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Experimental Objectives:
The purpose of this experiment was to compare the solubilities of Mg(OH)2, Ca(OH)2, and Sr(OH)2, using titrations. Hopefully, by examining the solubilities, there will be a periodic trend between these three group II elements. 
Procedure:
The experiment will begin with cleaning the burette by rinsing with HCl. Fill the burette with HCl, allow possible air bubbles to be released by opening the stopcock. Begin the titration of the 0.002M HCl into 25mL Mg(OH)2 (transferred using a volumetric pipette) and a few drops of phenolphthalein. Once endpoint is determined, record the volume and repeat twice more. Repeat this entire procedure but use 1.0mL of Ca(OH)2, diluted with 50mL of water, repeat twice more. Complete another titration, but using 0.5mL of Sr(OH)2 diluted with 50mL of water, repeat for a total of three trials. For the Sr(OH)2 titrations, we repeated multiple more trials as we were not getting precise measurements. Refer to the lab manual, (1), for more detailed instructions.
Results:
Table 1. Titration results for Mg(OH)2
	Trials
	HCl Vi (mL)
	HCl Vf (mL)
	Total V HCl used (mL)
	Amount HCl used (mol)
	OH- Concentration (M)
	Ksp
	Solubility (mg/L)

	Trial 1
	2.96
	37.10
	34.14
	6.83x10-5
	2.73x10-3
	1.02x10-8
	79.67

	Trial 2
	3.88
	35.30
	31.42
	6.28x10-5
	2.51x10-3
	7.91x10-9
	73.19

	Trial 3
	15.98
	47.22
	31.24
	6.25x10-5
	2.50x10-3
	7.81x10-9
	72.89



Table 2. Average titration results for Mg(OH)2
	OH- Concentration (M)
	Ksp
	Solubility (mg/L)

	2.58x10-3
	8.64x10-9
	75.25



Table 3. Titration results for Ca(OH)2
	Trials
	HCl Vi (mL)
	HCl Vf (mL)
	Total V HCl used (mL)
	Amount HCl used (mol)
	OH- Concentration (M)
	Ksp
	Solubility (mg/L)

	Trial 1
	13.00
	26.68
	13.68
	2.74x10-5
	2.74x10-2
	1.03x10-5
	1015.92

	Trial 2
	18.18
	32.85
	14.67
	2.93x10-5
	2.93x10-2
	1.26x10-5
	1086.52

	Trial 3
	23.78
	38.18
	14.40
	2.88x10-5
	2.88x10-2
	1.19x10-5
	1066.02



Table 4. Average titration results for Ca(OH)2
	OH- Concentration (M)
	Ksp
	Solubility (mg/L)

	2.85x10-2
	1.16x10-5
	1056.15



Table 5. Titration results for Sr(OH)2
	Trials
	HCl Vi (mL)
	HCl Vf (mL)
	Total V HCl used (mL)
	Amount HCl used (mol)
	OH- Concentration (M)
	Ksp
	Solubility (mg/L)

	Trial 1
	1.42
	27.10
	25.68
	5.14x10-5
	1.03x10-1
	5.45x10-4
	6259.24

	Trial 2
	4.63
	28.59
	23.91
	4.78x10-5
	9.56x10-2
	4.37x10-4
	5815.01

	Trial 3
	3.20
	33.01
	29.81
	5.96x10-5
	1.19x10-1
	8.44x10-4
	7241.64



Table 6. Average titration results for Sr(OH)2
	OH- Concentration (M)
	Ksp
	Solubility (mg/L)

	1.06x10-1
	6.09x10-4
	6438.63



Observations:
The Mg(OH)2 was a clear, odourless solution that turned pink when the phenolphthalein was added, this solution became clear once the endpoint of the titration was reached. The Ca(OH)2 was also clear and odourless, but had some small chunks/flakes that were solid. This solution turned pink once the phenolphthalein was added, and turned clear again once the endpoint of the titration was reached. The Sr(OH)2 was clear and odourless, but had more of the solid flakes than the Ca(OH)2. The solution also turned pink with phenolphthalein and then clear again at the endpoint.  
Discussion:
The solubility results for this lab show that Sr(OH)2 is most soluble, while Mg(OH)2 is least soluble. This shows a periodic trend, that solubility increases while going down a group, as Sr is furthest down group 2 and Mg is the closest to the top. The solubility pattern/trend displayed in this lab are proportional to these results of Sr(OH)2’s solubility being 0.41g/100cm3, Ca(OH)2’s solubility being 0.19g/100cm3, and Mg(OH)2’s solubility being 0.001g/100cm3, (2). This shows that our data portray the accurate periodic trend of solubility. Our experimental solubility values show the proper periodic trend, but may not be incredibly accurate, due to sources of error. Possible sources of error include: Misreading of the meniscus lines, causing an inaccurate volume measurement, ultimately causing inaccurate solubility values. Another source of error would have been, when titrating Sr(OH)2, there were flakes of solid in the solution, which would have caused the solution to read as less soluble during the titration, affecting all measurements for that titration. To improve this experiment, we could have performed more trials for each titration to get more accurate measurements. We could have also tested and compared another element in group 2’s solubility to further demonstrate whether solubility is a periodic trend.   
Calculations:
Example of calculation for finding moles of HCl (using trial 1 from Mg(OH)2 titration.
nHCl=?                         n=(0.002M)(3.414x10-2L)        
VHCl=3.414x10-2L        =6.83x10-5mol
C=n/V
C=0.002M
Example of a calculation for finding the concentration of OH- (using trial 1 of the Ca(OH)2 titration).
Ca(OH)2 + 2HCl           CaCl2 + 2H2O
nHCl used=2.74x10-5mol                                                          C=n/V
nCa(OH)2 used=(2.74x10-5mol)/2                                                  =(2.74x10-5mol)/(1.0x10-3L)
                  =1.37x10-5mol                                                        =2.74x10-2M
*There are 2 moles of OH in Ca(OH)2, so multiply by 2.
nOH=2.74x10-5mol

Example of Ksp calculation (using trial 1 of the Ca(OH)2 titration).
*Using values obtained from previous example.
Ksp= [Ca2+][OH-]2
      =((1.37x10-5mol)/(1.0x10-3L))(2.74x10-2M)2
      =1.03x10-5



Example of solubility calculation (using trial 1 of Mg(OH)2).
Ksp=[Mg][OH]2               x=1.366x10-3M
1.02x10-8=(x)(2x)2             =79.67mg/L=Solubility
1.02x10-8=4x3
x=3sqrt((1.02x10-8)/(4))
Conclusion:
The objectives of this lab were to perform titrations of various group 2 compounds and compare their solubility values to see if solubility is periodic. The data we collected showed an increase in solubility as you move down the group, and a decrease as you move up, with Sr being most soluble and Mg being least. 
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Questions:
1. Solubility of Mg(OH)2 would increase with HCl because the OH- ions from the Mg(OH)2 would dissociate and bond with the H+ ions from HCl. With phosphoric acid, the solubility would increase with water, as its H+ ions would bond with the OH- ions of H2O.
2. Since Ba is further down group 2 and more soluble, I would suggest using a lesser volume than the previous three titrations. Although I don’t believe there was a volumetric pipette smaller than 0.5mL available during the lab, so that is the volume I would use.
3. a) Mg(OH)2(aq) + 2HCl(aq)            MgCl2(aq) + 2H2O(l)
            Ca(OH)2(aq) + 2HCl(aq)               CaCl2(aq) + 2H2O(l)
         Sr(OH)2(aq) + 2HCl(aq)              SrCl2(aq) + 2H2O(l)
b) The analytes were Mg(OH)2, Ca(OH)2, Sr(OH)2.
c) The titrant was HCl.
d) You also needed to add phenolphthalein.
e) You know the titration is over when the analyte solution changed colour from pink to clear, indicating the endpoint.
f) The equivalence point is when the amount of titrant is equal to the amount of analyte in solution (when the titration is actually done). The endpoint occurs right after the equivalence point and is indicated by a colour change from the indicator (when we know to stop the titration).
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