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Purpose
To determine the quantitative amount of chloride within an unknown soluble salt sample using silver nitrate as the precipitating agent.
Theory
Ag+(aq) + Cl-(aq)  AgCl(s)
1. The silver and chloride ions combine to create the ionic compound known as silver chloride. 
2. AgCl is very insoluble in water meaning it is perfect for analytical procedures. The value of the constant Ksp describes how the compound dissociates in water. For example, the higher the Ksp the more soluble the compound is. The low solubility of the silver chloride means that very little of the precipitate is left in the aqueous solution.
3. The precipitate is washed in nitric acid to prevent peptization which is the reversion from coagulate to colloidal state.
4. The solution is heated and stirred gently to promote the coagulation of the precipitate into a more crystalline form which is less likely to pass straight through the filter paper.
5. AgCl(s)  Ag(s) + ½ Cl2(g) 
Silver chloride decomposes into silver and chlorine in the presence of light. This causes the mass to decrease as chlorine gas in released and provides incorrect results.
3Cl2(g) + 3H2O(l) + 5Ag+(aq)  5AgCl(s) + ClO3-(aq) + 6H+(aq)
If the photochemical decomposition occurs in the presence of excess silver ion in aqueous solution, it causes the results to be high as the chlorine gas converts back into AgCl and solid silver.
6. Rinsing with water causes some of the precipitate to be lost because some of the unwanted ions are removed after the rinse. 
Ksp= 1.6 x 10-10mol/L (0.100 L) = 1.6 x 10-11moles
1.6 x 10-11 moles (143.32 g/mole) = 2.3 x 10-9g of precipitate lost
So, there is 2.3 x 10-9g of precipitate lost when washed in 100 mL of water. 
7. Hg+ and Pb2+ ions are insoluble and will co-precipitate with the chloride ion which would have a slight change in the end product where they will be higher because the precipitate has increased.

Procedure
To begin the experiment, an unknown salt sample was obtained from the TA. Its code number of 357 was recorded and the vial was kept at the workbench for the remainder of the lab. 0.1156g of the salt was weighed by difference and placed into a clean 500mL beaker. 100mL of distilled water along with 1mL of HNO3 was added to the beaker containing the salt, and the solution was stirred with a glass stirring rod until it was completely dissolved. The volume of 17.91mL + 5mL was calculated for AgNO3 and slowly added to the beaker while constantly stirring. The solution was continually stirred while being heated to almost boiling. A few drops of AgNO3 was added to the solution to check to see if any more AgCl appeared. A filtration apparatus was then setup and a 50mL beaker with a filter paper weighed using an analytical balance. The supernatant liquid was then decanted through the funnel and the precipitate washed with HNO3 and decanted again. The precipitate was then quantitatively transferred to the filter paper and a wash bottle was used to get all of it from the beaker. The washings were repeated until it was free from silver ions. This was determined by collecting a small sample in a test tube which was then tested for any remaining silver by adding a few drops of dilute HCl obtained from the TA. If there were some remaining ions in the solution, it would have turned murky in appearance but this was not the case when carrying out this experiment. The precipitate was then washed 3 more times with 5mL portions of acetone and the acetone disposed in the organic waste bucket. The filter paper was then removed from the Buchner funnel and placed back into the 500mL beaker. The beaker was then placed in the back corner of the oven for 22 minutes set at 76⁰C. The beaker was too big to fit in the 250mL beaker holders because a 500mL beaker was mistakenly used. The precipitate and glassware cooled down for 5 minutes and the final mass was taken using an analytical balance.

Observations
The appearance of the salt sample #357 was a fine, white powder with some moisture induced clumps within the vial.
When testing for completeness of precipitation using the AgNO3, no more precipitate was eing formed so no more was added after the first trial. When testing for any remaining silver ions in the washings using dilute HCl, no turbidity was observed meaning that all of the precipitate possible had already formed.
The colour of the precipitate at first was observed to be an off-white but as the experiment continued, it began to have a light purple tinge which was caused by exposure to light and thus underwent photodecomposition. The precipitate was in small, irregular, dense clumps of varying sizes with rounded edges and small dimples in some areas.

Data

	Table 1: Recorded Data
	Mass of Salt Sample (g)        +/- 0.0001g
	Precipitate Mass (g)                        +/- 0.0001g
	Oven Temp. (⁰C)           +/- 0.2⁰C
	Time in Oven (min)
	Time Cooling (min)

	Eric’s Data
	0.1156
	0.2487
	76
	22
	5

	Sean’s Data
	0.1430
	0.2972
	76
	23
	5



Calculations

AgNO3 needed = (0.1156g +/- 0.0001g) (0.55)     (1000) + 5mL
                                  (35.5g/mol) (0.1mol/L)

                           = 17.91mL + 5mL
                           = 22.91mL +/- 0.02mL (Eric)
                           = 27.15mL +/- 0.02mL (Sean)
[bookmark: _Hlk23341043]% Cl AgCl = molar mass Cl       × 100 %
                   molar mass AgCl    
% Cl AgCl = 35.45     × 100 %
                    143.4
% Cl AgCl = 24.72 %

Cl mass = (AgCl mass) (0.2472)
Cl mass = (0.2487) (0.2472)
Cl mass = 0.06148g (Eric)
Cl mass = 0.07347g (Sean)






% Cl salt = Cl mass     (100%)
                  salt mass
% Cl salt = 0.06148   (100%)
                    0.1156
% Cl salt = 53.18% (Eric)
% Cl salt = 51.38% (Sean)

%unc Cl mass = ((2)0.0001/0.2487)(100%)
%unc Cl mass = +/- 0.08042% (Eric)
%unc Cl mass = +/- 0.06729 (Sean)

%unc Cl salt = (0.08042%)+(0.0001/0.1156)(100%)
%unc Cl salt = +/- 0.1669% (Eric)
%unc Cl salt = +/- 0.1372% (Sean)

Average Cl % = (Trial 1)+(Trial 2)/2
Average Cl % = (53.18)+(51.38)/2
Average Cl% = 52.28%

% error = average experimental−actual     (100%)
                                    actual
% error = 52.28−55.79    (100%)
                       55.79
% error = −6.291 %
 
relative spread = high value – low value   (1000ppt)
                                          average
relative spread = 53.18 – 51.38    (1000ppt)
                                     52.28
relative spread = 34.43ppt







	Table 2: Calculations
	Trial 1 (Eric)
	Trial 1 Uncertainties
	Trial 2 (Sean)
	Trial 2 Uncertainties

	AgNO3 needed
	22.91mL
	+/- 0.02mL
	27.15mL
	+/- 0.02mL

	%Cl in AgCl
	24.72%
	-
	24.72%
	-

	Cl Mass
	0.06148g
	+/- 0.08042%
	0.07347g
	+/- 0.06729%

	%Cl in Salt
	53.18%
	+/- 0.1669%
	51.38%
	+/- 0.1372%

	Average Cl %
	52.28%
	-
	-
	-

	% Error
	-6.291%
	-
	-
	-

	Relative Spread
	34.43ppt
	-
	-
	-




Discussion
The results of the gravimetric analysis are lower than the expected value. The actual chloride content of the salt was 55.79% however trial 1 was calculated to be 53.18% while trial 2 was 51.38%. Both trials are lower than the expected value which could be due to a few different factors. 
By the end of the experiment, the precipitate had a very clear, slightly purple tinge which meant that it had undergone photodecomposition to some degree. This means that some of the chlorine ions on the outside of the precipitate were released as chlorine gas before the final mass was obtained (Archer et al., 2013). This would alter the true mass in a negative way as ions were lost. 
When the precipitate was being transferred from the beaker to the funnel, a wash bottle full of distilled water was used to dislodge any particulates remaining in the beaker. This could have caused the precipitate to revert into a more colloidal state. This process is known as peptization and an unknown portion of the mass could have passed through the filter paper.
During the process of transferring the filter paper with the precipitate back into the beaker, some small pieces of precipitate could have been lost due to improper techniques. The transferring process needed to be very delicate and executed with perfect precision. It was transferred to a larger beaker than the experiment called for but still was tricky to not spill a single particle during the process.
When the solution was tested for full precipitation, only the human eye was responsible for deciding if the process was complete. This leaves room for error as it is not 100% known if the process is complete. No more precipitate was observed to be created but only the solution itself is aware of any remaining chlorine and silver. There is a possibility some of the precipitate was overlooked.

Conclusion
[bookmark: _GoBack]The chloride salt sample #357 was tested to find the chloride content using gravimetric analysis. The average Cl % found in the experiment was 52.28% compared to the actual value of 55.79% meaning that the error was 6.291% and the relative spread was 34.43 ppt. There were a few errors made while completing the procedure that lead to some errors in final values that could be corrected in order to get more accurate results.
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