32nd International Chemistry Olympiad

Copenhagen, Thursday, 6 July 2000

Theoretical Examination

· Write your name and student code (posted at your station) in the upper corner of the first pages of all problems and your student code on all other pages of this problem paper.  

· You have 5 hours to complete all of the tasks and record your results in the answer boxes, you must stop your work immediately after the STOP command is given. A delay in doing this by 3 minutes will lead to cancellation of the current task and will result in zero points for the task.

· All results must be written in the appropriate boxes on the pages. Anything written elsewhere will not be marked. Do not write anything on the back of your answer sheets.  If you need additional sheets or a replacement answer sheet, request it from the supervisor.

· When you have finished the examination, you must put all of your papers into the envelope provided, then you must seal the envelope. Only papers in the sealed envelope will be marked.

· A receipt will be issued for your sealed envelope. Do not leave the examination room until you are directed to do so.

· Use only the pen and calculator provided.

· A copy of the Periodic Table of the Elements (Merck) is provided.

· This examination paper has 29 pages of problems including answer boxes.

· An official English-language version is available only on request.

Synthesis of Compounds with Wound Healing Properties
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Shikonin

Shikonin is a red compound found in the roots of the plant Lithospermum erythrorhizon  which grows in Asia. Extracts of the root have been used for centuries in folk medicine and are used today in ointments for healing of wounds.
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1-1
How many stereoisomers of Shikonin are possible ?
2

1 mark
1-2
Do all stereoisomers of Shikonin have the same melting point ?
yes
no


Mark with an X.
X


1 mark
The following sequence is part of a synthetic route to Shikonin:
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1-3
Draw the structural formula of reagent A.
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2 marks
1-4
Indicate (by means of an X in the appropriate check-box) the correct IUPAC name for reagent A.


2-Methyl-2-pentenoyl chloride
 FORMCHECKBOX 


1-Chloro-4-methyl-3-pentene
 FORMCHECKBOX 


4-Methyl-3-pentenoyl chloride
 FORMCHECKBOX 


4-Methyl-3-pentene-1-ol
 FORMCHECKBOX 


4,4-Dimethyl-3-butenoyl chloride
 FORMCHECKBOX 

1-5
Write the molecular formula of reagent C.
NaBH4

(LiAlH4 will be acccepted)

1 mark
Numerous Shikonin analogues have been synthesized with a view to obtaining more potent compounds. One reaction sequence is shown below:
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1-6
Draw the structural formula of compound E.
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2 marks
1-7
How many stereoisomers of compound E, if any, are possible
2

1 mark
Another route to useful Shikonin analogues is the following:
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1-8
Draw the structural formula of compound F.
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2 marks
1-9
Draw the structural formula of compound G.

[image: image8.wmf]C

O

O

H

O

C

H

3

O

C

H

3

O

C

H

3

O

C

H

3

O

C

H

3



3 marks

Bridge between Denmark and Sweden

[image: image17.wmf])

Ag

(

  

(Zn)

(Ag)

  

)

Zn

(

 

log

 

V

0,05916

+

2

2

+

2

a

a

a

a

n

  


On July 1, 2000, the combined tunnel and bridge connecting Denmark and Sweden was officially opened. It consists of a tunnel from Copenhagen  to an artificial island, and a bridge from the island to Malmö in Sweden. The major construction materials employed are concrete and steel. This problem deals with chemical reactions relating to production and degradation of such materials.

Concrete is produced from a mixture of cement, water, sand and small stones. Cement consists primarily of calcium silicates and calcium aluminates formed by heating and grinding of clay and limestone. In the later steps of cement production a small amount of gypsum, CaSO4∙2H2O, is added to improve subsequent hardening of the concrete. The use of elevated temperatures during the final  production may lead to formation of unwanted hemihydrate, CaSO4∙½H2O. Consider the following reaction: 

CaSO4∙2H2O(s)   (    CaSO4∙½H2O(s)  +  1½H2O(g)

The following thermodynamic data apply at 25 (C, standard pressure: 1.00 bar :

Compound
H/(kJ mol–1) ((Hf)
 S/(J K–1 mol–1)

CaSO4∙2H2O(s)
–2021.0
194.0

CaSO4∙½H2O(s)
–1575.0
130.5

H2O(g)
  –241.8
188.6

Gas constant:
R  =  8.314 J mol–1 K–1 = 0.08314 L bar mol–1 K–1

0 (C = 273.15 K.

2-1  Calculate (H  (in kJ) for transformation of 1.00 kg of CaSO4∙2H2O(s) to CaSO4∙½H2O(s). Is this reaction endothermic or is it exothermic?


(H   =  –1575.0 kJ mol–1  +  1½ (–241.8) kJ mol–1 –  (–2021.0 kJ mol–1)  
 
=   83.3  kJ mol–1

n  =  m / M = 1000g / 172.18 g mol–1 = 5.808 mol

n (H  =  484 kJ


Mark with an X.:
Endothermic  FORMCHECKBOX 

Exothermic  FORMCHECKBOX 


2 marks

2-2 Calculate the equilibrium pressure (in bar) of water vapour in a closed vessel containing CaSO4∙2H2O(s) , CaSO4∙½H2O(s) and H2O(g) at 25 (C.

(S   =   130.5 J K–1 mol–1 +  3/2  188.6 J K–1 mol–1  –  194.0 J K–1 mol–1  

=   219.4  J K–1 mol–1
(G =   eq \O()(H eq \O() – T (S eq \O()   =  17886 J mol–1 

(G  =  – RT ln K
K  =  (p(H2O))3/2  =  7.35 10–4    (pressure in bar)

p(H2O)  =  8.1510–3 bar

2 marks
2-3 Calculate the temperature at which the water vapour pressure is 1.00 bar in the system described in problem 2-2. Assume that  eq \O()(H eq \O() and (S eq \O() are temperature independent.
p(H2O) =  1.00 bar  implies  K  =  1.00  and   (G  =  – RT ln K  = 0

(G =   eq \O()(H eq \O() – T (S eq \O()  


0  =  83300 J K–1 –  T  219.4 J K–1 mol–1

T = 380 K   or  107 ºC

2 marks

Corrosion of metals is associated with electrochemical reactions. This also applies for the formation of rust on iron surfaces, where the initial electrode reactions usually are:


(1)
Fe(s)     (
Fe2+(aq)   +    2e–
(2)
O2(g)  +  2H2O(l)   +    4e–
(
4OH–(aq)

An electrochemical cell in which these electrode reactions take place is constructed. The temperature is 25 ºC. The cell is represented by the following cell diagram:



Fe(s) ( Fe2+(aq) ((  OH–(aq), O2(g) ( Pt(s)


Standard electrode potentials (at 25 ºC):


Fe2+(aq)  +   2e–   

 (
Fe(s)

E = – 0.44  V


O2(g)  +  2H2O(l)  +   4e–
 (
4OH–(aq)
 E  =  0.40  V


Nernst factor:

R T ln10 / F   =   0.05916 volt  (at 25 ºC)   
Faraday constant:
F  =  96485 C mol–1
2-4 Calculate the standard electromotive force (the standard cell voltage), E, 
at 25 ºC. 

 E (cell)  = E (right)  – E (left)  =  0.40 V – (– 0.44 V)  =  0.84 V

1 mark

2-5 Write down the overall reaction which takes place during discharge of the cell under standard conditions.

oxidation takes place at the negative, left half-cell 

 left half:    2 Fe   (   2 Fe2+  +  4e–   (multiplied by 2)

 right half:   O2  +  2 H2O  + 4 e–  (   4 OH–

 overall:   2 Fe  +  O2  + 2 H2O   (   2 Fe2+   + 4 OH–

1 mark
2-6 Calculate the equilibrium constant at 25 °C for the overall cell reaction.


K =  [Fe2+]2 [OH–]4 / p(O2)     (conc. in m and pressure in bar)

(G  =  – n F E (cell)    =  – R T ln K
K  =   6.2(1056  ( m6 bar –1)

2 marks
2-7 The overall reaction referred to above is allowed to proceed for 24 hours under standard conditions and at a constant current of 0.12 A. Calculate the mass of Fe converted to Fe2+ after 24 hours. Oxygen and water may be assumed to be present in excess.

 Q  = I  t  =  0.12 A ( 24 ( 60 ( 60 s  =  10 368 C

n(e–)  =  Q / F  =  10 368 C / (96485 C mol–1)  =  0.1075 mol  

m(Fe)  =  n(Fe) M (Fe)  =  1/2 ( 0.1075 mol ( 55.85 g mol–1  =  3.0 g



2 marks
2-8 Calculate E  for the cell at 25 °C for the following conditions:
[Fe2+] = 0.015 m,  pHright-hand half-cell = 9.00,  p(O2) = 0.700 bar.

E(cell) = E(cell)    –     
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pH  = 9.00   implies    [H+] = 10–9 m   and   [OH–] =  10–5 m
E(cell)  =  0.84 V   –   
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2 marks
Bioinorganic Chemistry

The square planar complex cis-diamminedichloroplatinum(II) is an important drug for the treatment of certain cancers.

3-1 Draw the structures of cis- and trans-diamminedichloroplatinum(II) and label each structure as cis or trans.
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1 mark

A number of ionic compounds also have the empirical formula Pt(NH3)2Cl2.

3-2 Write molecular formulas for all possible ionic compounds which comply with the following conditions: 
each compound has 

1) empirical formula Pt(NH3)2Cl2
2) an anion and a cation and is composed of discrete, monomeric square planar platinum(II) complex

3) only one type of cation and one type of anion. The answer must clearly reveal the composition of each discrete platinum(II) complex entity in each compound.


[Pt(NH3)4][PtCl4]


[Pt(NH3)3Cl][Pt(NH3)Cl3]


[Pt(NH3)3Cl]2[PtCl4]


[Pt(NH3)4][Pt(NH3)Cl3]2
4 marks

3-3 How many 5d electrons does the platinum(II) ion have?



8

1 mark

The valence d-orbital energy splitting diagram for a square planar complex can be regarded as being derived from that for an octahedral complex in which the metal-ligand interactions due to the two ligands coordinated along the z axis vanish, while the bonds to the four remaining ligands (coordinated along the x and y axes) become stronger.

3-4 Which of the five 5d orbitals attain the highest energy (i.e. is the least likely to be occupied by electrons) in the general case of a square-planar Pt(II) complex?

5dx2-y2  In a square planar complex the four ligand atoms fall on the x and y axes along which this orbital, if filled, would also have electron density concentrated. 

2 marks

Serum transferrin (abbreviated: Tf) is a monomeric protein whose main function in the human body is the transport of iron(III). Each transferrin molecule can bind up to two iron(III) ions with stepwise binding constants K1 and K2 at biological conditions except that the temperature is 25 °C corresponding to the reactions



FeIII + Tf    (FeIII)Tf



K1 = 4.7 1020 M1

FeIII + (FeIII)Tf    (FeIII)2Tf


K2 = 2.4 1019 M1
In the diferric protein, (FeIII)2Tf, the two iron(III) ions are bound at two similar, but non-identical sites, and the two possible monoferric protein products, (FeIII)Tf, can be denoted {FeIII.Tf} and {Tf.FeIII}. Their relative abundance  at equilibrium is given by the constant K = [{Tf.FeIII}][{FeIII.Tf}]1 = 5.9.
3-5 Calculate the values of the two constants K1= [{FeIII.Tf}][FeIII]1[Tf]1 and K1= [{Tf.FeIII}][FeIII]1[Tf]1 , respectively, corresponding to the formation of each monoferric form of transferrin.

The concentration of monoferric forms of transferrin is
[(FeIII)Tf] = [{FeIII ·Tf}] + [{Tf·FeIII}]
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4 marks

3-6  Calculate the values of the two constants K2= [(FeIII)2Tf][FeIII]1[{FeIII.Tf}]1 and K2= [(FeIII)2Tf][FeIII]1[{Tf.FeIII}]1 respectively, corresponding to the formation of diferric transferrin from each of the monoferric forms


[image: image15.wmf]  

  

¢ 

K 

1

¢ 

K 

2

=

¢ 

¢ 

K 

1

¢ 

¢ 

K 

2

=

K

1

K

2

¢ 

K 

2

=

K

1

K

2

¢ 

K 

1

=

4

.

7

´

10

20

M

-1

´

2

.

4

´

10

19

M

-1

6

.

8

´

10

19

M

-1

=

1

.

7

´

10

20

M

-1





[image: image16.wmf]  

  

¢ 

¢ 

K 

1

¢ 

¢ 

K 

2

=

K

1

K

2

¢ 

¢ 

K 

2

=

K

1

K

2

¢ 

¢ 

K 

1

=

4

.

7

´

10

20

M

-1

´

2

.

4

´

10

19

M

-1

4

.

0

´

10

20

M

-1

=

2

.

8

´

10

19

M

-1



4 marks

The bound iron(III) ion at each binding site is surrounded by six donor atoms from various ligands. Thus, two oxygen atoms of a carbonate anion coordinate to the metal, and the following amino acid side chains from the protein primary structure also coordinate to the iron(III) ion with one potential donor atom each: one aspartate, one histidine and two tyrosine residues.

3-7 What is the total number of oxygen donor atoms that surround a 6-coordinate iron(III) ion in transferrin?

5                      (= 2 (CO3) + 1 (Asp(O)) + 2 (2 Tyr(O))



2 marks
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