
 

 

Systematic Approach to pH, Equilibrium, and Titrimetry 
 

Use any tools you wish to perform these calculations.  Some of these problems can best be 
solved by using mathematical or technological aids (successive approximations, quadratic 
formula, calculator solver, etc.).  Computer use is recommended wherever appropriate and 
possible. 
 
Complex Equilibria 
 

16. What is the approximate pH of a solution of 0.015 M arsenic acid (H3AsO4)? 
 
 Only the 1st ionization needs to be considered. 
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17. Determine the pH of 0.05 M sulfuric acid and show that the 2nd ionization contributes to the 

pH of the solution. 
 
H2SO4   +   H2O    →←    H3O+   +   HSO4

-      K1 = large 

HSO4
-   +   H2O    →←    H3O+   +   SO4

2-      K1 = 1.1 x 10-2  

 
Now… treat it just like any diprotic system, except don’t ignore the pH contribution by 
H2SO4. 
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Now for the hard one: mass balance H O .  2 contributors:

The sulfuric acid (100% ionized) and HSO  (H O  contribution

stoichiometrically tied to SO ).
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Now do all of the algebra...
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ve it numerically...

[H O ] 0.058 M    pH=1.24

Assuming no contribution yields
0.05 100 86% error
0.058
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18. What is the pH of the malonic acid buffer in which the malonic acid is 0.1 M and the sodium 

hydrogen malonate is 0.15 M?  Demonstrate mathematically that the malonate concentration 
is negligible. 
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19. Calculate the pH of 0.001 M sodium hydrogen carbonate. 
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20. Determine the approximate pH of the solution prepared by mixing 3.8 g of oxalic acid 

dihydrate with 1.3 g of sodium oxalate (Na2C2O4), placing the powder in a 100 mL 
volumetric flask, and diluting to the mark with deionized water. 
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21. Generate the complete titration curve for the titration of 10 mL of 0.1 M maleic acid with 0.1 
M NaOH. 

 

 
 

 
   
 
 

Titration curve of 10 mL of 0.1 M malonic acid with 0.1 M NaOH

2.821.4E-02K1 =
5.78.6E-07K2 =

mL10Vacid =
M0.1Cacid =
M0.1Cbase =

nmal2-nHmal -nHmal -nH2mal
[OH-][H3O+]Cmal2-producedCHmal -RemainingCHmal -producedCH2malRemainingVTotalnbaseVbase

pH(M)(M)(M)(mmol)(M)(mmol)(M)(mmol)(M)(mmol)(mL)(mmol)(mL)
Weak acid (K1) [rigorous soln]1.513.22E-130.031------------------------0.1001.0010.000.000.00
Buffer (K1) [rigorous soln]1.735.31E-130.01880.0170.200.0670.8012.000.202.00

[rigorous soln]|1.958.91E-130.01120.0290.400.0430.6014.000.404.00
|2.031.07E-120.00930.0380.600.0250.4016.000.606.00
|2.462.86E-120.00350.0440.800.0110.2018.000.808.00
|2.816.43E-120.00160.0470.900.00530.1019.000.909.00
|2.918.21E-120.00120.0480.920.00420.0819.200.929.20
|3.051.12E-110.000890.0480.940.00310.0619.400.949.40
|3.231.71E-110.000580.0490.960.00200.0419.600.969.60
|3.543.50E-110.000290.0490.980.00100.0219.800.989.80
|3.644.39E-110.000230.0500.980.000810.0219.840.989.84
|3.775.88E-110.000170.0500.990.000600.0119.880.999.88

Amphoteric salt: sqrt(K 1K2)3.969.11E-110.000110.0510.0501.000.000000.0020.001.0010.00
Buffer (K2)4.382.37E-104.2E-050.000990.020.0485150.9820.201.0210.20

|4.462.86E-103.5E-050.0011860.0240.0482210.97620.241.0210.24
|4.523.35E-103E-050.0013810.0280.0479290.97220.281.0310.28
|4.694.84E-102.1E-050.0019610.040.0470590.9620.401.0410.40
|5.001.01E-099.9E-060.0038460.080.0442310.9220.801.0810.80
|5.111.29E-097.7E-060.0047620.10.0428570.921.001.1011.00
|5.462.91E-093.4E-060.0090910.20.0363640.822.001.2012.00
|5.897.75E-091.3E-060.0166670.40.0250.624.001.4014.00
|6.241.74E-085.7E-070.0230770.60.0153850.426.001.6016.00
|6.674.65E-082.1E-070.0285710.80.0071430.228.001.8018.00
|7.021.05E-079.6E-080.0310340.90.0034480.129.001.9019.00
|7.131.34E-077.5E-080.0315070.920.002740.0829.201.9219.20
|7.261.82E-075.5E-080.0319730.940.0020410.0629.401.9419.40
|7.452.79E-073.6E-080.0324320.960.0013510.0429.601.9619.60
|7.765.70E-071.8E-080.0328860.980.0006710.0229.801.9819.80

Weak conj base (K b1)9.291.97E-055.1E-100.03333310030.002.0020.00
Excess NaOH10.820.0006621.5E-1130.202.0220.20

|11.120.0013167.6E-1230.402.0420.40
|11.290.0019615.1E-1230.602.0620.60
|11.410.0025973.8E-1230.802.0820.80
|11.510.0032263.1E-1231.002.1021.00
|11.800.006251.6E-1232.002.2022.00
|11.960.0090911.1E-1233.002.3023.00
|12.070.0117658.5E-1334.002.4024.00
|12.150.0142867E-1335.002.5025.00
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