
Problem 1 (max. 15 points) 

(a) For eacli of the following reactions give (1) the balanced reaction equation with the products 
of the reaction, (2) the type of reaction (redox, acid-base, precipitation, gas-evolution) and (3) 
the expression for the equilibrium constant of the reaction. 

(i) 1M NaF (aq) with 1M Mg(N03)2 (aq) 

(ii) 0.1M Fe2(S04)3 (aq) with 0.1M CU2SO4 (aq) 
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(iii) K H C O 3 (aq) Willi 1M NaHS04 (aq) 2 , - 1 ^ yü^ 

(b) A volume of 50 mL of a 2 mM solution of CaCb is added to 50 mL of a 2 m"M solution of 
Ag2S04. Describe what will happen, and explain your answer by giving the relevant reaction 
equations and calculations. 
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Problem 2 (max 25 points) 

(a) Witfiout carrying out calculations, give for the reactions (i-iii) the sign of ASsys and ASs 
and indicate the temperature range (low, high or all temperatures) at which the reaction will 
proceed spontaneously (6p). Explain your answer briefly. 

(i) Pb2+(aq) + 2 |-(aq) Pbl2(s) AHOrxn = -62.9 kJ/mo! 
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(ii) CH3COOH (I) CH4 (g) + C O 2 (g) AHOrxn = +^ 6.2 kJ/mol 
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(iii) 2 O3 (g) -» 3 O2 (g) AHOrxn = -285 kJ/mol 

(b) By doing a calculation, determine if the reaction given below proceeds spontaneously at 
standard conditions (6p) 

HC03-(aq) + S2 (aq) HS-(aq) + C032 (aq) AH^rxn = -12.4 kJ/mol 
AS0rxn = -108 J/mol.K 
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(c) Calculate the equilibrium constant for the reaction given at problem 2b (6p) 

_ i f 

(d) By doing a calculation, determine if the reaction given at problem 2b proceeds 
spontaneously for the following conditions [HCOa^-] = 0.1 M, [S2-] = 0.1 M, [HS-] = 0.1 M, [COs^-] 
= 0.1 M, andT=298K (7p) 
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Problem 3 (max 25 points) acid-base 

Benzoic acid (E210) and citric acid (E330) are common food preservatives, but suffer from the 
drawback that they cause the food to taste slightly acidic. The acid ionisation constants are Ka= 
6.5 10-5 for benzoic acid, and Kai = 7.4 10-4 Ka2 = 1.7 10 ^ and Kas = 4.0 10-^ for citric acid. 
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(a) Give the balanced acid ionisation reactions belonging to these acid ionisation constants. 
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(b) Which of a 0.1 M aqueous solution of each compound E210 or E330 is most acidic? What 
happens to the pH of the solutions upon dilution with an equal volume of water? Explain your 
answer by using the relevant equilibrium equations. 

b( ^ U rv^UV . HöWef-ef k^i v-e^cU. 

1/ 

JvE

JvE

JvE

JvE

JvE

JvE

JvE



(c) Calculate the pH of a solution of 5 g benzoic acid (E210) in 100 mL of water. Give the 
complete calculation and clearly indicate the assumptions you've made. 
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(d) Also sodium benzoate (E211) is often used as a food preservative in O f f ) 
addition to benzoic acid. Calculate the pH of the resulting solution if 5 g 0^^3^ Na 
of sodium benzoate (E211) has been added to a solution of 5g of 1 ^ 
benzoic acid (E210) in 100 mLof water. 
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Problem 4 (max. 25 points) (kinetics) 

Given tfie following exotfiermic cfiemical reaction : 

A2 + 2B 2AB 

Compound A2 reacts via intermediate A witfi compound B to product AB. Analysis of tfie initial 
rates of formation of AB (v.AB) for different initial concentrations of A2 en B ([A2]i and [B]i, 
respectively) gives the following results: 

experiment Vi ,AB [A2]i [B]i 
(M/S) (M) (M) 

1 20 0.1 0.1 
2 40 0.2 0.1 
3 20 0.1 0.2 
4 40 0.2 0.2 

a) By using the data in the Table, give the rate equation for the formation of product AB 
expressed in concentrations of A2 en B. Explain your answer 
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b) By using the data in the Table, calculate the reaction rate constahf kfor the formation of 
product AB. Give the complete calculation and clearly indicate the units of k. 

JvE

JvE

JvE

JvE



c) Propose a plausible reaction scheme for the formation of AB that is consistent with the 
data in the Table and the rate equation for the formation of AB. 

d) Draw the reaction coordinate-energy diagram for the reaction of A2 to product AB. 
In this reaction coordinate-energy diagram clearly indicate the following: 

-reactants, intermediates, and products 
-the energy of activation and the reaction enthalpy 
-the rate limiting step 
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