
CHEM 2800 
Second Midterm Test Thursday March 22, 2018 

Part A. Answer each question briefly with a few sentences or equations as necessary (5 marks 
each). 

 

1. State and explain two examples of the properties of water that demonstrate how unique a 
substance it is. 
 
Many possibilities here.  
- Ice floats (the density of ice is lower than that of liquid water, the density of water goes 
through a maximum at 4oC) 
- Liquid water is an excellent solvent for polar or charges species 
- Water can act as an acid or a base (it is amphoteric) 
- Water can be oxidized or reduced 
- Water has a large enthalpy of vapourization 
- … 
 

2. Why are limestone-lined lakes protected from acidification? Show the relevant reactions 
(2 marks) and explain (3 marks). 

 CaCO3(s) Ý Ca2+
(aq) + CO3

2-
(aq) 

 CO3
2
¯ (aq) + H3O+

(aq)  Ý HCO3¯(aq) + H2O(l) 

 Although the limestone (calcium carbonate) is not very soluble, there are some carbonate 
ions present. These react with hydronium ions, reducing the acidity, and causing more 
limestone to dissolve, so the buffering action of the carbonate ion is always present. 

3. Why is the alkalinity of 0.05 Na2CO3(aq) greater than that of 0.05 M NaHCO3(aq) ? Show 
the relevant reactions (2 marks) and explain (3 marks). 

Alkalinity is a measure of the ability of a water sample to neutralize acidity, i.e. to react 
with hydronium ions. The CO3

2
¯ (aq) ion from Na2CO3(aq) can neutralize two hydronium 

ions according to the reaction CO3
2
¯ (aq) + 2 H3O+

(aq)  Ý H2CO3(aq) + 2 H2O(l). The 
HCO3¯(aq) ion from NaHCO3(aq) can neutralize only one hydronium ion according to the 
reaction HCO3¯ (aq) + H3O+

(aq)  Ý H2CO3(aq) + H2O(l). 

 
 

 



3. Explain how increasing the pH will affect the toxicity of arsenic in a water sample, 
knowing that the following reaction happens:  
H3AsO4(aq) + 4 H3O+

(aq) + 4 e−  ∏ H3AsO3(aq) + 6 H2O(l)  

The As atom in H3AsO4(aq) is at a +5 oxidation state. The As atom in H3AsO3(aq) is at a +3 
oxidation state, which is more toxic. Increasing the pH will shift the reaction to the left, 
so the toxicity will decrease. 

5.  Do the following reactions involve acid−base chemistry, redox chemistry, or both? Tick 
the appropriate boxes. 

 Acid−Base 
Chemistry 

Redox 
Chemistry 

CH4(aq) + 12 H2O(l) ∏ HCO3(aq)− + 9 H3O+
(aq) + 8 e−       

Fe2+
(aq)  ∏ Fe3+

(aq) + e−   
HCO3−

 
(aq) + H2O(l) ∏ CO3

2-
(aq) + H3O+

(aq)   
HS− (aq) + H3O+

(aq) ∏ H2S(aq) + H2O(l)   
2 H2O(l) + 2 e−  ∏ H2(g) + 2 OH− (aq)   

 

6. Why is a free metal ion (e.g. Cd2+
(aq)) more toxic than a complexed one (e.g. CdCl3

¯
(aq))? 

 The free metal ion is able to cross cell membranes more easily. 

 

 

  



Part B.  Answer B1 and B2. Answer Either B3 or B4 (the best of these two will be 
counted). 20 marks each. 

B1.   Ksp for PbCrO4(s) in water is 2.8 × 10‒13. Calculate the solubility of PbCrO4(s) (in mol/L) 
 in: 

 (a) Calculate the solubility of PbCrO4(s) (in mol/L) in pure water. 

 Ksp = 2.8 × 10‒13 = [Pb2+
(aq)][CrO4

2‒
(aq)] 

 But solubility = [Pb2+
(aq)] = [CrO4

2‒
(aq)] = (2.8 × 10‒13)1/2 = 5.29 × 10‒7 M 

  

 (b) Calculate the solubility of PbCrO4(s) (in mol/L) in 0.1 M Na2SO4(aq). 
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B2.  H2S is a weak acid with Ka1 = 1.0 × 10‒7 and Ka2 = 1.0 × 10‒19.  Calculate the fractions of 
H2S(aq), HS‒

(aq) and S2‒
(aq) present in water at pH = 7.5 

  

 At pH = 7.5, [H3O+
(aq)] = 10‒7.5 = 3.16 × 10‒8 M 
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B3.  A water sample has a total carbonate species concentration of 0.1 M, pH = 10.0,  
[HS‒

(aq)] = 0.05 M and [Al3+] = 0.005 M. Use this information and the speciation graph 
below to calculate the alkalinity of this sample. 

 

At pH 10.0, we see from the graph that α(HCO3
‒

(aq)) = 0.64 and α(CO3
2‒

(aq)) = 0.36. If the total 
carbonate species concentration is 0.1 M, then  

[HCO3
‒

(aq)] = 0.1(0.64) = 0.064 M  
and  
[CO3

2‒
(aq)] = 0.1(0.36) = 0.036 M 

At pH = 10.0, [H3O+
(aq)] = 1.0 × 10‒10 M 

pOH = 14 ‒ pH = 4.0, thus [OH‒] = 1.0 × 10‒4 M 

Alkalinity = [OH‒] + [HCO3
‒] + 2 [CO3

2‒] + [HS‒] ‒ [H3O+] ‒ 3 [Al3+] 

= 10‒4 M + 0.064 M + 2 (0.036 M) + 0.05 M ‒ 10‒10 M ‒ 3(0.005 M) = 0.17 M 
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B4.  Formation constants for complexes between the Cu2+
(aq) ion and the chloride ion are: 

 Kf1 = 9.6, Kf2 = 0.51, Kf3 = 0.73, Kf4 = 0.28. If the total copper concentration in a water 
sample is 0.001 M, and [Cl‒

(aq)] = 0.2 M, calculate the concentrations of Cu2+
(aq), 

CuCl+
(aq), CuCl2(aq), CuCl3-

(aq) and CuCl4
2-

(aq) (all in mol/L). 

 Cu2+
(aq) + Cl‒(aq) Ý CuCl+(aq)  β1 = Kf1 = 9.6 

 Cu2+
(aq)  + 2 Cl‒(aq) Ý CuCl2(aq) β2 = Kf1Kf2 = 9.6(0.51) = 4.90 

 Cu2+
(aq)  + 3 Cl‒(aq) Ý CuCl3

‒
(aq) β3 = Kf1Kf2Kf3 = 9.6(0.51)(0.73) = 3.57 

  Cu2+
(aq) + 4 Cl‒(aq) Ý CuCl4

2‒
(aq) β3 = Kf1Kf2Kf3Kf4 = 9.6(0.51)(0.73)(0.28) = 1.00 

 As shown in class, the concentration of uncomplexed metal ion is: 
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R = 8.314 J K-1 mol-1 
1 bar = 105 Pa 
go = 9.80 m s‒2 

0°C = 273.15 K 
 

NAv = 6.02 x 1023 mol-1 

1 Pa m3 = 1 J 
c = 3.00 x 108 m s-1 

h = 6.63 x 10-34 J s 
 

 

 



 

 


