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Theoretical problems 
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Problem 1. Butadiene ˊ-electron system 

1. Butadiene possesses 4 ˊ-electrons. 

2.  

  

3. ȹEf = 2E1 + 2E2 ï 4Ŭ = 4.48 ɓ 

4. ȹEc = 2E1 + 2E2 ï 2 × 2(Ŭ + ɓ) = 0.48 ɓ < 0 

Correct statement: Butadiene 

5. q1 = q2 = 0; q3 = q2 = 0 et q1 = q4 = 0 

6. I12 = 0.8943 

I23 = 0.4473 

I34 = 0.8943 

Strongest double-bond character: bonds C1C2 and C3C4. 

7.  

8.  

  
 

E1	

E2	

E3	

E4	

Anti-bonding 

Anti-bonding 

Bonding 

Bonding 
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9. c12 = c13 = c14 = 0.5 

c22 = c24 = 0; c23 = ï0.707 

c31 = c33 = 0; c34 = ï0.707 

c42 = c44 = ï0.5; c43 = 0.5 

10. ȹEfô = 2E1 + 2E2 ï 4 Ŭ = 4 ɓ 

ȹEcô = 2E1 + 2E2 ï 2 × 2(Ŭ + ɓ) = 0 

Correct answer: Both are equally stable 

11. ȹEf (butadiene) < ȹEfô(cyclobutadiene) 

Correct statement: Butadiene 

12. Correct statements: 

This deformation stabilizes C=C double bonds. (shortening of the double bonds, stronger 

overlap of the 2pz orbitals) 

This deformation does not affect the stability due to electronic conjugation. (ȹEcô = 0 so 

there was no stabilization due to delocalization in the square geometry. Hence, localizing 

the double bonds does not affect the electronic conjugation) 

13. Correct statement: 

More stable than the square cyclobutadiene. 

 

Problem 2. Localization and delocalization in benzene 

1. 3 C2H2 = C6H6 

2.  

 (K1) 

3.  

 

4. E  ́= 2t 

5. EK1 = 3 × 2t = 6t 

6.  

 (K2) 

7. EK2 = EK1 = 6t 
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8.   

 

9. Using c1
2 + c2

2 = 1, 

   ὧ  ρ  ὧ   

Hence Ὁ Ὁ  Ὁ  Ὁ ὧ ςὧ ρ  ὧὌ     

10. EK(H12 = 0) = (1 ī c1
2) EK2 + c1

2 EK1 

DE1 = 7t ï 6t = t 

11. t < 0,  so DE1 < 0: electronic delocalization contributes to stabilize the benzene molecule. 

12. See answer 13. 

13.  

  

14. EMO = 2 × 2t + 4t = 8t and DE2 = (2 × 2t + 4t) ï 6t = 2t 

15. Since t < 0, DE2 = 2t < t = DE1 

16. Correct answer: |ȹrHb°| < 3 |ȹrHc°| 

 

Problem 3. Study of liquid benzene hydrogenation 

1. 6 C(graphite) + 3 H2(g) = C6H6(l) 

 

 

 

-2t 

-t 

t 

2t 
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2.  

 
 

æfH°(C6H6(l)) = 6æsubH°(C(graphite)) + 3D°(H2(g)) ï 6ædH°(C-H)  3ædH°(C-C)  

3ædH°(C=C)  ævapH°(C6H6(l)) 

æfH°(C6H6(l)) = 6 × 716.7 + 3 × 436.0 ï 6 × 414.8  3 × 346.9 ï 3 × 614.5 ï 33.9 

æfH°(C6H6(l)) = 201.3 kJ molï1 

3. æfH°(C6H6(l)) = 6æcombH°(C(graphite)) ï 3æcombH°(H2(g)) ï æcombH°(C6H6(l)) 

æfH°(C6H6(l)) = ï6 × 393.5 ï 3 × 285.6 + 3268.0 

æfH°(C6H6(l)) = 50.2 kJ molï1 

4. Eresonance = 50.2 ï 201.3 = ï151.1 kJ molï1 

Correct statement: 

The method used at question 2 does not take into account the nature of bonds in benzene. 

5. C6H6(l) + 3H2(g) = C6H12(l) 

ærH°(hydrogenation) = ï æfH°(C6H6(l)) ï 3æfH°(H2(g)) + æfH°(C6H12(l)) 

ærH° = ï50.2 ï 3 × 0.0 ï 156.4 = 206.6 kJ molï1 

6. ærH°(hydrogenation) = x ï 112.1 ï 119.7 = 206.6 

x = 25.2 kJ molï1 

7. Correct statement: 

The breaking of benzene aromaticity. 

8.  

 

6 C(graphite) + 3 H2(g) C6H6(l)

6 C(g) + 6 H(g)

H

H

H

H

H

H

ȹfHÁ(C6H6(l))

(g)

ï ȹvapHÁ(C6H6)
6 ȹsubHÁ298K(C(graphite))

+ 3 DÁ(H2(g))

ï 6 ȹdHÁ(CïH) ï 3 ȹdHÁ(CïC)

ï 3 ȹdHÁ(C=C)

2 Ĭ 119.7 kJ mol-1

119.7 + 112.1 kJ mol-1

Eres = 7.6 kJ mol-1
2 H2

2 H2
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Problem 4. Use of dihydrogen: fuel cells 

1. At the anode: H2(g) = 2 H+(aq) + 2 eī 

At the cathode: 1/2 O2(g) + 2 H+(aq) + 2 eī = H2O(l) 

Global reaction: H2(g) + 1/2 O2(g) = H2O(l) 

2. U = E°(O2(g)/H2O(l)) ï E°(H+(aq)/H2(g)) = 1.23 V 

3. The temperature and the pressure of the system are fixed. Hence, the maximum energy that 

can be recovered from a system is computed from Gibbs free energy. 

æcombG°298K(H2(g)) = ïn F U = ï2 × 96485 × 1.23 = 237 kJ molï1 

4. E being the energy to be produced: 

n(H2(g)) =   
Ў Ј

 = 3.0·102 mol 

V =    = 
Ȣ   Ȣ   

Ȣ
 = 7.5 m3 

5.  

 
 

æcombH°298K(H2(g)) = æfH°298K(H2O(g)) + C°P
H2O(g)

 (373  298)  ævapH°373K(H2O) + 

C°P
H2O(l) (298  373) 

æcombH°298K(H2(g)) = 241.8 + 33.6·10 3 × (373 ï 298)  40.66 + 75.3·10 3 × (298 ï 373) 

æcombH°298K(H2(g)) = 286 kJ mol 1 

 

Thus, the thermodynamic eǣciency of the dihydrogen fuel cell is: 

‎  = 
Ў Ј

Ў Ј
  =  = 0.83 

206.6 kJ mol-1

3 Ĭ 119,7 kJ mol-1

Eres = 152.5 kJ mol-1

3 H2

3 H2

H2(g) (298 K) + 1/2 O2(g) (298 K) H2O(l) (298 K)

ȹfHÁ298K(H2O(g))
CÁp(H2O(l)) Ĭ (298 ï 373)

ï ȹvapHÁ373K(H2O)

ȹcombHÁ298K(H2(g))

H2O(l) (373 K)H2O(g) (373 K)H2O(g) (298 K)

CÁp(H2O(g)) Ĭ (373 ï 298)
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6. æcombG°298K(H2(g)) = æcombH°298K(H2(g))  TæcombS°298K(H2(g)) with T = 298 K 

æcombS°298K(H2(g)) = 
Ў Ј Ў Ј

 =  

æcombS°298K(H2(g)) = 164 J mol 1 K 1 

7. The difference between the stoichiometric coefficients of the gaseous compounds in the 

balanced chemical equation for the reaction is: 

0 ï (1 + 1/2) = 3/2 < 0 

This is consistent with a decrease of the disorder. 

8. in methanol: OS(C) = II  

in CO2:  OS(C) = +IV 

9. At the anode: CH3OH(l) + H2O(l) = CO2(g) + 6 H+(aq) + 6 eī 

At the cathode: 3/2 O2(g) + 6 H+(aq) + 6 eī = 3 H2O(l) 

Global reaction: CH3OH(l) + 3/2 O2(g) = CO2(g) + 2 H2O(l) 

10. æcombG°298K(CH3OH(l)) =  nF [E°(O2(g)/H2O(l))  E°(CH3OH(l)/CO2(g))] 

æcombG°298K(CH3OH(l)) = 6 × 96485 × (1.23  0.03) 

æcombG°298K(CH3OH(l)) = 695 kJ molï1 

 

æcombH°298K(CH3OH(l)) =  æfH°298K(CH3OH(l)) + æfH°298K(CO2(g)) + 2æfH°298K(H2O(l)) 

æfH°298K(H2O(l)) = æcombH°298K(H2(g)) = 286 kJ mol 1 (question 5). Hence: 

æcombH°298K(CH3OH(l)) =  ( 239) + ( 394) + 2 × ( 286) 

æcombH°298K(CH3OH(l)) = 727 kJ molï1 

‎  = 0.96 

11. ὲ
Ў Ј

  
 = 1.04·102 mol 

V =  
    

Ȣ
 = 4.2·103 mL < V(gaseous dihydrogen) 

 

12. E being the energy to be produced: 

ὲ
Ў Ј

  
 = 3.04·102 mol 

P = 
Ȣ   Ȣ   

Ȣ
 = 1.8·108 Pa 

 

Problem 5. Hydrogen storage 

1. ὖὠ ὲὙὝᵾ  

 ”
Ȣ   

Ȣ   
τρȢρ kg mï3 

2. Correct statements: 

16 K, 25 K 

3. Using the Clausius-Clapeyron relation and the boiling point under a pressure of 1 atm: 

ÌÎ
Ў Ј

, so: ὖ Ȣ ὖ ÅØÐ
Ў Ј

Ȣ
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ævapH°m = 448.69 kJ kgï1, so that ævapH° = 897.38 J molï1 

P27.15K =ρȢπρπÅØÐ
Ȣ

Ȣ Ȣ Ȣ
 = 0.380 MPa = 3.75 atm 

4. Dehydrogenated complex: W(CO)3(P(iPr)3)2 = WC21O3P2H42     M = 588.4 g molï1 

Each complex can store one molecule of dihydrogen. In 1 kg of dihydrogen, there are 500 

mol of dihydrogen. Hence, m = 294.2 kg of dehydrogenated complex are needed to store 

1 kg of dihydrogen. 

Once bound to 1 kg of H2, the complex thus weighs mKubas = 295.2 kg 

 

”     hence     ”  6.6·10ï6 kg(H2) m
ï3 

5.  [Xe] (6s)2(4f)14(5d)4 so 6 valence electrons (4f layer is full) 

6.  

   

s dz² dyz 

   
dxz dxy dx²-y² 

7.  
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8. xz and yz planes 

 

9. An orbital is symmetric with respect to a symmetry element if it remains the same when the 

symmetry operation is applied. An orbital is antisymmetric with respect to a symmetry 

element if it changes to its opposite when the symmetry operation is applied. The results 

are gathered in the diagram below. 

10. As a general rule, interactions between two orbitals implying two electrons with the same 

symmetry lead to a stabilization inversely proportional to the difference of energy between 

the two orbitals. On the contrary, an interaction between two orbitals implying four 

electrons destabilizes the complex. Two orbitals have the same symmetry if all the 

symmetry elements are the same for each of the fragments. Moreover, all valence electrons 

have to be considered for tungsten to fill the d orbitals. Thus, 6 electrons for the metallic 

core and 2 electrons for hydrogen molecules are considered. One has to use Aufbau and 

Pauli principles. The result is depicted on the diagram below. 

11. For all conformations, dz² and dx²-y² interacts with ůH2. 

For conformation (1), only dxz interacts with ů*H2. 

For conformation (2), only dyz interacts with ů*H2. 

 
 

In conformation (1), ů* is SA (symmetric for xz plane and antisymmetric for yz plane) and 

in conformation (2), ů* is AS. So in conformation (1), ů* interacts with dxz (same symmetry 

SA), while in conformation (2) it interacts with dyz. In conformation (1), the energies of the 

two interacting parts are the closest, thus leading to an enhanced stabilization.  
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12. ”  

”
  Ȣ Ȣ

    
 = 53.0 kg m 3 

The hydrogen density is higher in formic acid than for high pressure (500 bars) dihydrogen 

(31 kg m 3) but lower than for cryogenic liquid hydrogen (70.85 kg m 3). If one can extract 

efficiently H2 molecule from formic acid, it constitutes a good alternative to pure H2 

storage. 

13.  

ЎὌЈ ’ЎὌЈ 

ærH° = ï (ï425.09) + (ï393.51) + 0 = 31.58 kJ mol 1 

ЎὛЈ ’Ὓȟ
Ј
 

ærS° = ï (131.84) + 213.79 + 130.68 = 212.63 J mol 1 K 1 

14. ærG°(T) = ærH° ï T·ærS° 

ærG°(T) = 31.58 ï 0.213 × 293 = 30.8 kJ mol 1 

ὑЈ Å
Ј

 
So: K° = 3.1·105 

15. ὲ ὲ ȟ  

ὲ
Ȣ Ȣ   ȢȢ

Ȣ   Ȣ
 = 0.04 mol 

 

 HCOOH(l) CO2(g) H2(g) 

Initial ὲ  ὲ
ȟ
 ὲ

ȟ
 

Intermediate ὲ ‚ ὲ
ȟ
‚ ὲ ȟ ‚ 

Final 0 ὲ
ȟ
ὲ  ὲ ȟ ὲ  

ὲ
ά

ὓ
 

ὲ ȟ ὲ
Ȣ

Ȣ
πȢπυ  mol 

Due to its high equilibrium constant, the reaction can be considered as total, and ὲ ȟ

 ὲ ȟ π ÍÏÌ, so at equilibrium: ὲ  ὲ ὲ ȟ 

16. LaNi5H6: ɟH = 118 kg m 3 

Mg2NiH4: ɟH = 95 kg m 3 

17. ÌÎ  

From the slope of the curves 

ÌÎ
ὖ

ὖ
Ὢ
ρ

Ὕ
 

We find: 

LaNi5H6: Qads = 31.9 kJ mol 1 

Mg2NiH4: Qads = 83.0 kJ mol 1 
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Problem 6. Deacidification and desulfurization of natural 
gas 

1. CnH2n+2 + n H2O = n CO + (2n+1) H2 

2. ȹrH° = 205.9 kJ mol 1; ȹrS° = 214.7 J K 1 mol 1; ȹrG° = 46 kJ mol 1 = RT ln(K°) then 

K° = 112 

3. pH > 7: HCO3  and CO3
2  can be encountered in solution 

(i) with amine: 

A + CO2 + H2O = AH+ + HCO3     102.9 

A + H2S = HS  + AH+     102.5 

 

(ii) with NaOH: 

if, for kinetic reasons, CO2 and/or H2S do not react with the amine: 

CO2 + 2 HO  = CO3
2  + H2O (HO  in excess) 1011.3 

H2S + 2 HO = S2  + H2O (idem)   108.0 

in all cases:  

CH3SH + HO = CH3S  + H2O    103.7 

4. With MEA, case (i) of question 5: 

HCO3 : n1; HS : n2; MEA: n0  (n1 + n2); MEAH+: n1 + n2 

5. CH3SH 

6. A1F1, titration by H+ first: 

Veq = 24 mL hence 24 mmol = n0  (n1 + n2) 

so: n1 + n2 = 26 mmol 

 

A1F2: 

between V1 and V2 (4 mL): titration of CH3S  (n3) Ÿ n3 = 4 mmol 

7. A2F1, titration by H+ first: 

Veq = 36 mL so 36 mmol = n0  ni (i = 1 or i = 2) 

so: ni = 14 mmol 

8. Two possibilities: 

- at half-equivalence of last step of A2F2, pH = 6.4. Hence gas 2 contains CO2, so H2S 

has reacted. 

n1 = 12 mmol et n2 = 14 mmol 

- more complete, considering both hypotheses: 

 

 

 

CO2 ï H2S ï CH3S Gas 1 CO2 ï H2S ï CH3S 

CO2 has reacted with MDEA hypothesis H2S has reacted with MDEA 

MDEA ï MDEAH+ ï HCO3
 F1 MDEA ï MDEAH+ ï HS  
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CH3SH (4 mmol) ï H2S (12 mmol) Gas 2 CH3SH (4 mmol) ï CO2 (12 mmol) 

HO  (22 mmol) ï CH3S  (4 mmol) 

S2  (12 mmol) 
F2 

HO  (22 mmol) ï CH3S  (4 mmol) 

CO3
2  (12 mmol) 

pKa = 14.0; 13.0; 10.3; 7.0 

so Veq should be 34 ï 38 ï 50 mL 
Veq 

pKa = 14.0; 10.3; 10.3; 6.4 

so Veq should be 22 ï 38 ï 50 mL 

22 mL is lacking Ÿ false 

validity  

of the 

hypothesis 

22 mL is present Ÿ true 

 

Problem 7. Lavoisierôs experiment 

1.  Correct statement: 100 J Kī1 mol 1 

Since Hg2O is a solid, its Sm° should be smaller than that of gases like O2 (200 J K-1 mol-1). 

In addition, the standard molar entropy of a compound can be 0 J Kī1 molī1 only in a perfect 

crystalline state at 0 K, which is not the case here (298 K).  

2. HgO formation: Hg(l) + 1/2 O2(g) = HgO(s) 

Hg2O formation: 2 Hg(l) + 1/2 O2(g) = Hg2O(s) 

3. a) HgO (red) 

Calculation: 

ȹrHÁ = ȹfH°(HgO(s)) = 90 kJ mol 1 (because ȹfH°(Hg(l)) = 0 kJ mol 1) 

ȹrS° = S°m(HgO(s)) ï S°m(Hg(l)) ï 1/2 S°m(O2(g)) = 105 J K 1 mol 1 

ȹrGÁ = ȹrH°  298 Ĭ ȹrS° = 58.7·10³ J mol 1 

K° = exp( ȹrG°/RT) = 1.95·1010  

 

b) HgO (yellow) 

Calculation: 

ȹrHÁ = ȹfH°(HgO(s)) = 87 kJ mol 1 

ȹrS° = S°m(HgO(s)) ï S°m(Hg(l)) ï 1/2 S°m(O2(g)) = 105 J K 1 mol 1 

ȹrGÁ = ȹrH°  298 Ĭ ȹrS° = 55.7·10³ J mol 1 

K° = 5.83·109 

 

c) Hg2O 

Calculation: 

ȹrHÁ = ȹfH°(Hg2O(s)) = 90 kJ mol 1 

ȹrS° = S°m(Hg2O(s)) ï 2 × S°m(Hg(l)) ï 1/2 S°m(O2(g)) = 150 J K 1 mol 1 

ȹrGÁ = ȹrH°  298 Ĭ ȹrS° = 45.3·10³ J mol 1 

K° = 8.72·107 

4. HgO (red): Hg(NO3)2(s) = HgO(s) + 2 NO2(g) + O2(g) 

HgO (yellow): Hg2+(aq) + 2 HO(aq) = HgO(s) + H2O(l) 

5. n(Hg,i) = 122 / 200.6 = 6.08·101 mol 

At 25 °C, Vm = 24 L mol 1 so 0.80 L of air corresponds to 0.0333 mol of gas molecules. 

O2 constitutes 20% of air, so: 

n(O2) = 0.0333 × 0.20 = 6.7·10 3 mol 

The reaction is quantitative and O2 is the limiting reagent therefore ɝmax = 6.7·10 3 mol. 

n(Hg) = n(Hg,i) ï 2 ɝmax = 6.08·10 1 ï (2 × 6.7·10 3) = 5.95·10 1 mol 
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n(O2) = 0 mol (limiting) 

n(HgO) = 2 ɝmax = 1.3·10 2 mol 

6. M(HgO) = 200.6 + 16.0 = 216.6 g mol 1 

m(HgO) = n(HgO) × M(HgO) = 2.8 g 

7. Correct statement: The yield is not maximum. 

Relative difference: (2.8  2.3) / 2.8 = 18%, which is a rather high discrepancy: Lavoisier 

did not reach the maximum yield (maybe for kinetic reasons?). 

The other statements are not satisfactory as they would explain an apparent yield higher 

than expected. 

 

Problem 8. Which wine is it? Blind tasting challenge 

1. Half-reactions: 

C6H12O6(s) + 12 H+(aq) + 12 eī = 3 C2H6O(l) + 3 H2O (l) 

C2H6O(l) + 3 H2O(l) = 2 CO2(g) + 12 H+(aq) + 12 eī 

Hence: 

C6H12O6(s) = 2 C2H6O(l) + 2 CO2(g) 

No, this reaction does not require the presence of dioxygen. 

2. ȹrH°(298 K) = 2 ȹfH°(C2H6O(l)) + 2 ȹfH°(CO2(g)) ï ȹfH°(C6H12O6(s)) 

    = ï67.0 kJ mol 1 

ȹrS°(298 K) = 2 S°m(C2H6O(l)) + 2 S°m (CO2(g)) ï S°m (C6H12O6(s)) 

      = 536.5 J mol1 K 1 

ȹrG°(298 K) = ȹrH°(298 K) ï T ȹrS°(298 K) = ï226.9 kJ mol 1 

Yes, this reaction generates heat because ȹrH° < 0. 

3. C6H12O6(s) + 6 O2(g) = 6 CO2(g) + 6 H2O(l) 

Yes, this reaction requires the presence of dioxygen. 

4. Half-reactions: 
(1) C2H6O(l) + H2O (l) = C2H4O2(l) + 4 H+(aq) + 4 eī 

(2) Cr2O7
2ï(aq) + 14 H+(aq) + 6 eī = 2 Cr3+(aq) + 7 H2O(l) 

Hence: 

2×(2) + 3×(1): 

2 Cr2O7
2ï(aq) + 3 C2H6O(l) + 16 H+(aq) = 4 Cr3+(aq) + 3 C2H4O2(l) + 11 H2O(l) 

5. ȹrG°(Cr2O7
2ï/Cr3+) = ï 6FE°(Cr2O7

2ï/Cr3+) 
ȹrG°(C2H4O2/C2H6O) = ï 4FE°(C2H4O2/C2H6O) 
Hence ȹrG° = 12F(E°(C2H4O2/C2H6O) ï E°(Cr2O7

2ï/Cr3+)) = ïRTlnK° 

And K° = 10231  

K° >> 1, so the reaction can be used to determine the concentration of alcohol in wine. 

6. pH = ïlog[H3O
+] = ïlog(c(H2SO4)) = 1 

7. At the equivalence point, n(H3O
+) = n0(H3O

+) ï 8V0 ×[Cr2O7
2ï] = 1·10ï2 ï 8 × 1.00·10ï1 × 

5·10ï3 = 6·10ï3 mol. 

Hence, pH = ïlog[H3O
+] = 1.3 taking into account the dilution. 

No, because the pH does not change significantly along the reaction course. 
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8. At the equivalence point, , i.e. ,  

Where c(C2H6O) is the concentration of alcohol in the diluted wine. 

c(C2H6O) = 0.05 mol L 1 so the concentration of ethanol in the non-diluted wine is 

2.5 mol L 1. 

In terms of mass concentration: cm(C2H6O) = c(C2H6O) × M(C2H6O) = 115 g L 1.  

The percentage of alcohol per volume of this wine is thus: 

 
 
ρππ 

 

Ȣ Ͻ
ρππ = 14.6%  

Wine X is thus a Châteauneuf du Pape. 

 
Problem 9. Nitrophenols: synthesis and physical properties  

1.  

 

2. 2,6-dinitrophenol, 2,4-dinitrophenol, 2,4,6-trinitrophenol are possible products due to 

polynitration. 3-nitrophenol is also a possible side-product but it is not favored because the 

corresponding Wheland intermediate is less stable. 

3. A: 2-nitrophenol,  B: 4-nitrophenol  

The easiest assignment is for the 4-nitrophenol B. Indeed, due to the symmetry of the 

molecule, it presents two doublets with an integration of 2 protons. To assign the shifts, we 

have to keep in mind that the OH group is an electro-donating group and increases the 

density in ortho position, which explains a lower shift. On the contrary, NO2 is an electron-

withdrawing group, which explains a higher shift.  

For A, the hydrogens will all have a different shift. The two singlets correspond to 

hydrogens in ortho position of OH and NO2 groups. The assignment can be explained using 

the same argument as before. Other protons are also assigned using the electronic effects 

too. In para position of the OH (NO2) group, the density is more (less) important, which 

decreases (increases) the NMR displacement of the corresponding proton. 

 

4. Correct answer: 

Intermolecular hydrogen bonds 
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B can develop hydrogen bonds with water molecules, which increases its solubility, while 

A develops more intramolecular hydrogen bonds. 

5. Correct statements: 

A has a higher retardation factor (Rf) than B on the TLC because: 

A develops an intramolecular hydrogen bond. 

B develops intermolecular hydrogen bonds with the silica. 

Due to its intramolecular hydrogen bond, the 2-nitrophenol exhibits a higher migration 

because fewer interactions are developed with the silica. On the contrary, B develops 

hydrogen bonds with the silica and is retained. 

6. Correct answer:  

Yellow 

At pH = 7, the absorbance in the visible light is important around 390 nm, which 

corresponds to purple. The complementary color is yellow. 

7. Correct answer: 

4-nitrophenol has a shorter absorption wavelength than its conjugated base because its 

conjugation is less important. 

8. Assignment of spectra on figure: 

 

9. pH = pKa when [acid] = [basis]. Using the figure above, we find pKa = 7.2. 

10. Correct answers:  

UV-Visible spectroscopy, NMR, conductometry. 

Problem 10. French stone flower 

1. To determine the stoichiometry of crystallized water y, the molar mass of laumontite needs 

first to be calculated: 

”  and ὲ  i.e. ά  then: 

ὓ
” ὔ ὥὦὧίὭὲ‍

ὤ
τχπ Ç ÍÏÌ 

In dry air the crystallized water is removed: we can then deduce it corresponds to 15.3% of 

the total mass as a further heat treatment does not make the mass of the sample vary. 

15.3% corresponds to 72 g mol 1 and then y = 72/18 = 4. 
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According to the laumontite formula, this number corresponds also to the stoichiometry of 

the oxide A. 

2. The mass of the residue can be calculated as the difference of masses of the crucible before 

and after the calcination. A mass of 0.255 g is obtained: it corresponds to a molar mass for 

the binary compound of 470 × 0.255 / 0.500 = 240 g mol 1. 

This binary compound is either the oxide A or B. 

Knowing that y = 4 we obtain MA = 60 g mol 1 which is univocally SiO2 (ScO and CO3 are 

not relevant): the addition of HCl yielded a SiO2·nH2O precipitate which lost its water 

molecules during calcination. 

The hypothesis that precipitate is B with possible values of z = 1, 2, 3, 5, etc. does not lead 

to satisfying results. 

The unknown part (CaO)x(B)z still needs to be elucidated. Its molar mass can be calculated 

as: M(CaO)x(B)z = (470  72  240) = 158 g mol 1. It can then be deduced that the value of x 

cannot exceed 2. If x = 2, Bz has a molar mass M = 46 g mol 1, which is not possible, since 

there is no oxide with this molar mass. So, x = 1 and the molar mass of Bz is 102 g mol 1. 

For z = 1, we find B = Al 2O3. 

3. From the qualitative data (formation of a FeSCN2+ red complex) we can deduce that E is 

Fe (Fe3+ when oxidized and Fe2+ in the crystal). 

4. Fe3+(aq) + SCN (aq) = Fe(SCN)2+(aq) 

Fe3+(aq) + 3 NH3(aq) + 3 H2O(l) = Fe(OH)3(s) + 3 NH4
+(aq) 

2 Fe(OH)3(s) + 6 H+(aq) + Zn(s) = 2 Fe2+(aq) + Zn2+(aq) + 6 H2O(l) 

Fe2+(aq) + Ce4+(aq) = Ce3+(aq) + Fe3+(aq) 

(several answers and notations are acceptable) 

5. Using the titration reaction Fe2+(aq) + Ce4+(aq) = Ce3+(aq) + Fe3+(aq) we find that: 

n(Fe3+) = 5.15·10 3 × 2.00·10 3 = 1.03·10 5 mol in the titrated solution and thus: 

n(Fe3+) = 1.03·10 5 × 100.0/20.0 = 5.15·10 5 mol in the initial solution which corresponds 

to n(Fe2+) = 5.15·10 5 mol in 0.500 g of the solid. In 0.500 g of the pure crystal, 

n(Ca2+) = 0.500 / 471 = 1.06·10 3 mol, so the molar percentage of the impurity compared 

to calcium is 5.15·10 5 / 1.06·10 3 = 4.86%. 

6. The titration reaction is: Fe2+(aq) + Ce4+(aq) = Ce3+(aq) + Fe3+(aq). Then, at the equivalence 

point, Fe2+ and Ce4+ have been introduced in equivalent quantities. When the reaction 

occurs, equal quantities of Fe2+ and Ce4+ are consumed and equal quantities of Fe3+ and 

Ce3+ are produced. Thus, at equilibrium, the following relationships can be written: 

[Fe2+] = [Ce4+] and [Fe3+] = [Ce3+]. 

At equilibrium, the potential Ee.p. of the solution can be expressed as a function of each of 

the redox couples: 

ὉȢȢ ὉЈ&ÅȾ&Å
ὙὝ

Ὂ
ÌÎ
&Å

&Å
 ὉЈ#ÅȾ#Å

ὙὝ

Ὂ
ÌÎ
#Å

#Å
 

The combination of these two expressions leads to: 

ὉȢȢ
ρ

ς
 ὉЈ&ÅȾ&Å

ὙὝ

Ὂ
ÌÎ
&Å

&Å
 ὉЈ#ÅȾ#Å

ὙὝ

Ὂ
ÌÎ
#Å

#Å
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ὉȢȢ  
ὉЈ&ÅȾ&Å   ὉЈ#ÅȾ#Å

ς

ρ

ς

ὙὝ

Ὂ
ÌÎ
&Å #Å

&Å #Å

 
ὉЈ&ÅȾ&Å   ὉЈ#ÅȾ#Å

ς
 

then: 

ὉȢȢ  
πȢυσ ρȢπω

ς
πȢψρ ὠ ȾὛὅὉ 

Note: such a formula WILL NOT be expected to be known by heart for the competition 

exam but the simple use of Nernst equation as it is demonstrated here could be required. 

7. According to the value of the potential at the equivalence point (0.81 V /SCE), we can use 

the following indicators that exhibit the standard potential the closest to this value: 5,6-

dimethy-l,10-phenanthroline and 4-ethoxychrysoidine hydrochloride. 

8.  

 

9. According to the values of the diameters given in the text of the problem, the product F 

seems to be smaller than G: F is then the main one that can be synthesized in laumontite. 

 

Problem 11. The mineral of winners 

1. To determine the formula of pyromorphite, its molar mass needs first to be calculated: 

”  and ὲ  i.e. ά  then: 

ὓ
” ὔ ὥὦὧίὭὲ‍

ὤ
ρσυφ Ç ÍÏÌ 

The cation A can be identified from the reaction with potassium iodide. Using the problem 

data and the molar mass of the mineral, the number of moles of the mineral in solution can 

be calculated: in 1.000 g of solid, there is 1 / 1356 = 7.375·10 4 mol of pyromorphite. 

1.224 g of KI, that is 1.224 /1 66 = 7.37·10 3 mol. Hence, the ratio between both reagents 

is 7.37·10 4 × 5 / 7.375·10 3 = 0.500 and the reaction between both reads: 

A2+ + 2 I  = AI2 

The molar mass of the precipitate is then 1.700 / 3.688·10 3 mol = 461 g mol 1 and we can 

finally calculate the molar mass of A: M(A) = 461  (2 × M(I)) = 207 g mol 1. We can 

deduce: A = Pb. 

To determine B: M(B) = 1356  5 × 207  3 × 95 = 36 g mol 1. Therefore, B = Cl and the 

formula of pyromorphite is Pb5(PO4)3Cl. 

2. PbI2(s) + 2I (aq) = PbI4
2 (aq) 

3. M(C) = 207 / 3.98 = 52 g mol 1. Therefore, C = Cr. 

Pb2+(aq) + SO4
2 (aq) = PbSO4 (s) 

Cr3+(aq) + 3 NH3(aq) + 3 H2O(l) = Cr(OH)3(s) + 3 NH4
+(aq) 
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Cr(OH)3(s) + 3 H+(aq) = Cr3+(aq) + 3 H2O(l) 

2 Cr3+(aq) + 3 S2O8
2 (aq) + 7 H2O(l) = Cr2O7

2 (aq) + 6 SO4
2 (aq) + 14 H+(aq) 

Cr2O7
2 (aq) + 6 Fe2+(aq) + 14 H+(aq) = 2 Cr3+(aq) + 6 Fe3+(aq) + 7 H2O(l) 

5 Fe2+(aq) + MnO4  (aq) + 8 H+(aq) = Mn2+(aq) + 5 Fe3+(aq) + 4 H2O(l) 

(several notations are acceptable) 

4. The method described here is a back titration. Indeed, after the following reaction: 

Cr2O7
2 (aq) + 6 Fe2+(aq) + 14 H+(aq)= 2 Cr3+(aq) + 6 Fe3+(aq) + 7 H2O(l) 

the excess iron (II)  is titrated by a solution of potassium permanganate: 

5 Fe2+(aq) + MnO4 (aq) + 8 H+(aq) = Mn2+(aq) + 5 Fe3+(aq) + 4 H2O(l) 

According to the last reaction, the amount of iron titrated by potassium permanganate: 

nexcess(Fe2+) = 5 × c(MnO4 ) × V(MnO4 ) = 7.08·104 mol 

We can then deduce that, in the 10.0 mL aliquot, 10.0·10 3 × 0.100  7.08·10 4 = 

2.92·10ī4 mol of Fe2+ reacted with Cr2O7
2 . In the aliquot: 

mal(Cr) = (2.92·10 4 × 2 × M(Cr)) / 6 = 5.1 mg 

For 1.00 g of the mineral, we find then: m(Cr) = mal(Cr) × Vvol.fl. / Val. = 51 mg 

Hence, the weight content of chromium in the mineral is equal to: 0.051 / 1.00 = 5.1 w.% 

5. 5 Fe2+(aq) + MnO4 (aq) + 8 H+(aq) = Mn2+(aq) + 5 Fe3+(aq) + 4 H2O(l) 

ȹrG° = 5 × FE°(MnO4 /Mn2+)  5 × ( FE°(Fe3+/Fe2+)) 

K° = exp( ȹrG° / RT) = exp( 5F(E°(Fe3+/Fe2+)  E°(MnO4 /Mn2+)) / RT)) = 3.8·1062 

6. 2 Mn2+(aq) + 5 S2O8
2 (aq) + 8 H2O(l) = 2 MnO 4 (aq) + 10 SO4

2 (aq) + 16 H+(aq) 

Mn2+ is oxidized only after the complete oxidation of Cr3+ (E°(MnO4 /Mn2+) > 

E°(C(+m)/C(+n))). 

The solution will then turn pink. 

7. Correct answer: 

FeSO4 is not stable and get quickly oxidized by the oxygen in the air. 

4 Fe2+(aq) + O2(aq) + 4H+(aq) = 4 Fe3+(aq) + 2 H2O(l) 

 

Problem 12. Reaction progress kinetics 

1. r = k2[2][5]  

2. [4]tot = [4] + [5] 

3. Steady state approximation for 5: k 1[5] + k2[2][5] = k1[1][4]  

υ  
Ὧ τρ

Ὧ  Ὧ ς
 

With result from question 3, one obtains 

υ  
Ὧ τ ρ

Ὧ  Ὧ ς

Ὧ υρ

Ὧ  Ὧ ς
 

This allows writing 

υ
Ὧ ρ Ὧ Ὧ ς

Ὧ  Ὧ ς
 
Ὧ τ ρ

Ὧ  Ὧ ς
 

Finally using result from question 2 one obtains: 

ὶ  
ὯὯ ρςτ

Ὧ Ὧ ρ  Ὧ ς
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4. Replace [2] in the above equation by [1] + [ñexcessò] and the relation is found. 

ὶ  
ὯὯ ρ ρ ͼÅØÃÅÓÓͼ

Ὧ Ὧ ρ Ὧ ρ Ὧ ͼÅØÃÅÓÓͼ
τ  

 

It is easy to show that  
ὥ

ρ ὦρ
 

ὯὯ

Ὧ Ὧ ρ Ὧ ρ Ὧ ͼÅØÃÅÓÓͼ
 

5. The rate of the reaction is expressed as r = 1 / V × (dn / dt) where dn is the amount of matter 

that has been transformed in the reaction with molar heat DrH during the time dt.  

Consequently, the heat flow during time dt is dq = dnDrH = DrH V r dt. 

6. Correct answer: Experiment A because the initial concentration in reactant was higher. 

7. Correct answer: Experiment A because if more product has been formed, it implies that 

more catalyst turnovers have been achieved. 

8. Correct answer: True because in the case of product inhibition, the formation of the product 

would hamper the reaction and thus the more product the less efficient the reaction. 

9. Correct answer: True because catalyst deactivation is occurring with time and therefore the 

more turnovers have been achieved the more likely catalyst deactivation is to happen. 

Moreover, catalyst deactivation implies that less catalyst is present and thus the rate 

decreases. 

10. Correct answer: True because the rates of the two reactions with same excess but different 

initial concentration do overlap. 

11. Correct answer: True; in that case, the reaction of Experiment C with the same excess but 

larger initial concentration has a rate lower rate than that of Experiment D. Therefore, either 

catalyst deactivation or product inhibition is taking place. If product inhibition is the reason 

for the observed behavior, then setting an experiment for Experiment D where more product 

is present right from the start would create a situation similar to that observed in Experiment 

C and thus the curves should overlap. If the curve obtained remains similar to that observed 

for Experiment D then product inhibition is not the investigated factor and catalyst 

deactivation is. 

 
 
 
Problem 13. Nylon 6 

1. The initial initiator concentration is equal to the sum of the concentrations of the remaining 

initiator in solution and of the initiator in the ionic or neutral polymer chain: 

Ὅ Ὅ  ὖ  ὃ  

2. If we apply the steady state approximation to all the Ai we obtain: 
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Ὧ Ὅὓ  Ὧ ὃ  Ὧ ὓὌ ὃ

Ὧ ὖ ὓ  Ὧ ὃ  Ὧ ὓὌ ὃ
Ễ

Ὧ ὖ  ὓ  Ὧ ὃ  Ὧ ὓὌ ὃ

 

3. The rate of disappearance of the monomer MH  is: 

ὨὓὌ

Ὠὸ
 Ὧ ὓὌ ὃ  

From the previous question, we have: 

Ὧ Ὧ -( !  Ὧ -  ) 0  

hence, from the relation obtained at question 1: 

!  
Ὧ - )

Ὧ - Ὧ  Ὧ -(
 

The concentration of [M -] is related to the ion pair [MNa] via the equilibrium constant 

ὑЈ  . If we neglect the concentration of the intermediates A i, the 

electroneutrality condition imposes [Na+] = [M -]. Hence: 

- ὑЈ-.Á 
Finally, the disappearance rate of monomer MH  is: 

Ä-(

Äὸ

ὯὯ -( ὑЈ-.Á)

Ὧ ὑЈ-.Á  Ὧ  Ὧ -(
  

4. If we assume that the acid base reaction between A1 and MH  is the rate determining step, 

then k2 >> k3[MH] and Ὧ ὑЈ-.Áḻ Ὧ -(, so the rate expression can be simplified 

as: 

Ä-(

Äὸ

ὯὯ ὑЈ-.Á

Ὧ ὑЈ-.Á  Ὧ
 ) -( 

In this case, the monomer reaction order is equal to 1 and the conversion rate of the 

monomer is: 

†
-( -(

-(
ρ ÅØÐ

ὯὯ ὑЈ-.Á

Ὧ ὑЈ-.Á  Ὧ
 )ὸ 

 

On the contrary, if we assume that k2 << k3[MH] and Ὧ ὑЈ-.ÁḺ Ὧ -(, the rate 

can be rewritten as: 
Ä-(

Äὸ
Ὧ ὑЈ-.Á)  

The monomer reaction order is then equal to 0 and the conversion rate of the monomer is: 

†
ὓὌ ὓὌ

ὓὌ
 
Ὧ ὑЈὓὔὥ

ὓὌ
 Ὅὸ 

5. The conversion of monomer versus time of the two limiting cases is thus: 
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6. Correct answers: An autocatalytic process, A catalyzed reaction 

The sigmoid curve stresses out that the polymerization reaction is an autocatalytic process.  

7. The structures of the intermediates are the following: 

 
 

 

 

 

 

 

 

 

8. ɀ ͯ-( -( -(  



51st IChO ï Preparatory problems ï Solutions 24 

 

The disappearance rate of the monomer MH  increases until the monomer concentration 

reaches [MH] 0 / 2 and then decreases. The rate is then the highest for [MH] = [MH] 0 / 2. 

It means that the conversion versus time curve of the monomer slowly increases (induction 

time), then the conversion changes rapidly and then slowly increases. This degradation 

mechanism can explain the sigmoid curve observed by Macosco. 

 
Problem 14. Synthesis of block copolymers followed by 
size-exclusion chromatography 

1. Correct answer: n-Butyllithium (n-BuLi) 

2.  

 

3. ka >> kp 

4. The rate of disappearance of the monomer corresponds to d[M]/dt, and M is consumed at 

each polymerization step i. Therefore: 
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Ä-

Äὸ
Ὧ !- -  

5. The active species concentration is constant and equal to C, so  

!- ὅ 

Therefore, Ὧ -ὅ. 

6. - ὸ - ὸ πÅ
 

  

The half-time is thus ὸϵ ÌÎςȾὯὅ 

7.  

 
8. Correct answer: Yes, because of the preferential formation of one product over another (the 

reaction selectively generates one constitutional isomer over the other). Radicals add to the 

terminal carbon atom of styrene to form a benzyl-type radical. 

9.  
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10.  

 

11.  

 

12. Mn is more sensitive to molecules of low molecular mass while Mw is more sensitive to 

molecules of high molecular mass. Therefore, the more the polymer chains approach 

uniform chain length, the more Ip is close to 1. 

13. Curve (b) (the shorter the polymer, the higher the elution volume). 

14. The full width half maximum of the SEC signal is related to the Ip value: the closer to 1 the 

Ip, the thinner the SEC curve. Curves (a) and (b) correspond then to similar Ip values, 

whereas curves (c) corresponds to a larger one. Since sample (II) was prepared at a low 

temperature, starting from (I), are likely to display similar polydispersities and then we can 

state: (I) Ÿ (a), (II) Ÿ (b) and (III) Ÿ (c). 

15. PS-PDMS-O(CH3)2SiCH2CH2Si-(CH3)2-O-PDMS-PS or in a more condensed form PS-

PDMS-PS (as the linkage is chemically close to PDMS). 

16. PS Ÿ 3 (because it is the shortest molecule of the list) 

PS-PDMS precursor Ÿ 2 (because it is a molecule that is bigger than PS, but smaller than 

the final product) 

unfractionated product Ÿ 1 (because we observe that there are two SEC curves that reach 

the lowest elution volume, therefore they could be the final product. But as we suggest an 

unfractionated product, it should correspond to the curve with 2 signals i.e. 2 products with 

the desired and the unwanted product) 

fractionated product Ÿ 4 

 

Problem 15. Radical polymerization 

1. The initiator is benzoyl peroxide. 
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The monomer used is styrene. 

 

2. The half-life is the time required to consume 50% of the reactants. 

 
We can graphically determine t½ as roughly 1 h. 

3. A2 is a unimolecular initiator, and its decomposition follows a first order kinetic. 

In this case the half-life is: 

 Ὧ  
ÌÎς

ὸϵ
  

Given the half-life estimate from question 2: kd = 1.9·10 4 s 1 

4. Self-combination 

 

5. ALK1 : 

  
 

t (h) 

[A 2]·103 mol L1״ 

t
1/2

 

[A 2]/2 
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6. By substituting the provided data in the following equation: 

ὓ ὧέὲὺ
ά 

Ὢ ὲ 
 

we obtain: 

n = 5·10ī4 mol 

m(ALK1) = n × M(ALK1) = 0.112 g 

 

7. When the pyridine is protonated, the block copolymer is fully soluble in water so A = P5. 

When the pyridine is not protonated the block copolymer is amphiphilic. In water, the block 

copolymer thus self-organizes as a micelle. The core is composed of the hydrophobic block 

(P4VP). The outside of the micelle is composed of the hydrophilic PHEA block. Hence 

B = P4. 

8. 2 signals (triplet) for the two non-equivalent CH2 groups, 1 signal (singlet) for OH. 

9. Contrary to a conventional radical polymerization, RDRP techniques limit the occurrence 

of irreversible termination reactions of the propagating radical chains. Ideally, all the chains 

are created and grow at the same time. Narrow molecular weight distributions are obtained, 

hence the following answer.  

 

 

Problem 16. Biodegradable polyesters 

1. Correct answer: 

A polymer transformable by microorganisms into less polluting molecules. 

2. The ester function can be easily degraded (hydrolyzed) by enzymatic processes. 

3. Xn = (Mn ï Mend chain)/M0 with M0 the molecular weight of the monomer (= average number 

of monomer unit), Mn its number averaged molecular weight, and Mend chain the molar mass 

of the chain end. 
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4. Peaks from benzyl (j) and methyl (a) groups were chosen because these peaks are isolated 

and well defined. The first one corresponds to 5 protons, the second one to 3. If the 

polymerization degree was equal to 1 then the ratio (I j/5)/(Ia/3) should be also equal to 1, 

with I j and Ia the integration value of j and a peaks.  

Therefore : Xn,NMR = (I j/5)/(Ia/3) = 29 

5. Mn,NMR = Xn,NMR × M0 + Mend chain = 29 × 278 + 88 = 8150 g mol 1 

6. Determining Mn thanks to NMR spectroscopy requires to measure accurately integration 

value of peaks related to the end group and to the monomer. When the size of the polymer 

increases, the relative intensity of the peak from the end group decreases. In addition, peaks 

are broadened due to relaxation issues. Therefore, the correct statements are: 

The peaks at the ends of the chains are not sufficiently resolved compared to the peaks of 

the main chain. 

The integration of the different peaks observed may be distorted due to the observed peak 

broadening for high mass polymers. 

7. Here Mn,SEC (8950 g mol 1) is larger than Mn,NMR (8150 g mol 1) so the value of Mn is 

overestimated by SEC therefore the polystyrene used for calibration has not the same 

hydrodynamic radius than polyBED. More precisely, it means that a polystyrene of 

8950 g mol 1 has the same hydrodynamic radius as a polyBED of 8150 g mol 1. Therefore, 

the correct statement is: 

Polystyrene has a smaller hydrodynamic volume than that of polyBED. 

8. Mass average molecular weight Mw or dispersity which is the ratio Mw / Mn. 

 

Problem 17. Vitrimers  

1. Q is an acid: 

 
(Other acceptable answers possible, e.g. Q can be an ester) 

2. Each epoxy group in A reacts with two reactive groups from B, thus forming two esters. 

Since there are 2 epoxy groups, there can be at most 4 esters formed by a molecule of A. If 

the conversion is ɕ, it follows that nEA = 4ɕ. 

3. Each reactive group in B can form one ester. Since there are three reactive groups per B 

molecule, a B molecule can form three ester bonds at most. Therefore, nEB = 3ɕ. 

4. Every A molecule forms on average nEA ester bonds, every B molecule forms on average 

nEB ester bonds. Since these bonds are shared, we find for the total number of formed esters: 

ὔ
ρ

ς
 ὔὲ

ρ

ς
ὔὲ  
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5. The number of attached ester groups counts every ester bond twice (once per attachment). 

Consequently, we have: 

ὲ
ςὔ

ὔ

ὔ

ὔ
ὲ

ὔ

ὔ
ὲ  

A and B are mixed in a 3:4 ratio. So 3 out of 7 molecules are an A molecule ( ) and 

4 out of 7 molecules are a B molecule ( ). 

Therefore, per molecule, the number of formed ester bonds can be expressed as: 

ὲ  τ ‒  σ ‒  ‒. 

6. To obtain a crosslinked network, a molecule should on average have more than two links 

to a neighbor. Then, ὲ ς, which means ‒ . 

7.  

 
U, W are protonated intermediates, given in above figure 

V = methanol (HOCH3), X = H+ see also the above figure. 

8. –Ὕ ᶿ ÅØÐ  hence  

ÌÎ– ὅ where C is a constant. 
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Then, a linear regression of the plot gives: 

 
From which we estimate EA = R × 1000 × 9.65 = 80.2 kJ molï1. 

9. Correct answers: Anything that makes k increase, makes also ɖ decrease, so: 

I) ɖ decreases (Transesterification catalyst increases k) 

II) ɖ increases (Lower temperature decreases k, see Arrhenius) 

III) ɖ decreases (Transesterification can be base-catalyzed or acid-catalyzed) 

 

Problem 18. A kinetic study of the Maillard reaction 

1.  

 
(only the intermediates are required) 

2. The rate equations can be written: 

Ä&ÒÕ

Äὸ
Ὧ &ÒÕ 

Ä)

Äὸ
Ὧ &ÒÕ Ὧ ) 

3. Correct answers: 

Equilibrium constants can depend on temperature. 

Rate constants can depend on pH. 

Rate constants can depend on temperature. 

4. S(IV) is known to react with Ellmannôs reagent to form a colored compound with an 

absorbance maximum at 412 nm. Hence, 412 nm is an appropriate wavelength to work at 

y = 9.65 x ï 1.54 

r² = 0.994 
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as S(IV) reacts completely and quickly with the intermediate I . Thus, no melanoidin is 

likely to be formed. 

5. Reaction (2) is hindered by the faster reaction (3) between I  and S(IV) , thus, reaction (1) 

gives: [I] = [Fru]0 ï [Fru]. 

Reaction (3) between I  and S(IV)  is fast and complete. Knowing what remains of S(IV)  in 

the presence of Ellmanôs reagent, the concentration of I  at a time t can be deduced: 

[I]  = [S(IV)]0 ï [S(IV)]. 

It can thus be shown that: [Fru] = [Fru]0 ï [S(IV)] 0 + [S(IV)]. 

6. According to question 2: Ὧ &ÒÕ 

As no M  is produced, the reaction can be followed by a kinetic order analysis. 

Case Ŭ = 0: [Fru] = [Fru]0 ï k1t 

Case Ŭ = 1: ln[Fru] = ln[Fru]0 ï k1t 

Case Ŭ = 2: 
1

[&ÒÕ]
 = 

1

[Fru]0
 + Ὧt 

The following plot is a straight line: the assumption Ŭ = 0 is the correct one. 

7. By graphical calculation of the slope: 

 
k1 = 7.3·10ï5 mol L 1 h 1 

8. By graphical measurement of the slope: 

 

Äὃ
Äὸ πȢπρω h 1 
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9. The following function can be plotted versus time: 

ὰὲρ
ρ

‐ὰὯ

Ὠὃ

Ὠὸ
Ὢὸ 

 
k2 = 9.99·10ï3 h 1 

 

Problem 19. Glycosidases and inhibitors 

1. Structure of the transition state of the first step of the mechanism with retention of 

configuration: 

 

2. Carbon 1 

 
(only the tautomeric forms are required) 

 

 

 
























































