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Equilibrium at point x: [H*]=[A] + [OH"] = [A"] (added as HA)
Equilibrium at point y: [HA]+ [H*]= [OH"] = [HA] (added as NaA)
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Acetate

		CT (M)		1.00E-03												acid equilibrium point						(to check if H+= A-

		pK		4.76												base equilibrium point						(to check if HA=OH)

		pKw		14

		pH		[H+]		log[H+]		log[OH-]		log[HA]		log[A-]

		0		1.00E+00		0		-14		-3.0000075471		-7.7600075471

		0.5		3.16E-01		-0.5		-13.5		-3.0000238656		-7.2600238656

		1		1.00E-01		-1		-13		-3.0000754652		-6.7600754652

		1.5		3.16E-02		-1.5		-12.5		-3.000238597		-6.260238597

		2		1.00E-02		-2		-12		-3.0007540623		-5.7607540623

		2.5		3.16E-03		-2.5		-11.5		-3.0023800919		-5.2623800919

		3		1.00E-03		-3		-11		-3.0074823457		-4.7674823457

		3.5		3.16E-04		-3.5		-10.5		-3.0232335591		-4.2832335591

		3.9		1.26E-04		-3.9		-10.1		-3.0561569265		-3.9161569265

		4		1.00E-04		-4		-10		-3.069586736		-3.829586736

		4.25		5.62E-05		-4.25		-9.75		-3.1169494482		-3.6269494482

		4.4		3.98E-05		-4.4		-9.6		-3.1573104168		-3.5173104168

		4.76		1.74E-05		-4.76		-9.24		-3.3010299957		-3.3010299957

		5.1		7.94E-06		-5.1		-8.9		-3.503485838		-3.163485838

		5.25		5.62E-06		-5.25		-8.75		-3.6117546772		-3.1217546772

		5.5		3.16E-06		-5.5		-8.5		-3.8126064853		-3.0726064853

		6		1.00E-06		-6		-8		-4.264298443		-3.024298443

		6.5		3.16E-07		-6.5		-7.5		-4.7478318168		-3.0078318168

		7		1.00E-07		-7		-7		-5.2424919409		-3.0024919409

		7.9		1.26E-08		-7.9		-6.1		-6.1403145046		-3.0003145046

		7.5		3.16E-08		-7.5		-6.5		-5.7407895679		-3.0007895679

		8		1.00E-08		-8		-6		-6.2402498385		-3.0002498385

		8.5		3.16E-09		-8.5		-5.5		-6.7400790214		-3.0000790214

		9		1.00E-09		-9		-5		-7.2400249903		-3.0000249903

		9.5		3.16E-10		-9.5		-4.5		-7.7400079028		-3.0000079028

		10		1.00E-10		-10		-4		-8.2400024991		-3.0000024991

		10.5		3.16E-11		-10.5		-3.5		-8.7400007903		-3.0000007903

		11		1.00E-11		-11		-3		-9.2400002499		-3.0000002499

		11.5		3.16E-12		-11.5		-2.5		-9.740000079		-3.000000079

		12		1.00E-12		-12		-2		-10.240000025		-3.000000025

		12.5		3.16E-13		-12.5		-1.5		-10.7400000079		-3.0000000079

		13		1.00E-13		-13		-1		-11.2400000025		-3.0000000025

		13.5		3.16E-14		-13.5		-0.5		-11.7400000008		-3.0000000008

		14		1.00E-14		-14		0		-12.2400000002		-3.0000000002
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pure closed carbonate

		T		25C

		CT		1.00E-03

		pK1		6.35		K1		0.0000004467

		pK2		10.33		K2		0

		pKw		14		Kw		0

		pH		[H+]		log[H+]		log[OH-]		log[H2CO3*]		log[HCO3-]		log[CO32-]		CT

		0		1.00E+00		0		-14		-3.00E+00		-9.35E+00		-1.97E+01		1.00E-03

		0.5		3.16E-01		-0.5		-13.5		-3.00E+00		-8.85E+00		-1.87E+01		1.00E-03

		1		1.00E-01		-1		-13		-3.00E+00		-8.35E+00		-1.77E+01		1.00E-03

		1.5		3.16E-02		-1.5		-12.5		-3.00E+00		-7.85E+00		-1.67E+01		1.00E-03

		2		1.00E-02		-2		-12		-3.00E+00		-7.35E+00		-1.57E+01		1.00E-03

		2.5		3.16E-03		-2.5		-11.5		-3.00E+00		-6.85E+00		-1.47E+01		1.00E-03

		3		1.00E-03		-3		-11		-3.00E+00		-6.35E+00		-1.37E+01		1.00E-03

		3.5		3.16E-04		-3.5		-10.5		-3.00E+00		-5.85E+00		-1.27E+01		1.00E-03

		4		1.00E-04		-4		-10		-3.00E+00		-5.35E+00		-1.17E+01		1.00E-03

		4.5		3.16E-05		-4.5		-9.5		-3.01E+00		-4.86E+00		-1.07E+01		1.00E-03

		5		1.00E-05		-5		-9		-3.02E+00		-4.37E+00		-9.70E+00		1.00E-03

		5.5		3.16E-06		-5.5		-8.5		-3.06E+00		-3.91E+00		-8.74E+00		1.00E-03

		6		1.00E-06		-6		-8		-3.16E+00		-3.51E+00		-7.84E+00		1.00E-03

		6.5		3.16E-07		-6.5		-7.5		-3.38E+00		-3.23E+00		-7.06E+00		1.00E-03

		7		1.00E-07		-7		-7		-3.74E+00		-3.09E+00		-6.42E+00		1.00E-03

		7.5		3.16E-08		-7.5		-6.5		-4.18E+00		-3.03E+00		-5.86E+00		1.00E-03

		8		1.00E-08		-8		-6		-4.66E+00		-3.01E+00		-5.34E+00		1.00E-03

		8.5		3.16E-09		-8.5		-5.5		-5.16E+00		-3.01E+00		-4.84E+00		1.00E-03

		9		1.00E-09		-9		-5		-5.67E+00		-3.02E+00		-4.35E+00		1.00E-03

		9.5		3.16E-10		-9.5		-4.5		-6.21E+00		-3.06E+00		-3.89E+00		1.00E-03

		10		1.00E-10		-10		-4		-6.82E+00		-3.17E+00		-3.50E+00		1.00E-03

		10.5		3.16E-11		-10.5		-3.5		-7.54E+00		-3.39E+00		-3.22E+00		1.00E-03

		11		1.00E-11		-11		-3		-8.40E+00		-3.75E+00		-3.08E+00		1.00E-03

		11.5		3.16E-12		-11.5		-2.5		-9.35E+00		-4.20E+00		-3.03E+00		1.00E-03

		12		1.00E-12		-12		-2		-1.03E+01		-4.68E+00		-3.01E+00		1.00E-03

		12.5		3.16E-13		-12.5		-1.5		-1.13E+01		-5.17E+00		-3.00E+00		1.00E-03

		13		1.00E-13		-13		-1		-1.23E+01		-5.67E+00		-3.00E+00		1.00E-03

		13.5		3.16E-14		-13.5		-0.5		-1.33E+01		-6.17E+00		-3.00E+00		1.00E-03

		14		1.00E-14		-14		0		-1.43E+01		-6.67E+00		-3.00E+00		1.00E-03
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pure open carbonate

		T		25C

		pCO2		3.16E-04

		pK1		6.35		K1		0.0000004467

		pK2		10.33		K2		0

		pKw		14		Kw		0

		pKH		1.47		KH		0.0338844156

		pH		[H+]		log[H+]		log[OH-]		log[H2CO3*]		log[HCO3-]		log[CO32-]		log[CT]

		0		1.00E+00		0		-14		-4.97E+00		-1.13E+01		-2.17E+01		-4.97E+00

		0.5		3.16E-01		-0.5		-13.5		-4.97E+00		-1.08E+01		-2.07E+01		-4.97E+00

		1		1.00E-01		-1		-13		-4.97E+00		-1.03E+01		-1.97E+01		-4.97E+00

		1.5		3.16E-02		-1.5		-12.5		-4.97E+00		-9.82E+00		-1.87E+01		-4.97E+00

		2		1.00E-02		-2		-12		-4.97E+00		-9.32E+00		-1.77E+01		-4.97E+00

		2.5		3.16E-03		-2.5		-11.5		-4.97E+00		-8.82E+00		-1.67E+01		-4.97E+00

		3		1.00E-03		-3		-11		-4.97E+00		-8.32E+00		-1.57E+01		-4.97E+00

		3.5		3.16E-04		-3.5		-10.5		-4.97E+00		-7.82E+00		-1.47E+01		-4.97E+00

		4		1.00E-04		-4		-10		-4.97E+00		-7.32E+00		-1.37E+01		-4.97E+00

		4.5		3.16E-05		-4.5		-9.5		-4.97E+00		-6.82E+00		-1.27E+01		-4.96E+00

		5		1.00E-05		-5		-9		-4.97E+00		-6.32E+00		-1.17E+01		-4.95E+00

		5.5		3.16E-06		-5.5		-8.5		-4.97E+00		-5.82E+00		-1.07E+01		-4.91E+00

		6		1.00E-06		-6		-8		-4.97E+00		-5.32E+00		-9.65E+00		-4.81E+00

		6.5		3.16E-07		-6.5		-7.5		-4.97E+00		-4.82E+00		-8.65E+00		-4.59E+00

		7		1.00E-07		-7		-7		-4.97E+00		-4.32E+00		-7.65E+00		-4.23E+00

		7.5		3.16E-08		-7.5		-6.5		-4.97E+00		-3.82E+00		-6.65E+00		-3.79E+00

		8		1.00E-08		-8		-6		-4.97E+00		-3.32E+00		-5.65E+00		-3.31E+00

		8.5		3.16E-09		-8.5		-5.5		-4.97E+00		-2.82E+00		-4.65E+00		-2.81E+00

		9		1.00E-09		-9		-5		-4.97E+00		-2.32E+00		-3.65E+00		-2.30E+00

		9.5		3.16E-10		-9.5		-4.5		-4.97E+00		-1.82E+00		-2.65E+00		-1.76E+00

		10		1.00E-10		-10		-4		-4.97E+00		-1.32E+00		-1.65E+00		-1.15E+00

		10.5		3.16E-11		-10.5		-3.5		-4.97E+00		-8.20E-01		-6.50E-01		-4.26E-01

		11		1.00E-11		-11		-3		-4.97E+00		-3.20E-01		3.50E-01		4.34E-01

		11.5		3.16E-12		-11.5		-2.5		-4.97E+00		1.80E-01		1.35E+00		1.38E+00

		12		1.00E-12		-12		-2		-4.97E+00		6.80E-01		2.35E+00		2.36E+00

		12.5		3.16E-13		-12.5		-1.5		-4.97E+00		1.18E+00		3.35E+00		3.35E+00

		13		1.00E-13		-13		-1		-4.97E+00		1.68E+00		4.35E+00		4.35E+00

		13.5		3.16E-14		-13.5		-0.5		-4.97E+00		2.18E+00		5.35E+00		5.35E+00

		14		1.00E-14		-14		0		-4.97E+00		2.68E+00		6.35E+00		6.35E+00
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Exercise 2 - solution

Addition of hydrogen cyanide (HCN / CN-) to pure water.
e What is the equilibrium pH if 102 M HNC is added?

e What is the equilibrium pH if 102 M CN- is added?
Conditions: C; =102 M; T = 25 °C; pK,= 9.2; pK,, = 14
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log[concentration]

Addition of oxalic acid (H,A=H,C,0,) to pure water.

e What is the equilibrium pH if 102 M H,A is added?
e What is the equilibrium pH if 102 M HA" is added?
e What is the equilibrium pH if 102 M A% is added?

Exercise 3 - solution

Conditions: C;= 102 M; T = 25 °C; pK_,=1.27; pK,, = 4.27; pK,, = 14
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X: [H*]= [HA] + 2[A%] + [OH] if added as H,A
Y: [H,A]+ [H*]= [A%] + [OH]] if added as HA-
Z: 2[H,A]+ [HA] + [H*]= [OH"] if added as A>



Exercise 4 - solution
Addition of silicic acid to pure water: Si(OH), <> SiO(OH);" <> SiO,(OH),*

e What is the equilibrium pH if 103 M H,A is added?
e What is the equilibrium pH if 103 M HA" is added?

Conditions: C;= 103 M; T = 25 °C; pK,,=9.5; pK,, = 12.6; pK,, = 14
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