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[bookmark: _GoBack]Purpose:
To use the technique of Gravimetric Analysis to find the amount of chloride content in the unknown salt substance given.
Theory:
	A typical method for accelerating a chloride particle is by addition of a silver particle, to make silver chloride. The reaction is as follows:
	Ag+(aq) + Cl-(aq) → AgCl(s)
Solid silver chloride (AgCl(s)) is very insoluble; however, its low solubility can be expressed by:
	AgCl(s) → Ag+(aq) + Cl-(aq)				Ksp = 1.6x10-10
Silver chloride is in chemical equilibrium with its particles, despite the fact the KSP(change in word) is so little to be expressed as insignificant. when AgNo3 is combined to a solution consisting of Cl- , a spontaneous is observed and the Ag+ and Cl- will accelerate out quickly as AgCl(S) , until all the Cl- is consumed.	
	This precipitation reaction of silver chloride occurs spontaneously, which results in causing other ions or precipitates to exit during precipitation. For instance, a weak acid such as carbonate (carbonic acid) could form a precipitate with excess silver ions, resulting in the mass of precipitate being higher, therefore altering the calculations. To avoid any excess ions interfering with this  reaction is to allow precipitation to accomplish slow as possible in the presence of acid solution. The acid transitional helps  prevent co-precipitation. 
	Such speedy precipitation result in producing very small particles of silver chloride , known  as colloid. To create it into a more definite form, the precipitate has to be warmed and mixed gently in the presence of nitric acid.
		Ag+(aq) + Cl-(aq) + heat → AgCl(s)
	The nitric acid prevents the precipitate from reverting back to a colloid state. If the sample was to re-colloid, it would easily wash right through the filter, resulting in lowering the analytical results. 	
	When the precipitate is dried, the silver and chloride can be parted by simply being in the presence of light, as shown in the below equation.  
Once the precipitate is dried, the silver and chlorine can be separated by simply being in the presence of light, illustrated in the below equation:
		AgCl(s) → Ag(s) + Cl2(g) 
This decomposition happens quite quickly in strong light; however, it mostly occurs on the surface of the precipitate because its opaqueness protects all the material below the surface.
	If there are excess silver ions during the decomposition, another reaction may occur:
		3Cl2(g) + 3H2O(l) + 5Ag+(aq) → 5AgCl(s) + ClO3-(aq) + 6H+(aq)
In this reaction, some of the chloride ions (Cl-) become chlorate ions (ClO3-), resulting in less precipitate, causing poor analytical results.
	Prior to the formation of the precipitate, the unknown chloride salt was first dissolved in 100 mL of water before subsequently adding the silver. This method is effective because though the precipitate is fairly insoluble in water, small traces of AgCl residue can still dissolve due to the small solubility constant that the precipitate does have. 
	Ksp = [Ag+][Cl-] = 1.6x10-6 
	[Ag+] = [Cl-] = (1.6x10-10)1/2 = 1.3x10-5 mol/L = 1.3x10-6 mol/100mL
	MW AgCl = 143.321 g/mol
	m lost = (1.3x10-6 mol/100mL)(413.321 g/mol)
	           = 1.9x10-4 g/100mL
Thus, 1.9x10-4 g of the precipitate is lost by washing with 100 mL of distilled water. This value is extremely small and thus is negligible as it would not impact the final mass of the precipitate. 
	There is a possibility that other cations in the solution could form precipitates with the chloride, such as potassium or sodium:
		K+(aq) + 2Cl-(aq) + Ag+(aq) → AgCl(s) + KCl(s)
		Na+(aq) + 2Cl-(aq) + Ag+(aq) → AgCl(s) + NaCl(s)
This co-precipitation would affect the results differently, depending on the weight of the other precipitates.
Procedure: 
The unknown salt sample was acquired, as well as a clean, dry, and cooled glass filter crucible. Using an analytical balance, 0.1021 g (±0.0001 g)of the salt sample was weighed out by difference into a clean 250 mL beaker. Next, 100 mL of distilled water and 1mL of 6M nitric acid (HNO3) were added to the beaker and stirred until the salt sample had dissolved completely. Approximately 20.8 mL of 0.1M silver nitrate (AgNO3) was also added and stirred gently .
		In the mean time being stirred, the prepared solution was then slowly heated to a temperature slightly below the boiling point. A couple of drops of AgNo3 were added in order to verify the fullness of precipitation of the AgCl. once the reaction had occurred and no further precipitate became visible, then the precipitation reaction was determined to be complete;  if more precipitate did become visible after combining AgNo3, then the precipitation reaction was assumed to be incomplete. Once reaction was complete, the mixture was placed in a drawer to prevent exposure to light, also preventing further coagulation.
	The glass filter crucibles were weighed using an analytical balance, and direct contact with the crucibles was avoided at all times, this was done by using paper towels or tongs to hold them instead. The mixture was then decanted through the glass crucibles using vacuum filtration apparatus. A couple of  millilitres of 0.01M HNO3 were added to the precipitate remaining in the beaker, then was gently stirred  and decanted once more through the sintered glass filter – this was repeated three times. Again, the precipitate was 
	The glass crucible filter with the precipitate was removed from the vacuum filtration apparatus, and was heated in an oven at 110°C for 30 minutes, and was then let to cool for approximately 5 minutes, and was weighed on an analytical balance. This process was conducted until a constant weight was obtained.
Data observations 
The sample number obtained was 357. It was a light purple colour, solid, and found in small, coarse chunks. The precipitates were white in colour, and were in small, finer solid pieces than the salt sample

Two trials were done on this salt sample. When testing for the completion of precipitation, an additional 1.3 mL of AgNO3 was added to the first trial, and an additional 6 mL was added to the second. When checking for the completeness of the washings, no extra HCl needed to be added for either trial.










	
	Values
	Partners Values

	Sample Mass 
	0.1021 ± 0.001 g
	0.1021 ± 0.001 g

	Required AgNO3
	20.81 ± 0.2 ml
	20.81 ± 0.2 ml

	Crucible Mass
	31.2648
	32.6482

	Mass Crucible with Precipitate
	31.4798
	32.8672

	Mass Precipitate
	0.215
	0.219

	Oven Temperature
	110 °C
	110 °C

	Time precipitate in oven
	30 min
	30 min 

	 Precipitate cooling time
	10 min
	5 min

	 Mass Cl-
	0.053299 ± 0.0000244 
	0.054274 ± 0.0000248 

	% Cl- by Weight
	52.1  ± 0.1876%
	53.1 ± 0.0.1843%

	Average Cl- % by weight of two trials
	52.6 %

	% Error	
	5.57 %

	Relative Spread
	19.01 ppt

	Accepted Value 
	55.7 %









Calculations:
	1. Volume of 0.1 M AgNO3 required:

	
           


15.8 mL + 5.0 mL = 20.8 mL

	
2. Percentage uncertainty :

Trial 1					



mol





Uncertainty of the mass


 0.0000244 g 

Trial 2










Uncertainty of the mass


 0.0000248 
3. Percent chloride in sample:
	Trial 1
 

 g

Moles of Cl-  = moles of AgCl = 0.001500 g


		
		 

  



Uncertainty of percent chloride 


Trial 2
 

 g

Moles of Cl-  = moles of AgCl = 0.001528 g



		
		 

  


Uncertainty of percent chloride 




4. The average of the two trials:
Average = 
            =  
               = 52.6 %


5. The relative error of the average between the two trials:
Percentage error =  x 100
		        =  x 100
		        = 5.57 %

6. The relative spread:
    x 1000
=  x 1000
= 19.01 ppt
Discussion
	The results for both trials were a slightly lower than the accepted value of percentage chloride in the salt sample. The results obtained from trail one were low because as the sample was being weighed out by difference, some of the salt was spilled, resulting in slightly less salt than what was recorded. The breaker was exposed to light for a longer periods of time resulting the chloride ions to react, becoming soluble chlorite ions. If the precipitate was not washing with 0.1M HNO3 which would have caused a higher result. In the second trial, a substantial amount of AgNO3 was mixed with the solution to check the completeness of precipitation. This was likely due to human error, hence the amount of HNO3 added to dissolve the salt sample was not measured correctly, making it possible for co-precipitates to form. 
	The percent error that was calculated was about 5.57 %, which shows and the experiment was done accurately with less errors. When weighing the crucible, the scale might be not be correctly calibrated  after weighing by difference causing the mass the crucible to be low or high. This might have a slight error on the results. 
Conclusion
The percentage chloride by mass in the salt sample was calculated to be an average of 52.6% between the two trials, and the accepted value for that specific sample was 55.7%. The percentage uncertainty for the value obtained in trial one  was ± 0.1876 %  and for trial two it was ± 0.8143 % . The percent error that was calculated was 5.57 %. The relative spread was 19.01 ppt. 
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