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Purpose:
The purpose of this lab is to calculate the chloride content of an unknown salt while practising the techniques used in gravimetric analysis. 
Theory:
1)
The following reaction describes the interaction between the chloride ion and the silver ion to produce the silver chloride compound. 

The equation is important to this experiment because of the changes in solubility that occur. The silver and chloride ions are both soluble in water. When combined they produce a solid which is insoluble in water. By collecting the result of this reaction, we are able to isolate both ions from a solution.
2)
AgCl(s) is generally referred to as insoluble. This is not entirely true as AgCl(s) has a Ksp value of 1.6 x 10-10.


The KSP value is so small that for the purpose of this experiment, the solubility of the silver chloride in the solution is negligible, and our calculations can be based on the assumption that all of the chlorine and silver reacted to form the compound. If the compound had a high Ksp value then more of the compound would be lost through the decanting process, and we would have to account for these losses.
3) The precipitation reaction is carried out in a nitric acid solution to stop the peptization of the solute which occurs when there is interference form the anions of weak acids such as CO32- (Archer et al., 2013).
4) Heating the solution aids in the capture of chloride ions by promoting the creation of a crystalline form of the precipitate, which is more likely to be caught in the filtration process (Archer et al., 2013).
5)
Photodecomposition can occur in silver chloride when it is exposed to visible light. 

The radiation causes the compound to decompose into silver and chlorine gas. The silver becomes an opaque purple solid which will create a layer, covering the substance and preventing further decomposition, while the chlorine is released into the atmosphere when exposed to air. With a lengthy exposure, this reaction will cause the results to be artificially small as chlorine gas is lost to the atmosphere. 
6)
To ensure that the chloride was the limiting reagent, we added more silver then was required. The solute was then washed with 100mL of water to remove the extra silver ions. A small amount of compound will be lost based on the Ksp value of silver chloride, which also can be calculated in grams.
Ksp=1.6 x 10-10 

mol


We now know that 1.3 X 10-6 mol will be lost. Multiplying this by the molar mass of Silver chloride give us:
Molar mass(AgNa)= 107.9 g/mol(Ag) + 35.45 g/mol(Cl) = 143.35 g/mol(AgCl)


7) Ions that could potentially co-precipitate with Cl- include NO3- and NO2-.  This co-precipitation would artificially inflate the mass of chloride calculated in this experiment.
Procedure:
To begin the lab, an unknown salt sample was obtained from the TA. The sample number and its true percent of chloride by mass were recorded. The next step was to measure out two samples of the unknown salt between 0.1000 g and 0.1500 g ± 0.0001. This was done by weighing the vial of the unknown salt on an analytical scale and then removing salt into a 250mL beaker until the reduction in vial weight was within the threshold. This was done twice so that each partner had a sample. The samples were calculated to be 0.1354 g ± 0.0001 and 0.1078 g ± 0.0001.
The samples were diluted with 100 mL ± 0.2 of distilled water and 1 mL of 6M HNO3 which was obtained from the TA.  The solution was then stirred until the salt was fully dissolved. The volume of 0.1M silver nitrate required was then calculated. This was found by assuming a chloride content of 55%, taking the number of moles of silver required to fully bond with all of the chloride and dividing by the molar mass of silver nitrate. Once calculated, an additional 5 mL was added to ensure that chloride is the limiting reagent. The volumes in this case were 26.0 mL ± 0.2 and 21.7 mL ± 0.2 respectively. Pouring of the silver nitrate was done slowly to prevent co-precipitation. The two solutions were then heated to encourage coagulation. The samples were then tested by dropping in a small amount of silver nitrate to see if any additional solutes formed. As no additional solute was noted, it can be concluded that all chloride ions had been removed from the solution. The samples were then left to cool in the equipment drawer to avoid exposure to light which can cause photodecomposition of the outside layer of the silver chloride compound back into its constituents. 
While the samples were cooling, the weights of the glass crucibles were taken. The weights were 32.2217 g ± 0.0001 and 32.6518 g ± 0.0001. The samples and crucibles were then taken over to the vacuum filtration apparatus where they were decanted. A small amount of nitric acid was then added to the precipitant in the bottom off the beaker and it was pushed into the crucible with a rubber policeman. When the acid was added, it bonded with the silver ions, flushing them away from the silver chloride compound. This was a combination reaction. We then washed the bottom with water and added the resulting solution to the crucible for decanting. The crucible was then flushed with water to remove any free silver ions from the precipitant. The beaker was tested with dilute hydrochloric acid to see if any remnant silver was still in the beaker. Once this test was passed, the precipitant was washed with 5 mL ± 0.2 of acetone, to promote drying of the solute, and the crucibles were placed in the oven for 20 minutes at 179˚C ± 0.2. Upon removal from the oven, the crucibles were weighed using the analytical scale and were found to be 32.5517 g ± 0.0001 and 32.8998 g ± 0.0001. The station was then cleaned up and the supplies returned to their place. 
Observations:
The sample number used for this experiment was #339. The salt was a finely ground off white crystalline powder. It mixed with water and the nitric acid to form a clear solution. When the silver nitrate was added, the solution became white and opaque. As it was heated, the liquid slowly cleared, and a light purplish-grey precipitate formed. No change in precipitate appearance was noted when the solution was decanted.  
When testing for completeness of precipitation, the test would fail if precipitate formed when a drop of Silver Nitrate was added to the beaker. This precipitate would be a light grey in colour.  During this experiment, no additional precipitate was noted when this test was performed. When testing the beaker for traces of leftover silver, a small amount of hydrochloric acid was added to a small volume of distilled water in the emptied beaker. If there were traces of sliver remaining, then an oily swirl would come into view where the acid was added. As no swirl was noted, it was concluded that all silver had been removed.
Table 1: physical properties of sample and precipitate
	Sample 
	Description

	Unknown sample
	White powder made of fine crystals

	Solution with Silver nitrate
	Milky off white liquid.

	Formed Precipitate
	Grey/purple moist substance. Consistency of runny porridge.



Table 2: test results
	Test
	Criteria
	Result

	Test for completeness
	Small grey precipitate formed and fell to the bottom if failed
	Pass

	Test for clean beaker
	Liquid takes an oily swirl where acid touches if failed
	Pass



Data:
The sample mass was 0.1354 g. After the precipitate was formed and dried the mass found was 0.3300 g. The oven temperature was 179˚C where it was heated for 20 minutes. The cooling time for the precipitate was 20 minutes and the cooling time for the crucible was ten minutes.
	
	Data
	Partner’s Data

	Sample Mass
	0.1354 g ± 0.0001
	0.1078 g ± 0.0001.   

	Precipitant Mass
	0.3300 g ± 0.0001.   
	0.2480 g ± 0.0001.   

	Oven Temperature
	179˚C ± 0.2
	179˚C ± 0.2

	Cooling time (Beaker)
	20 min
	20 min

	Drying time (time in oven)
	20 min
	20 min

	Cooling time (crucible)
	10 min
	10 min



 Calculations: 
Calculating the mass of AgNO3 required:
It is assumed that chloride is 55% of the total weight of the unknown salt. 55% of the initial mass is taken and then converted to moles.

Take the mass of chloride and convert it to moles. There is one mole of chloride for every mole of silver in silver chloride so this will be the number of moles of silver as well. 

Convert the moles of silver to a volume in millilitres. We are given a molar concentration of 0.1 mol/L for the silver nitrate therefore dividing the number of mol by the molar concentration will yield the volume in litres.

Convert this to millilitres:

The graduated cylinder can only read every twentieth of a mL, so the volume calculated was rounded to 21 mL. An additional 5 mL was added to ensure that silver is the limiting reagent in the precipitation reaction. 
Volume to be added:.
Partner’s volume of silver nitrate: .
Calculating %chloride:
The mass of the precipitate was divided by the molar mass of silver chloride to give the number of moles of silver chloride.

This number was then multiplied by the molar mass of chloride to find the mass of chloride in the substance.

This was then divided by the mass of the original salt and multiplied by one hundred to get the percent chloride in the original substance.

Account for significant digits.
(
Partner’s % chloride: 
)
Calculating % Uncertainty:
To arrive at the calculated value, the scale was used four times and the graduated cylinder twice.

The results will be the same for the other sample as the difference in the initial masses of the two samples becomes negligible when the uncertainty from the graduated cylinder is accounted for.
Average of the two trials:

Calculated Accuracy (relative error in %:
The difference between the calculated and known values is determined by subtracting the calculated percent chloride from the actual percent chloride.  This difference is then divided by the known value and multiplied by one hundred percent to obtain the percent relative error. 


Partner’s Accuracy: 5.648%
Calculate Precision (relative spread in ppt) 

The high value is subtracted from the low value of the two samples and then divided by the average of the two. This number is multiplied by one thousand ppt.

Discussion:
When comparing the results from this lab to those of the known values we can see that the experiment should be deemed a success. One of the trials was 5% off from the theoretical result while the other was had a negligible percent error. The negligible error is likely due to the decomposition of silver chloride in light. Several possibilities exist for the 5% error noted in the second sample. It is a possibility that not all of the chloride was bonded to the silver. The precipitate test in which silver nitrate was dropped into the heated beaker was not always obvious in its results as the solution was somewhat murky. It is possible that a failing result was obtained, but not noted. This could lead to the low result obtained. It is also possible that a small amount of silver chloride remained in the beaker after the sample was decanted and was lost when it was being flushed clean.
There was a noticeable discrepancy in the results obtained from the two trials.  One potential cause of this lack of precision is the addition of the silver nitrate solution.  In the first trial, the solution was added at a much faster rate.  Faster addition has been known to contribute to co-precipitation of unwanted ions (Archer et al., 2013).  It is a possibility that any additional mass of precipitate generated in this fashion is masking the losses described above.
Conclusion:
This experiment was done on sample 339 which had a known chloride content of 60.30%. After a gravimetric analysis of two samples, an average of 58.59% chloride was found. The difference between these two is 1.71%.  The uncertainty from measurements came to 0.2%. The precision of the experiment was 57.69ppt and the accuracies were  and 5.648%.
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