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Purpose
The purpose of this experiment was to quantitatively determine the Chloride content of an unknown soluble salt, using gravimetric analysis.

Theory
The reaction between precipitate chloride ions and silver ions is demonstrated by Ag+(aq) + Cl(aq)  AgCl(s). For every mole each of aqueaous silver and chloride ions, one mole of solid silver chloride is produced. This reaction is assumed complete because silver chloride has a very low solubility, so once it has been formed, very little of it will dissolve into water. Its solubility factor is equal to Ksp = 1.6 x 1010, which expresses how miniscule the solubility of silver chloride is (Laboratory Manual, 2014).  When dissolved in 100 mL of water, the mass that is lost can be found using the solubility factor. 
Ksp = [Ag+][Cl-] therefore [Ag+]=[Cl-]
When Ksp=x2 ,     x=[Ag+]=[Cl-] 
Ksp of AgCl=1.6x10-10=x2  
1.2649x10-5=[Ag+] # of moles of AgCl= 1.26x10-5mol mw of AgCl=143.32 g/mol
Mass lost when dissolved in 100 ml= (nAgCl)(mwAgCl)(0.1)
Mass lost =(1.26x10-5mol)(143.32 g/mol)(0.1)
Mass lost=(1.81x10-4g)
The smaller the Ksp value is, the lower the solubility of a substance will be. The speed of the precipitation allows insufficient time for the silver chloride to form proper crystals and, therefore, precipitate as a colloid; a particle that is larger than typical molecules but is still not seen with an optical microscope. When mixed with a second substance, colloids can uniformly disperse throughout it creating a colloidal suspension, and will then coagulate (Burk et al, 2013). Coagulation is the result of particles moving in a space independently of each other, according to Brownian motions, as long as the particles are at a greater distance than ‘X’. When the particles come closer than the specific distance of ‘X’, they will stick together to form a double particle (Lang and Xuan Xanh, 1980). Heat and gentle stirring, of the solution in the presence of nitric acid, promotes the coagulation of precipitate into a more crystalline form that makes it less likely for it to pass through filter paper (Laboratory Manual, 2014).  The rapid precipitation may lead to the co-precipitation and capture of unwanted ions in the colloidal matter.  In the presence of water, silver nitrate and nitric acid will each dissolve into their separate ions through the following reactions, AgNo3(s)  Ag+(aq) + NO3-(aq) and HNO3(aq)  H+(aq) + NO3(aq) , respectively. When dry silver chloride is exposed to light it will decompose into its ions in the following reaction, AgCl(s)  Ag(s) + ½ Cl2(g), that can be identified by the violet colour that is acquired by the precipitate as result of the accumulation of finely divided silver (Laboratory Manual, 2014).  This photodecomposition of silver chloride, in air, will cause the analytical results to be very low due to the release of chlorine gas, therefore it is very important to keep the precipitate exposed to light as little as possible. The process of photodecomposition may also happen in the presence of excess silver ions in the aqueous solution, in which case there is an additional reaction of 3Cl2(g) + 9H2O(l) + 5Ag+(aq)  5AgCl(s) + ClO3-(aq) + 6H3O+(aq) (Laboratory Manual, 2014). This photodecomposition reaction causes the analytical results to be high due to the increased mass of precipitation when chlorine gas is converted back into AgCl and the produced solid silver, from the decomposition, remains in the precipitate.  

Procedure
An unknown salt sample was obtained and its sample number was recorded to be 353. Using an analytical balance, a sample for each of the two trials, weighed by difference at 0.1464g and 0.1118g, were put into their respective beakers labelled trial 1 and trial 2. 100 mL of distilled water and 1 mL of dilute 6M HNO3 was then added to the beakers and stirred with a glass rod until completely dissolved. While continuing to stir the solution, 27 mL of 0.1M AgNO3 was added. The solution was then heated and gently stirred almost to boiling point, being careful that the solution did not boil. The solution was checked for completeness by running a couple drops of silver nitrate down the side of the beaker and into the liquid.  When no additional silver nitrate was formed during the test, the mixture was stored into a dark place. As the solution cooled, the cooled sinter glass crucibles were weighed and a vacuum filtration was set up. The supernatant liquid was then decanted through the weighed sintered glass filter, leaving the solid precipitate in the beaker. The rest of the solid precipitate was washed out of the beaker into the filter using 0.01 M HNO3. The precipitate was then washed again by pouring a few millilitres of 0.01 M HNO3 over the precipitate in the crucible. The crucible was then removed from the vacuum filtration device, and the vacuum collection flask was cleaned by emptying the liquid, and rinsing the flask several times using a wash bottle containing distilled water. Once the flask was cleaned, the flask was reconnected to the retort stand, and the crucible was replaced on top of the vacuum filtration set up. The precipitate was washed with 0.01M HNO again by pouring several millilitres of it over the precipitate in the crucible. The only liquid in the collection flask at that point was the aliquot of HNO3. The flask was then disconnected again and the collected HNO3 was poured into a test tube; the nitric acid was tested with HCl to observe any turbidity. When no turbidity was observed, the filtration apparatus was reconnected. The precipitate was washed with three 5 mL portions of acetone. The filtration apparatus was then disconnected and the collected acetone was poured into a large beaker; this beaker was properly disposed of. The precipitate and crucible were dried in an oven at 110° for 30 minutes, and then cooled in a desiccator for 5 minutes. After the allotted time, insuring that the crucible was not still hot, the crucible with precipitate was weighed using an analytical balance. The weights of each sample were recorded with their respective trials.






Observations

Table 1: Qualitative observations of AgCl precipitate reaction
	Sample Number
	Sample Color and Shape
	Completeness of precipitation test 
	Completeness of washing test 
	Color and shape of precipitate 

	353
	White- granular substance
	No precipitate was formed when AgNO3 was added
	No turbidity was observed when HCl was added
	White-violet. Small, condensed crystal like substance




Data
Table 2: Quantitative data of before and after precipitate reaction
	
	Trial 1 (g)
	Trial 2 (partner data) (g)

	Sample mass of Chloride salt
	0.1464 ± 0.0002
	0.1118 ± 0.0002

	Mass of crucible
	28.3216 ± 0.0001
	28.2314 ± 0.0001

	Mass of crucible and precipitate after heated for 23 min at 97.5oC and cooled for 5 minutes
	28.6436 ± 0.0001
	28.4224 ± 0.0001


	Dried precipitate mass
	0.322 ± 0.0002
	0.191 ± 0.0002



Calculations
1. Amount of AgNO3 required [sample 56.41% Cl by mass] 
Volume of 0.1 M AgNO3={[mass of sample x %Cl]/[molar weight]}/0.1 M +5ml

Trial 1:
Volume = (0.1464g +/- 0.0002g)(0.5641)(1/35.5 g/mol)(1/0.1 M) + 5ml
=(0.1464g +/- [0.0002g/0.1464g x100%])(0.5641)(1/35.5 g/mol)(1/0.1 M) + 5ml
=(0.1464g +/- 0.1366%)(0.5641)(1/35.5 g/mol)(1/0.1 M) + 5ml
=23.26 ml +/- 0.1366% +5ml
=28.26 ml +/- 0.14%
Trial 2:
Volume = (0.1118g +/- 0.0002g)(0.5641)(1/35.5 g/mol)(1/0.1 M) + 5ml
=(0.1118g +/- [0.0002g/0.1118g x100%])(0.5641)(1/35.5 g/mol)(1/0.1 M) + 5ml
=(0.1118g +/- 0.1789%)(0.5641)(1/35.5 g/mol)(1/0.1 M) + 5ml
=17.77 ml +/- 0.1789% +5ml
=22.77 ml +/- 0.18%

2. Percent Chloride in unknown salt 
Trial 1: 
Moles Cl-= (mass AgCl)/(mw AgCl)
=(mass of crucible with precipitate – mass of crucible)/(mw AgCl)
=[(28.6436 +/- 0.0001) g – (28.3216 +/- 0.0001) g] / 143.32 g/mol
=(0.322g +/- 0.0002g)/ 143.32 g/mol
=(0.322g +/- [0.0002g/0.322g x100%])/ 143.32 g/mol
=(0.322g +/- 0.06%)/143.32 g/mol
=0.0022467 mol +/- 0.06%
Mass Cl =(moles Cl)(mw of Cl)
=(0.0022467 mol +/- 0.06%)(35.5 g/mol) 
=0.07976g +/- 0.06%
Percent Cl in sample={(mass Cl)/(mass of sample)} x100%
=[(0.07976g +/- 0.06%)/(0.1464g +/- 0.14%)] x100%
=54.48% +/- 0.20%
Trial 2:
Moles Cl-= (mass AgCl)/(mw AgCl)
=(mass of crucible with precipitate – mass of crucible)/(mw AgCl)
=[(28.4224+/- 0.0001) g – (28.2314g +/- 0.0001) g] / 143.32 g/mol
=(0.191g +/- 0.0002g)/ 143.32 g/mol
=(0.191g +/- [0.0002g/0.2599g x100%])/ 143.32 g/mol
=(0.191g +/- 0.08%)/143.32 g/mol
=0.0013327 mol +/- 0.08%
Mass Cl =(moles Cl)(mw of Cl)
=(0.0013327 mol +/- 0.08%)(35.5 g/mol) 
=0.04731g +/- 0.08%
Percent Cl in sample={(mass Cl)/(mass of sample)} x100%
=[(0.04731g +/- 0.08%)/(0.1118g +/- 0.18%)] x100%
= 42.31% +/- 0.26%

3. The percent uncertainty calculations are found in calculations 1 and 2, the values for each trial are: 
Trial 1 percent uncertainty= +/-0.20%
Trial 2 percent uncertainty= +/-0.26%

4. Average of trial 1 and trial 2
Average=(Trial 1 + Trial 2)/2
=(54.48% + 42.31%)/2
=48.395%
5. Relative error of Chloride percentages
Trial 1:
Relative error= [experimental value – actual value]/actual value]
=[(54.45% - 56.41%) / 56.41%] x100%
=-3.470%
Trial 2:
Relative error= [experimental value – actual value]/actual value]
=[(42.31% - 56.41%)/56.41%] x100%
=-25.00%

6. Relative Spread of Trials 1 and 2
Relative Spread= {[highest trial – lowest trial]/average} x1000ppt
={[54.45% - 42.31%]/48.395%} x1000ppt
=250.9ppt

Table 3: Calculation Summary
	Calculation 
	Trial 1
	Trial 2

	Amount AgNO3 required +5ml
	28.26 ml +/- 0.14%
	22.77 ml +/- 0.18%

	Percent chloride
	54.48% +/- 0.20%
	42.31% +/- 0.26%

	Percent uncertainty
	+/- 0.20%
	+/- 0.26%

	Average of trials 1 and 2
	                                                48.395%

	Relative error 
	-3.470%
	-25.00%

	Relative spread
	                                              250.9ppt



Discussion
The result for trial one (54.48%) is very close to the true value of percent chloride per mass, at 56.41%. Whereas the results from trial two (42.31) are significantly lower. These errors resulted from human and experimental error, it is denoted in Table 3. 
The first reason for low results in both of the trials is due to silver chloride’s photosensitivity to light. The violet colour it acquired meant that some decomposition had occurred and that some mass had been loss; it was lost in the form of chlorine gas that was released into the air.
Another uncontrollable error that may have resulted in the lower result is the solubility of silver chloride in water. Although the compound has a very low solubility, a marginable amount of it may have dissolved into chloride and silver ions in water.
A third possible cause for a lower analytical result is the coagulation of precipitate. The precipitate may not have coagulated into colloids big enough that could be stopped by the filter; some may have been lost through the filter. 

Conclusion
The unknown salt sample numbered 353 was gravimetrically analyzed to determine its chlorine content.  The average percent chloride (48.395%) was approximately 14% smaller than the actual value (56.41). The uncertainties calculated for trial 1 and two were +/- 0.20% and +/- 0.26%, respectively. The precision of the two trials was pretty low given that the relative spread was 250.9ppt, meaning that the trials were not very close in value to each other. Trial 1 was accurate to the actual value, being only 3% away from it, where as trial 2 was much further and was calculated at 25.0% away from the actual result.
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