g)
± 0.0001
	Oven temperature (°C)
±0.2
	Drying Time
 (min) 
	Cooling Time (min)

	Unknown salt sample
	Mass 1 = 0.1132
Mass 2 = 0.1474
	-
	-
	-

	Precipitate
	Mass 1 = 0.2816 
Mass 2 = 0.3435
	104
104
	30
20
	15
5



CALCULATIONS:
Volume of 0.1 M AgNO3 for Mass 1 = 0.1132g x 0.55 = 0.06226g
                                                           = (0.06226g) / (35.5g/mol) = 0.00175mol
                                                           = (0.00175mol) / (0.1mol/L) = 0.0175 L 
                                                           = 0.0175 L = 17.5mL
                                                           = 17.5mL + 5mL = 22.5mL = 23mL
Therefore, the amount of AgNO3 required is approximately 23mL.
Volume of 0.1 M AgNO3 for Mass 2 = 0.1474g x 0.55 = 0.08107g
                                                           = (0.08107g) / (35.5g/mol) = 0.00228mol
                                                           = (0.00228mol) / (0.1mol/L) = 0.0228 L 
                                                           = 0.0228 L = 22.8mL
                                                           = 22.8mL + 5mL = 27.8mL = 28mL
Therefore, the amount of AgNO3 required is approximately 28mL.
Moles of AgCl for Mass 1 = (0.2816g) / (107.87g/mol + 35.45g/mol) 
                                           = 0.00196mol
Moles of Cl for Mass 1 = Moles of AgCl for Mass 1 = 0.00196mol 
Mass of Cl for Mass 1 = 0.00196mol x 35.45g/mol 
                   = 0.0697g
Percentage of Cl for Mass 1 = (0.0697g / 0.1132g) x 100%
                            = 61.53% 
Moles of AgCl for Mass 2 = 0.00240mol
Moles of Cl for Mass 2 = Moles of AgCl for Mass 2 = 0.00240mol 
Mass of Cl for Mass 2 = 0.0850g
Percentage of Cl for Mass 2 = 57.64% 
Percentage of Uncertainty for Mass 1 = (0.0001g / 0.0697) x 100
                                                             = 0.14%
Percentage of Uncertainty for Mass 2 = (0.0001g / 0.0850g) x 100
                                                             = 0.12%
Average of the two trials (Chloride percentage) = (61.53% + 57.64%) / 2 
                                                                            = 59.59%
Accuracy / Relative Error = [(59.59 – 57.87) / 57.87] x 100%
                                          = 2.96%
Precision / Relative Spread = [(61.53 - 57.64) / 59.59] x 1000
                                            = 65.28ppt                       
DISCUSSION:
The calculated chloride percentage is higher than the real value. This could have been caused due to certain random and systematic errors. One of them could have been, absorption of moisture by the salt during the initial weighing. This can affect the results because when moisture is absorbed, it can increase or decrease the weight of a chemical causing to have inaccurate measurements of mass. Another reason could have been due to the loss of some precipitate when filtering or not getting a complete reaction, or some of chloride not being completely precipitated due to solubility or conditions of the experiment. A third reason could be photodecomposition. The supernatant liquid was stored away in a dark place so that it wouldn’t react with light. But decomposition from light had taken place because there was a slight colour change in the liquid indicating the reaction. Photodecomposition in the presence of excess silver ion in aqueous solution causes analytical results to be high since the mass of the precipitate is increased by the chlorine gas converting back to AgCl and solid silver produced from decomposition remaining in the precipitate All of this could have caused the errors in the calculation. And lastly the drying time, that is the time the precipitate is kept in the oven was probably not enough for the precipitate to completely dry. This means that there could have been water present in the precipitate which could also affect the final mass measurement and thus the calculations that follow.     
CONCLUSION:
The sample number of the unknown salt sample was 351. The percentage chloride obtained through calculations was 59.59% whereas the real value of the sample was 57.87%. The percentage of uncertainty for my calculation was 0.14% whereas the percentage of uncertainty for my partner’s calculation was 0.12%. The relative error was 2.96%. The calculated relative spread was 65.28ppt.
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