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Purpose:
To find the quantitative amount of chloride content in an unknown soluble salt sample by demonstrating typical techniques used in a gravimetric analysis.
Theory:
The reaction between Chloride ions and silver ions that forms silver chloride is illustrated by the following Reaction:
Ag+ (aq) + Cl-(aq)                    AgCl(s)
Silver chloride has a low solubility in water; as a result the reaction above does not go into completion. By using the solubility product (Ksp), the following reaction shows that the silver chloride has some solubility: 
AgCl(s) 	         Ag+ (aq) + Cl-(aq)           Ksp = [Ag+ (aq)]●[Cl-(aq)] = 1.6*10-10
The equation above shows that solid silver chloride has reached its chemical equilibrium with its ions in the solution. In addition, the equilibrium constant, Ksp, is very small that it is considered to be almost negligible. When Silver nitrate (AgNO3) is added to silver chloride (AgCl), the Silver ions (Ag+) of the silver nitrate start to precipitate instantly into the solution having the chlorine ions (Cl-) to be fully consumed.
The amount of the salt that is still left in the solution is dependent on the amount of excess silver ions that were added to the solution. However, maximum solubility is reached when there are no excess silver ions observed in the solution.  According to the following calculation that is based on the Ksp value, the concentration can be calculated as shown below:
Now by assuming that there is no excess of silver ions, we get:
[Ag+] = [Cl-] = X
·  Ksp = [Ag+(aq)]  * [Cl-] = 1.6*10-10
       = X ● X = 1.6 x10-1
   X =1.3x10-5 moles●litre-1
When adding 100ml of water, the following amount of participate is lost according to the following equation:
· Moles = VolumeConcentration
Moles = 0.1 liter  1.310-5 moles/liter = 1.310-6 moles
· Moles =  
Mass = MolesMolar Mass = 1.310-6 moles  143.32 gmol-1 = 1.910-4 g
Silver chloride is forced to precipitate as a colloid that is in the form of small particles which is due to the lack of time for the solid to form proper crystals and Due to the rapid particles of the precipitation. In order to make the precipitate become into a more solid form that is less likely to go through filter paper, the solution should be gently heated, stirred and washed by nitric acid solution which also prevents the sample from peptization. Finally, the precipitate is dried and weighed so the percentage of chloride in the sample can be determined. 
Regarding the photodecomposition and the presence of light, dry silver chloride decomposes into silver and chlorine according to the following equation:
AgCl(s) Ag (aq) + ½ Cl (aq)
The precipitate obtains a violet color which is due to the accumulation of finely divided aqueous silver. The decomposition of Silver Chloride only occurs on the surface of the precipitate. However, the photochemical decomposition in the presence of an excess amount of silver ions leads the following reaction to occur:
3Cl2(g) + 3H2O (l) + 5Ag+(aq)5AgCl(s) + ClO3- (aq) + 6H+(aq)
According to the reaction above, the chloride ion is converted into a soluble chlorate ion ClO3- which leads to high analytical results. However, unavoidable photochemical decomposition may occur, though with reasonable precautions the effect of it will not affect the analysis.
Procedure:
After putting all the safety materials on and heading to the lab station, an unknown salt sample was provided by the TA with a number on it. A clean and dry glass filter crucible was obtained. Using an analytical balance, 0.1010g of the unknown salt was weighed by difference and added to a 250mL beaker. 100mL of distilled water with 1mL of dilute (6M)  was added to the salt and stirred until it had completely dissolved. Using the mass of the salt, the estimated amount of  available in the salt, the molar mass of, and the concentration of silver, the amount of  was calculated with an extra of 5mL, which resulted in a volume of 20.647mL of 0.1M. The calculated amount of  was added to the solution in the 250mL beaker. The beaker was then gently heated to a temperature that is slightly below the boiling point of the solution. After that, the solution was stirred gently several times until it was hot enough and clear with a precipitate that formed at the bottom of the beaker. Few drops of silver nitrate were added until no more silver chloride appeared, and then the beaker was put in a drawer to cool down and to be prevented from the presence of light. The vacuum filtration apparatus was set up by the help and assistance of the TA. Afterwards, using a piece of tissue the cooled sintered glass crucible was placed and removed on the balance and was weighed accurately to ±0.0001g. The crucible was then put on the vacuum filtration system. The washings were then poured through the filter after they were gently swirled. The 0.01M HNO3 washing was repeated for several times, but the precipitates and washings quantitatively were transferred onto the filer this time. Then a rubber policeman and a wash bottle were used to remove any particles that were stuck on to the beaker’s wall. Small amount of washing was collected in a test tube and then a small amount of dilute HCl was added to the washing in order to check if there were any remaining silver ions that were passed to the washings. If the test tube did not show any turbidity then the washing is complete and no silver was passed when no turbidity was observed. The precipitate was then washed with 5mL of acetone. The crucible with the precipitate was then transferred to an oven that had a temperature of 125 for 30 minutes to dry. When the crucible was dry, it was taken out from the oven and put to cool down. After the crucible was cooled down, the mass of it was obtained using analytical balance. After the crucible was then returned to the TA, the working area and the lab materials were cleaned, gloves were dumped and the lab coat and the goggles were taken off outside the lab.
Observations:
The unknown salt, which was a white power, had a code of 341. The solution has changed from a clear solution into a foggy solution after 100mL of water and 1mL of dilute (6M)  were added to the salt. While heating the solution, a precipitate was formed which had a purple color and the solution became clearer. After the precipitate went through the vacuum and was cleaned, it was light purplish in color with a soft texture.
Data:
	
	My Data
	Partner’s Data

	Mass of sample Salt
	0.1010 g ± 0.0001g
	0.1094 g ± 0.0001g

	Mass of crucible
	34.7224 g ± 0.0001g
	34.2208 g ± 0.0001g

	Mass of crucible with dried precipitate
	34.9414 g ± 0.0001g
	34.4637 g ± 0.0001g

	Mass of dried precipitate
	0.2190 g ± 0.0001g
	0.2429 g ± 0.0001g

	Volume of Silver Nitrate needed
	20.64 ml ± 0.1g
	21.95 ml ± 0.1g

	Oven Temperature
	80ᴼC ± 5ᴼC
	80ᴼC ± 5ᴼC

	Cooling time
	5 min ± 0.5min
	5 min ± 0.5 min



Calculations:
· Amount of AgNO3 required calculations:
My calculations: 
Volume of AgNO3 = ((mass of unknown salt) (Percentage of Cl))/35.5)/0.1
                                = ((0.1010 g) (55%))/35.5)/0.1
                    = 15.64 ml + 5 ml of additional AgNO3 
                    = 20.64 ml


Partner’s Calculations:
 Volume of AgNO3 = ((mass of unknown salt) (Percentage of Cl))/35.5)/0.1
                               = ((0.1094 g) (55%))/35.5)/0.1
                               = 16.95ml + 5 ml of additional AgNO3
                               = 21.95 ml
· Percentage of chloride calculation:
My calculations: 
Moles of Cl in precipitate = mass of dried AgCl/Molar mass of AgCl
                                        = (0.2190 g)/ (143.32 g/mol)
                                        = 0.0015280 mol Cl ± 0.91%
Mass of Cl in precipitate = (Moles of Cl in precipitate) (Molar mas of Cl) 
                  	        	     = (0.0015280 mol) (35.45 mol)
                 		     = 0.05416 g ± 13.33 g
Percentage of Cl = ((mass of Cl in precipitate)/(mass of original sample)) x 100%
                            = ((0.05409 g)/ (0.1010 g)) x 100%
                            = 53.56 % ± 11.86%

Partner’s Calculations:
Moles of Cl in precipitate = mass of dried AgCl/Molar mass of AgCl
                                        = (0.2429 g)/(143.32 g/mol)
                                        = 0.0016948 mol
Mass of Cl in precipitate = (moles of Cl in precipitate) (Molar mas of Cl) 
                  	        	     = (0.0016948 mol) (35.4g/mol)
                 		     = 0.0599963 g
Percentage of Cl = ((mass of Cl in precipitate)/(mass of original sample)) x 100%
                            = ((0.059963 g)/ (0.1094g)) x 100%
                            = 54.81%
· Percentage of uncertainty calculations:
My Calculations: 
Percent uncertainty of Cl in sample = Percent uncertainty of Cl in precipitate + Percent uncertainty of original sample 
                                                     = ((0.0001)(100%))/0.0015280mol + ((0.0001)(100%))/0.1010g
                                                     = 6.643%


Partner’s Calculations: 
Percent uncertainty of Cl in sample = Percent uncertainty of Cl in precipitate + Percent uncertainty of original sample 
                                                     = ((0.0001)(100%))/0.0016948mol + ((0.0001)(100%))/0.1094g
                                                     = 5.992% 
· Average of two trials: 
Average of % Cl = (% Clmy +% Clpartner’s)/2
[bookmark: _GoBack]                            = (53.56% + 54.81%)/2
                           = 54.18%
Average of % uncertainty = (% uncertaintymy + %uncertaintypartner’s)/2
                  = (6.643% + 5.992%)/2 
      = 6.318%
· Calculations for precision:
Relative Spread = (difference between % Cl/ avg % Cl of samples) x 1000
                          = ((54.81% - 53.56%)/54.18%) x 1000
                          = 23.07 ppt


· Calculations for accuracy:
Relative error = ((avg experimental % Cl – true % Cl)/true % Cl) x100
                       = ((54.18% - 57.22%)/57.22%) x 100
                       = -5.313%
Discussion:
According to the calculations the resulted percentage  is: 54.18%, while the actual given percentage was 57.22%.  The reasons why the calculated result gave a lower value than the actual value are: First, The silver chloride decomposition in the presence of light according to the following equation:
AgCl(s) Ag(aq) + ½ Cl (aq) 
This was observed by the violet color that the precipitate gained during its formation; the photodecomposition of the precipitate could have occurred in air while transferring the precipitate to the crucibles, which resulted in a lower value in the chlorine ions in the precipitate because the chlorine gas was released from the decomposition. Second, the uncertainties that the lab materials have that don’t give perfect results; the imperfection of the lab could have resulted in different measurements than the actual measurements that were supposed to be obtained Third, the difference in the measured values and the actual values that were supposed to be obtained could have resulted in the lower value of the percentage of in the salt. Fourth, the possibility of having small amounts of precipitate that passed through the crucible due to its small size; having small amounts of precipitate escaping through the crucible could have resulted in a lower mass than the actual mass that was supposed to be obtained, which could have affected the calculation part of the experiment and a lower value of percentage. Finally, having a wet precipitate while transferring it from the beaker to the crucible can be another source of error. Even though the beaker was washed with water, some of the precipitate could have been still stuck on the wall of the beaker. Having precipitate stuck on the wall of the beaker could have resulted in a lower mass than the actual mass, which would have also resulted in different value for the percentage of.
Conclusion:
The unknown salt sample number was 341, the average percent of chlorine in the unknown salt sample was 54.18%, the resulting uncertainty in this experiment was 6.318% for an expected yield of 57.22% and the precision of 23.07 ppt for this experiment with an accuracy of -5.313% which is lower than the expected value. 
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