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ABSTRACT
The molar solubilities of sparingly soluble calcium hydroxide in water at different temperatures are easily determined by titration of filtered saturated solutions with standardized hydrochloric acid solution.  The apparent equilibrium constant, Ksp, can be calculated from the molar solubility of calcium hydroxide: Ksp = [Ca2+][OH-]2.  The ΔG0 for the dissolution of calcium hydroxide at each temperature is calculated from the formula ΔG0 = - RTln(Kc).  ΔG0 values at two temperatures permit the calculation of ΔH0 and ΔS0.

This experiment reinforces the students’ understanding of the interrelationship of solubility, Ksp, ΔG0, ΔS0 and ΔH0.  

THEORY
When the sparingly soluble compound calcium hydroxide is added to water, equilibrium 

is established between the solid and aqueous material that can be approximated by equation 1, ignoring ion pair formation. (1, 2, 3)  
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Aliquots of the filtered solution are titrated with standardized hydrochloric acid.  The molar solubility, s, of calcium hydroxide is then determined from the calculated [OH-].


Ca2+(aq)  +  2 OH-(aq)   +  2 H3O+(aq)  +  2 Cl-(aq)(  Ca2+(aq)  + 2  Cl-(aq)  +   4 H2O(l)
(2)


Moles of hydroxide = moles of HCl = liters of HCl ( [HCl]
(3)


Moles of Ca(OH)2 = ½ moles of hydroxide
(4)

Molar solubility of Ca(OH)2 , s = (moles of Ca(OH)2 in aliquot)/(volume of aliquot in liters) (5)

The apparent solubility product, Ksp, is then calculated from the molar solubility.


Ksp = [Ca2+][OH-]2 = 4s3
(6)

The Gibbs Free Energy, ΔG0ADVANCE \l3T, at temperature, T, is related to its equilibrium constant, Ksp, by equation 7,


ΔG0ADVANCE \l3T = -RTln(Ksp)
(where R= 8.314 J/mole(K)    (7)

Since ΔH0 and ΔS0 do not change significantly over small temperature ranges, these quantities, too, can be calculated from equation 8 by generating simultaneous linear equations at two temperatures

ΔG0ADVANCE \l3T = ΔH0 - TΔS0
(8)

Experimental Observation
The solubilities of sparingly soluble calcium hydroxide in water at different temperatures are easily determined by titration of filtered saturated solutions with standardized hydrochloric acid solution and values are recorded.

	EXPERIMENTAL SOLUBILITY DATA FOR Ca(OH)2

	Temp. in oC
	Temp. in K
	g/100ml
	Mol/100ml
	Solubilty (Mol/L)
	Ksp=4S3

	0
	273
	0.189
	0.00255
	0.0255
	6.63 x 10-5

	10
	283
	0.182
	0.00245
	0.0245
	5.88 x 10-5

	20
	293
	0.173
	0.00233
	0.0233
	5.06 x 10-5

	30
	303
	0.160
	0.00216
	0.0216
	4.03 x 10-5

	40
	313
	0.141
	0.00191
	0.0191
	2.79 x 10-5

	60
	333
	0.121
	0.00164
	0.0164
	1.76 x 10-5


RESULT
A graph is constructed in excel by plotting LnK vs 1/T

	Temp. in K
	1/T
	Ksp=4S3
	log Ksp
	Ln Ksp

	273
	0.00366
	6.63 x 10-5
	-4.178
	-9.621

	283
	0.00353
	5.88 x 10-5
	-4.230
	-9.741

	293
	0.00341
	5.06 x 10-5
	-4.296
	-9.892

	303
	0.00330
	4.03 x 10-5
	-4.395
	-10.119

	313
	0.00319
	2.79 x 10-5
	-4.554
	-10.487

	333
	0.00300
	1.76 x 10-5
	-4.754
	-10.948


[image: image2.png]-10

-10.2

-10.4

-10.6

-10.8

-11

-11.2

0.0005 0.001 0.0015 0.002 0.0025 0.003 0.0037 0.004

/
/

f

/

—4—LnKsp
—— Linear (LnKsp)

y=2069.x- 17.06





A straight line graph is obtained corresponding to the equation 
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From the graph slop = 
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So value of 
[image: image5.wmf]o

H

D

= -2069 x 8.314 J = -17201.66 joule = -17.2 KJ

As the graph is with a + ve slop the reaction is exothermic

From the graph intercept = 
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So value of 
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= -17.06 x 8.314 J = 141.8 Joule

CONCLUSION

The solubility of Ca(OH)2 is studied at different temperature and it is observed that experimental values of ΔH0 and ΔS0 are matching with the thermodynamic data (4, 5)
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