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Question 01     
Water gas is a cheap industrial gas obtained by the following reaction:  C(s) + H2O(g) → CO(g) + H2(g). a)
Is  the  production  of  water  gas  exothermic  or  endothermic?  b)  Calculate  the  enthalpy  change  in  the
production of 200 L of hydrogen at 0.65 atm and 65ºC by this reaction. Consider ideal conditions.
Data: R = 0.082 L.atm.K-1.mol-1.

Substance Enthalpy of formation, ΔHf
o

(kJ.mol-1)
C(g) + 716.68

CO(g) - 110.53
CO2(g) - 393.51

H(g) + 217.97
H2O(l) - 285.83
H2O(g) - 241.82

Question 02      
The reaction between two compounds X and Y presented an experimental rate law given by v = kv[X][Y],
where kv is the rate constant and the terms in brackets refer to the concentration of X and Y. The half-life
(t1/2) for this reaction was 900 s at 25 ºC when the initial concentrations of X and Y were equal to 0.210 mol
L–1. For the same reaction, calculate t1/2 at 35 ºC for initial concentrations of X and Y equal to 0.170 mol L–1.
The activation energy (Ea) for the studied reaction is 210 kJ mol–1. 

Assume that Ea does not vary significantly in the investigated temperature range.
R = 8.314 J (mol K)–1.

Question 03       
A buffer solution was prepared by adding 9.97 mL of 0.1 mol L -1 KOH in 23.14 mL of 0.1 mol L-1 acetic
acid (HAc).  The final  volume of this  solution was adjusted to  100 mL into a  volumetric  flask,  by the
addition of distilled water. What is the pH of the resulting solution? The HAc pKa is 4.74.

Question 04       
A concentrated solution of Na2SO4 is added gradually to a solution containing Sr2 + 0.3 mol L-1 and Pb2 + 0.3 
mol L-1. Considering that there is no significant change in the volume, what will be the concentration of Pb2+

in the solution when SrSO4(s) starts to precipitate? Data: Ks (PbSO4) = 1.6 × 10-8 and Ks (SrSO4) = 2.8 × 10-7.
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Question 05       
Analyzing the molecular orbital diagrams can help understanding the properties and reactivity of a molecule.
a) Draw the molecular orbital diagram of the H2 and He2 molecules and give the bond order for each of
them. Explain why the helium gas is found in the atomic form instead of a diatomic molecule. 

b) Draw the molecular orbital diagram of the N2, give the bond order, and explain why this molecule is less
reactive compared to other diatomic molecules of the elements of the same period table period. 
The atomic number of the elements is: H=1, He=2 e N=7

Question 06       
Draw the Lewis structure of the molecules below. Indicate the geometry for each of them and justify the
geometry using the hybridization of the central atom.

a) ICN 
b) NO3

-

c) SF5
+

d) H2O
e) SO2 

The atomic numbers of the elements are: H=1, C=6, N=7, O=8, F=9, S=16, I=53

Question 07      
The pKa values of phenol, m-nitro-phenol and p-nitro-phenol are: 9.89; 8.28 and 7.15, respectively. Explain
the origin of these pKa differences.

Question 08      
The halogenoalkanes may react with hydroxide ions to undergo nucleophilic displacement of the halide
ion,leading  to  the  formation  of  an  alcohol.  One  complication  of  these  reactions  is  competition  with
elimination  reactions.  Predict  the  possible  products  of  the  reaction  of  2-bromo-pentane  with  sodium
hydroxide.
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