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purpose :

 to shed the light on the gravemetric analysis and the techniques involved by determining the chloride content in an unknown solube salt quantitavely ....

theory :

Gravimetric analysis, which by definition is based upon the measurement of mass, can be generalized into two types; precipitation and volatilization. The quantitative determination of a substance by the precipitation method of gravimetric analysis involves isolation of an ion in solution by a precipitation reaction, filtering, washing the precipitate free of contaminants, conversion of the precipitate to a product of known composition, and finally weighing the precipitate and determining its mass by difference.  From the mass and known composition of the precipitate, the amount of the original ion can be determined.
            For successful determinations the following criteria must be met: The desired substance must be completely precipitated. In most determinations the precipitate is of such low solubility that losses from dissolution are negligible. An additional factor is the "common ion" effect, this further reduces the solubility of the precipitate. When Cl- is precipitated out by addition of Ag+
Ag+ + Cl-
            The (low) solubility of AgCl is reduced still further by the excess of Ag+ which is added, pushing the equilibrium to the right.  We can further decrease the solubility by decreasing the temperature of the solution by using an ice bath.  The weighed form of the product should be of known composition. The product should be "pure" and easily filtered. It is usually difficult to obtain a product which is "pure", i.e. one which is free from impurities but careful precipitation and sufficient washing  helps reduce the level of impurity. 

AgCl solubility in water and Ksp:

AgCl(s) => Ag+(aq) + Cl-(aq)  

 Ksp= [Ag+(aq)]·[Cl-(aq)] = 1.6 x 10-10

Ksp is the solubility product  which the solubility is expressed with. where as some of AgCl dissolve even though it is very insoluble.
why precipitate in acid media:

precipitation occurs as gradually as possible in acidic solution to illuminate intrusion from the anions of week acids. which co-precipitate with silver in neutral medium. A moderate excess of silver ion is needed to diminish the solubility of silver chloride, but an excess is avoided to minimize co-precipitation of silver nitrate. 
Heat to coagulate:

Silver chloride forms first as a colloid and is subsequently coagulated with heat. Nitric acid and the small excess of silver nitrate promote coagulation by providing a moderately high electrolyte concentration. Nitric acid in the wash solution maintains the electrolyte concentration and eliminates the possibility of peptization during the washing step; the acid subsequently decomposes to give volatile products when the precipitate is dried.

Photodecomposition:

Silver chloride can also undergo photodecomposition, 

2AgCl => 2Ag  + Cl2

Which produces elemental silver that can be detected by a violet color in the precipitate. In theory, this produces a low result for the chloride determination, but in practice the effect is minimal if care is taken to avoid prolonged exposure direct sunlight. If photodecomposition occurs before filtration, the additional reaction, 

3Cl2+9H2O + 5 Ag+ => 5AgCl + ClO3- + 6H3O+
can lead to high results.

How much precipitate is lost by washing with 100 mL distilled water:

rinsing with water cause it to lose some of its precipitate since some of the unwanted ions are removed from the precipitate ...

Ksp = 1.6 x 10-10 mol/L (0.100 L) = 1.6 x 10-11 moles

1.6 x 10-11 moles (143.32 g/mole) = 2.3 x 10-9 g of precipitate lost
so there is 2.3 x 10-9 g of precipitate lost when washed in 100 mL of water. 

What kinds of ions may co-precipitate with chloride ion:

Hg+ and Pb2+  and Ag+ions are insoluble so they can co-precipitate with  chloride ion and then we would have a slight change in the results where they will be higher because the precipitate has increased.

procedure:

in the beginning of the lab, the TA gave us a sample of unknown salt that has a code numbr of 361.after weighing 0.1300g of this unknown salt by myself and 0.1200gby my partner (weighed them by difference in a 250ml beaker). the volume of AgNO3 was  25.140ml for my 0.1300g sample,  and my partners value was 23.590 for her 0.1200g sample after adding an additional 5ml in these calculations. . 100 mL of distilled water and 1 mL of dilute (6M) HNO3 were added to each 250 mL beaker.the solution was stirred untill it was dissolved completely.after adding the quantity of 0.1M AgNO3 to the beaker. it was time for the solution to be heated completely and stirred gently.In order to make sure that the the pricipitation is complete, few drops of AgNO3 were added to the side of the beaker.If the solution show no appearance of AgNO3, the mixture had to be placed into a dark place to cool,and while cooling,the mass of each crucible was taken.one has a mass of 30.551g +/- 0.0001g and the other weighed 30.6519 +/- 0.0001g.After that the solutions were filtered using a vaccum, and some 0.01M HNO3 was then added to the precipitate in the beaker and swirled around. It was put through the vacuum filter. The process with the 0.01M HNO3 was done once again, but this time the precipitate and washings were transferred onto the filter.the precipitate was washed with 0.01M HNO3 and the crucible was removed from the device.the TA had to check the work by testing with HCL. if the solution show no turbidity, the prcedure is continued and the device is reconnected and the pricipitate is washed with 5ml of acetone 3 times.the acetone was disposed by the TA in a proper way, and the precipitate in the crucible were placed in a 110 gegrees oven for 30 minutes. after 30 minutes the crucible is weighed again.
obsevations:

sample number : 361
Table 1. description in different  phases.
	
	Sample
	Partners sample

	Physical description of sample
	Whie powdered substance
	Whie powdered substance

	Test for completness of the precipitate
	Completed from the first try
	Completed from the first try

	HNO3 washing
	Washed one time where no turbidity observed, hence its completed
	Washed one time where no turbidity observed, hence its completed

	Description of precipitate

	Light purple powder for the precipitate
	Light purple powder for the precipitate


Data:
Table 2. mass values , oven tempreture and time lengths.

	
	Mass of sample 
	Mass of precipitate
	Temp of oven in degree celcius 
	Time to dry in miutes
	Time to cool in minutes

	My Values 
	0.1300 +/- 0.0001g
	0.2715 +/- 0.0002g
	110.0 +/- 0.2
	30
	5

	Partners value
	0.1200 +/- 0.0001g
	0.2499 +/- 0.0002g
	110.0 +/- 0.2
	       30
	5


Calculations :
Amount of AgNO3 required (calculated amount + 5mL):
 Sample:

 Volume of 0.1 M AgNO3

                 = [(mass of sample) x Cl%)/35.5]/0.1

           =[(0.1300g)(55%)/35.5]/0.1

           = 0.0201 L = 20.140 mL + 5 mL = 25.14 mL
Partners Sample:

 Volume of 0.1 M AgNO3 


 = [(mass of sample) x Cl%)/35.5]/0.1


 =[(0.1200g)(55%)/35.5]/0.1


 = 0.01859 L = 18.59 mL + 5 mL = 23.59 mL =24 mL

Calculation of the % chloride in the sample:

Sample:


 Mass of AgCl = 30.8227g-30.5512g = 0.2715g 


Uncertainty of mass of precipitate = 0.0001g + 0.0001g = 0.0002g

Moles of precipitate = 0.2715g(mole/143.323g) = 0.001894322 moles of AgCl

=moles of Cl 

Mass of Cl: moles of Cl 0.001894322 (35.453g/mole) = 0.067159397 g of Cl

% Cl in sample = (0.061816349g/0.1300) x 100 = 51.66% Cl
partners sample:
 Mass of AgCl = 30.9018g-30.6519g = 0.2499g 

Uncertainty of mass of precipitate = 0.0001g + 0.0001g = 0.0002g

Moles of precipitate = 0.2499g(mole/143.323g) = 0.001743614 moles AgCl

=moles of Cl too because of a 1:1 ratio

Mass of Cl: 0.001743614 moles of Cl (35.453g/mole) = 0.061816349 g of Cl

% Cl in sample = (0.061816349g/0.1200g) x 100 = 51.51% Cl
Calculations % uncertainty:
sample:


 for the Weighing Sample:



0.0001g/0.1300g x 100% = 0.077%


for the Weighing Precipitate: 


0.0002g/0.2715g x 100% = 0.074%

partners sample:

for the Weighing Sample :



0.0001g/0.1200g x 100% = 0.083%


for the Weighing Precipitate:



0.0002g/0.2499g x 100% = 0.080 %
and then its is necessary to find the average of the two samples.

so :


(51.51% + 51.66%)/2 = 51.58% 
Accuracy (relative error in %):
relative error  = [ experimental average - theoretical value ] / theoretical value  x 100


          =  |51.58%-55.16%|/55.16% x 100 = 6.49 %

Precision (relative spread):
Relative Spread = ((High Cl Value)-(Low Cl Value))/average x 1000
                             = 0.15 % /51.58 % x 1000 = 2.9 ppt
Discussion:

in the calculation above the accuracy gave a result of 6.49 which is less than the theoretical value. and this low result can be due to some errors in the lab and measurements. and maybe it is because weighing the crucible was done on a different scale than when weighing the crucible and the precipitate together . one of them was weighed on a scale with less decimal places than the other, which cause the difference in results. because the experimental value will be small when comparing it to the theoretical value if the mass of the precipitate was small. Besides there several more causes for the errors which is caused by the lost in mass of the precipitate . washing the precipitate improperly is one of them. since by washing improperly some of the unwanted ions will remain in the precipitate. in addition to that,  when changing placing the precipitate in the crucible will sometimes have an effect on the mass because some of the precipitate will be left over in the beaker .and finally filtration of the precipitate may have caused the fact that the  mass of the precipitate is lower than its true value.

conclusion:

    for the sample that was given by the TA of code 361. the % Cl was 55.16% where as the calculated value was as an average was 51.58%. For the uncertainties it was 0.077% for the weighing sample and 0.083% for the partners weighing sample. for the weighing precipitate the uncertainties were 0.074% for the sample and 0.080% for the partners sample. And the calculated relative error which is the accuracy, it was 6.49%. And finally the calculated relative spread which is the precision, it was 2.9ppt
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