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[bookmark: _Hlk52366315]Objectives
	The goal of this experimentation was to explore the similar chemical properties found between main group elements specifically the alkaline metals. The specific chemical property analyzed in this lab was the solubility of alkaline hydroxides. By slowly adding hydrochloric acid to the solution until the solution becomes acidic it can be quantitively determined precisely how much of the hydroxide has dissolved in solution. 
Procedure1
(Fogg,2020)
Note: Several modifications were made to the procedure and are listed as follows; The volume of Mg(OH)2 solution used was 25.00 mL, the volume of calcium and strontium solutions were 1.00 mL and 0.500 mL respectively and were diluted with 24.00 mL of distilled water. Additionally, hydroxide solutions were transferred via volumetric pipettes and the HCl was delivered via a 50 mL burette. 
Observations
Initially, the 2.00 x 10-3 M standard solution of hydrochloric acid was completely translucent, and the Phenolphthalein solution was also translucent. The magnesium hydroxide solution was clear, translucent, and a white precipitate was visible on the bottom of the container. Both the calcium hydroxide and strontium hydroxide were both slightly cloudy. Following the addition of 4 drops of Phenolphthalein to a 25.00 mL solution of magnesium hydroxide the solution turned pink. Identically when 4 drops of Phenolphthalein was added to the diluted calcium hydroxide and strontium hydroxide solutions both solutions turned pink. Upon titrating the solutions utilizing hydrochloric acid the solution eventually became clear as a neutral point was reached. 
Results
Table 1. Raw data for Mg(OH)2 Titration with 2.00 x 10-3 M HCl
	Trial Number
	Volume Mg(OH)2 mL
	Initial Volume HCl mL 
	Final Volume HCl mL
	Volume of HCl Added mL

	1
	25.00
	2.30
	21.25
	18.95

	2
	25.00
	21.25
	42.15
	20.9

	3
	25.00
	8.10
	27.85
	19.75




Table 2. Raw data for Ca(OH)2 Titration with 2.00 x 10-3 M HCl
	Trial Number
	Volume Ca(OH)2 mL
	Initial Volume HCl mL 
	Final Volume HCl mL
	Volume of HCl Added mL

	1
	1.00
	0.65
	7.60
	4.94

	2
	1.00
	7.60
	14.65
	7.05

	3
	1.00
	14.65
	21.30
	6.65



Table 3. Raw data for Sr(OH)2 Titration with 2.00 x 10-3 M HCl
	Trial Number
	Volume Sr(OH)2 mL
	Initial Volume HCl mL 
	Final Volume HCl mL
	Volume of HCl Added

	1
	0.500
	1.80
	20.10
	6.95

	2
	0.500
	20.10
	38.30
	7.05

	3
	0.500
	1.30
	19.25
	6.65



Table 4. Calculated data 
	Trial Number
	Concentration OH- in Mg(OH)2
	Concentration OH- in Ca(OH)2
	Concentration OH- in Sr(OH)2
	Ksp of Mg(OH)2
(e -9)
	Ksp of Ca(OH)2
(e -6)
	Ksp of Sr(OH)2
(e -5)

	1
	0.003032
	0.01976
	0.0556
	6.968
	1.929
	4.297

	2
	0.003344
	0.0282
	0.0564
	9.348
	5.606
	4.485

	3
	0.00316
	0.0266
	0.0532
	7.889
	4.705
	3.764

	Average
	/
	/
	/
	8.068
	4.080
	4.182




Calculations
Example Calculation to Determine Hydroxide Concentration 

CHCl = 0.002 mol/L
VHCl = 18.95 mL = 0.01895 L
COH = ?
VOH = 25.00 mL = 0.02500 L


COHVOH = CHClVHCl
COH(0.025 L) = (0.002 mol/L)(0.01895 L)
COH = 0.001516 mol/L

Example Calculation to Determine Ksp of Alkaline Hydroxide
COH- = 0.001516 mol/L
CMg+ = 2 COH- = 0.003032 mol/L

Ksp = [Mg+] [OH-]2
Ksp = [0.003032 mol/L] [0.001516 mol/L]2
Ksp = 6.968312192 * 10-9
Ksp = 6.968 * 10-9



Discussion
As seen in table 4 the solubility of alkaline hydroxides increases when the alkaline metal cation is located further down the periodic group. This trend can be explained by the decrease in lattice energies which occurs when observing larger molecules further down a group. Lattice energy is defined as the energy required to breakup a mole of an ionic solid into gaseous ions, and while solubility does not involve gases it is directly related to the ability of a compound to breakdown into its component parts. Since the strontium and calcium elements are larger the molecules bonded to them have less attraction to their nucleus when compared to magnesium. Due to this decreased attraction between the cation and anion observed in large molecules there is an observable increased solubility. This experimentation clearly observed this trend as each larger alkaline metal was more soluble then the previous one by multiple orders of magnitude.2 While the trend observed was consistent with literature and the known trend the observed Ksp values for the magnesium and strontium hydroxide did not concur with the cited literature values. From the chemical rubber company handbook of chemistry and physics the accepted values for the Ksp of the alkaline hydroxides is 5.61 * 10-12 for magnesium, 5.02 * 10-6 for calcium, and 3.2 * 10-4 for strontium.3 The experimental values observed likely deviated significantly from the accepted values due to the fact that phenolphthalein does not reach an endpoint when the solution is at an equilibrium point instead becoming translucent at a slightly basic pH. This would result in the observed and calculated Ksp being significantly higher then it is in actuality.




Conclusion
	In conclusion, this experimentation clearly concluded that there is a clear relationship between an elements position on the periodic table and the molecule’s solubility. This is due to the lower lattice energies observed in larger molecules which result in the large alkaline metal hydroxides more easily dissociating into their component parts. Overall, this experimentation provided a comprehensive look into one of the key trends observed in the periodic table. 

Questions
1. Would the solubility of Mg(OH)2 in 0.01 M hydrochloric acid be greater than, or less than that in pure distilled water? Explain. Would a similar result be observed in phosphoric acid ?

The solubility of magnesium hydroxide exists in equilibrium between solid magnesium hydroxide and aqueous magnesium cations and hydroxide anions. If hydronium ions were present in the solution, they would react with the hydroxide ions to form water leaving behind chlorine anions and magnesium cations. One of Le Chatelier’s principle states that a change in concentration will result in an equilibrium shift to counter that change. For this example, that would result in more magnesium hydroxide dissolving in the presence of hydronium ions so, the solubility of magnesium hydroxide will be greater in a 0.01 M solution of hydrochloric acid. Phosphoric acid will have the same effect however, since it is a weak acid less of the hydroxide ions would be converted to water so less of an equilibrium shift would occur.

2. [bookmark: _GoBack]What volume of a saturated solution of barium hydroxide would you use (keeping in mind the glassware you have available) if you wanted to determine solubility of Ba(OH)2 using a 0.002 M solution of HCl. Explain your answer.

Ksp Ba(OH)2 = 2.55 * 10-4 (CRC handbook of chemistry and physics)3

2.55 * 10-4 = [x][2x]2 = 4x3
x = 0.039947849 mol/L

[OH-] = 2(x) = 0.079895697 mol/L

Utilizing a volume of 50 mL of 0.002 M hydrochloric acid

COHVOH = CHClVHCl
(0.079895697 mol/L)(VOH) = (0.002 mol/L)(50 mL)
VOH = 1.251631856 mL
VOH = 1 mL

Therefore a volume of 1 mL of saturated barium hydroxide solution must be utilized in order to determine its solubility with approximately 50 mL of 0.002 M hydrochloric acid.

Based upon a widely accepted Ksp value cited in literature a precise concentration of a saturated barium hydroxide solution can be determined. From this value a precise volume can be determined in order to carry out a reaction using an easily measurable amount of the solid and a much larger amount of hydrochloric acid. Such a large amount was used so that the amount of barium hydroxide solution measured can be more accurate. 

3. In the experiment to determine the solubility of alkaline earth hydroxides using HCl solution:

a) What is the balanced net ionic reaction occurring during EVERY titration in this experiment?

M represents the alkaline metal 
M(OH)2 (aq) + 2 H+ (aq) ⇌ M2+ (aq) + 2 H2O (l) 

b) What is the analyte in the titration?

The analyte in each reaction is the substance whose concentration is being measured which in every instance of this experiment is the hydroxide ion.

c) What is the titrant solution in the titration?

The titrant is the solution whose concentration is known and is being utilized to determine the concentration of an unknown solution, for this reaction the titrant is the hydrochloric acid solution. 

d) What else do you need to add to the analyte before completing the titration?

An indicator solution specifically phenolphthalein must be utilized so that the endpoint can be qualitatively determine when the endpoint of the reaction has occurred.

e) How do you know when the titration is over?

The titration is over when the solution transitions from being coloured to being translucent because it is at this point the amount of titrant and analyte are more or less equivalent.

f) Is there a difference between endpoint and equivalence points? Explain.

The primary difference between an endpoint and the equivalence point is that the endpoint is where the colour change occurs in the system and the equivalence point is when there are perfectly equal amounts of titrant and analyte. The reason for this key distinction is that most indicator solutions particularly phenolphthalein do not change colour at exactly neutral pH’s and instead transition to ‘neutral’ when the conditions are actually slightly basic or slightly acidic depending on the indicator. Phenolphthalein appears colourless between the pH of 0 and 8.2 so when titrating using this indicator it is important to note that the endpoint is actually slightly more basic then the equivalence point.
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