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33rd Austrian Chemistry Olympiad
National Competition
Theoretical part - solution
June 11th, 2007                      
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Task 1, 17 bp ≙ 7 rp; f = 0.41176                                     

	1.1.  metal:                                 aluminum                                                                         2 bp
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calculation:



	1.2.  lattice constant:                    404 pm                                                                            2 bp
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calculation:



	1.3.  Dichte:                                 2.70 g•cm-3                                                                                                           2 bp
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Berechnung



	[image: image7.wmf]O

O

H

1.4.  constitution:
1 bp

	1.6.  formula and name:                                   1 bp
                          [Al(OH)6]3-


                          hexahydroxoaluminat(III)




	1.5. balanced equation:    AlCl3 + 3 H2O → Al(OH)3 + 3 HCl                          1 bp


	1.7. tetrahedral sites:               8          1 bp
	octahedral sites:                    4                    1 bp


	1.8. Thénards blue:                    CoAl2O4                                                                               2 bp


	1.9.  strucutre:                normal spinel                                                                              4 bp

	calculation
Fe2+ (d6) in tetrahedral holes: LFSE = (4/9)(-3·6+3·4)Dq=-2.667Dq

Fe2+ (d6) in octahedral holes: LFSE = (-4·4+2·6)Dq=-4Dq

Cr3+ (d3) in tetrahedral holes: LFSE = (4/9)(-3·6)=-8Dq

Cr3+ (d3) in octahedral holes: LFSE = (-3·4)=-12Dq

normal FeTCrOCrOO4: ΣLFSE = (-2.667-2·12)Dq=-26.667Dq

invers FeOCrTCrOO4: ΣLFSE = (-4-8-12)Dq=-24Dq

⇒ normal spinel structure, because of greater stabilization.


Task 2, 17 bp ≙ 7 rp; f = 0.41176                                     

	 2.1.  element:    sulfur1 bp


	1 bp each
	formula
	name

	2.2.
	A
	SO2
	sulfur dioxide

	
	B
	SO3
	sulfur trioxide

	
	C
	H2SO3
	sulfurous acid

	
	D
	HSO3-
	hydrogensulfite

	
	E
	SO32-
	sulfite

	
	F
	S2O52-
	disulfite

	
	G
	S2O42-
	dithionite

	
	H
	H2SO4
	sulfuric acid

	
	I
	H2S2O8
	peroxodisulfuric acid

	
	J
	H2SO5
	peroxomonosulfuric acid

	
	K
	S2O32-
	thiosulfate

	
	L
	S4O62-
	tetrathionate


	2.3.  oxidized particle:   oxygen atom                                                                                    1 bp


	2.4.  structure according to VSEPR:     trigonal pyramidal                                                        2 bp


	2.5.  bond angle:              ⊠107.4°
    □ 109°
□ 111.3°
□ 119°                 1 bp


Task 3, 15 bp ≙ 6 rp; f = 0.40000                                     

	3.1. balanced combustion equations:                        CH3OH  +   1.5 O2  →  CO2  +  2 H2O  1 bp
                                                                                 CH4  +   2 O2  →  CO2  +  2 H2O         1 bp


	3.2. CH3OH:    ΔRH⊖ = -727 kJ               ΔRS⊖ = -80.5 J/K               ΔRG⊖ = -703 kJ            3 bp
       CH4:         ΔRH⊖ = -891 kJ               ΔRS⊖ = -242 J/K                ΔRG⊖ = -819 kJ

	calculation           CH3OH:     ΔRH⊖ = -394 - 2•286 + 239 = -727
                                 CH4:     ΔRH⊖ = -394 - 2•286 + 74.9 = -891.1
                            CH3OH:     ΔRS⊖ = 214 + 140 -1.5•205 – 127 = -80.5

                                 CH4:     ΔRS⊖ = 214 + 140 -2•205 - 186 = -242

                            CH3OH:     ΔRG⊖ = -727 + 298•0.0805 = -703

                                 CH4:     ΔRG⊖ = -891 + 298•0.242 = -819


	3.3. CH3OH:    E⊖ = 1.214 V
	CH4:     E⊖ =  1.061 V
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calculation:                                     CH3OH:    z = 6 ⇒ ΔE⊖ = 703000/6•96485 = 1.214
                                                           CH4:    z = 8 ⇒ ΔE⊖ = 819000/8•96485 = 1.061
The methanol cell is more effective.                                                                                         2 bp


	3.4. CH3OH:    ΔRG = ΔRG⊖ = -469 kJ
	CH4:     ΔRG = ΔRG⊖ = -410 kJ

	calculation:

ΔRG =  ΔRG⊖ + RTlnQ   and    Q = 1 ⇒   ΔRG =  ΔRG⊖
                                   CH3OH:   ΔRG = -703/1.5 = -469  
                                        CH4:   ΔRG = -819/2 = -410  
The methanol cell is more effective.                                                                                         3 bp


	3.5. CH3OH:    ΔRG = ΔRG⊖ = -8.79 kJ/g
	CH4:     ΔRG = ΔRG⊖ = -10.4 kJ/g

	calculation:   1 mol CH3OH + 1.5 mol O2 give 32 + 48 = 80 g
                      ΔRG = -703/80 = -8.79 kJ/g
                      1 mol CH4 + 2 mol O2 give 16 + 64  = 80 g

                      ΔRG = -819/80= -10.2 kJ/g

The methane cell is more effective.                                                                                         3 bp


	3.6. CH3OH:    ε = 0.967
	CH4:     ε = 0.919
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calculation:                                                   methanol: ε = 703/727 = 0.967
                                                                      methane: ε = 819/891 = 0.919
The methanol cell is more effective.                                                                                         2 bp


Task 4, 12 bp ≙ 5 rp; f = 0.41667                                    

	4.1.  n = 1                                                                                                                            2 bp

	Calculation:
If n = 1. then 3.33•10 -5/7.69•10 -6 = 4.33 ≈ 1.67•10 -2/3.85•10 -3 = 4.34
If n = 1. then 2.00.10 -4/3.33•10 -5 = 6.00 ≈ 0.100/1.67•10 -2 = 5.99



	4.2.  k = 501 L/mol.s                                                                                                            2 bp

	Calculation: k = 3.85•10 -3/7.69•10 -6 = 501 L/mol.s    k = 1.67•10 -2/3.33•10 -5= 502 L/mol.s
                   k = 0.100/2.00·10 -4= 500 L/mol.s            kM = 501 L/mol.s



	4.3.  Rate law:  v = k1[E][O2-] = k[O2-]  da k = k1[E]                                                                  2 bp

	Proof:                [E]0 = [E] + [E-]
[E]0  remains constant. E- as an unstable particle will not change in concentration after a short initial period, therefore [E] also remains constant and we have k = k1[E].


	4.4.  k1 = 1.88•10 9 L/mol.s
	k2 =3.76•10 9 L/mol.s

	Calculation:
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                                                                                                                                         6 bp


Task 5, 22 bp ≙ 9 rp; f = 0.40909                                    
	5.a)1.  [Pb]eq = 1.28·10-3 mol/L
	[I-]eq = 2.55•10-3 mol/L

	[image: image11.wmf]O
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Calculation:       

                         KL = [Pb2+][I-]2 = x•(2x)2  ⇒                                                            mol/L
                                                                                                                                             2 bp


	5.a)2.  Mass of lead nitrate: 2.20•10-4  g                                                                               3 bp

	Calculation:     KL = [Pb2+][I-]2 = x•0.052   ⇒  x = 8.30•10-9/0.052  = 3.32•10-6 mol/L
                       Therefore in 200 mL of the mixture: 6.64•10-7 mol, which have been in 100 mL 
                       before
                      M(lead nitrate) = 331.22 g/mol

                      m = 331.22•6.64.10-7 = 2.20•10-4 g


	5.a)3.  [Pb2+]eq = 8.3.10-7 mol/L                                                                                              2 bp
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Calculation:

Simplification: I- from PbI2 is negligible small:                                                           M 



	5.a)4.  [Pb2+]eq = 8.3•10-7 mol/L                                                                                            6 bp

	Calculation:  I- from PbI2 is not negligible small ⇒ KL = [Pb2+]•(2[I-]+0.1)2=x(2x + 0.1)2
                     8.3•10-9 = 4x3 + 0.4x2 + 0.01x  oder  4x3 + 0.4x2 + 0.01x - 8.3•10-9 = 0

                    f(x) = 4x3 + 0.4x2 + 0.01x - 8.3•10-9
                    f’(x) = 12x2 + 0.8x + 0.01

1 st  approximation:  x1 = 8.3•10-7     
           f(x1) = 2.29•10-16+ 2.76•10-13 + 8.3•10-9- 8.3•10-9 = 2.76.10-13
           f’(x1) = 8.27•10-12 + 6.64•10-6 + 0.01 = 0.01
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      2 nd approximation:                                                                                    mol/L
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5.b)1. Equations of decay:                                                                                                  2 bp


	5.b)2.  A(123I) = 5.97•10 19  Bq/kg                                                                                       3 bp

	Berechnung:          A = λ•N                              λ = ln2/τ = 1.4477•10-5  s-1

                             M(NaI) =  146 g/mol           N = (1000/146)•6.022•1023 = 4.1247•1024
                            A = 1.4477•10-5•4.1247•1024 = 5.97•10 19  


	5.b)3.  Mass of sodium iodide:  1.67•10-10 g                                                                        1 bp

	Calculation :        m(Na123I):1000 = 10 7: 5.97•10 19  
                           m(Na123I) = 1.67•10-10


	5.b)4.  Mass of sodium iodide: 1.76•10-9 g                                                                           3 bp

	Calculation:              At = A0•e –λt   ⇒  A0 =  At/ e –λt   
[image: image15.wmf]O
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                                m(Na123I):1000 = 1.049•10 8: 5.97.10 19  
                                m(Na123I) = 1.76.10-9



Task 6, 13 bp ≙ 5 rp; f = 0.38462                                    
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6.1. constitution:                                        2 bp
	6.2. number of signals:                          1 bp
6


	6.3. H with lowest chemical shift:                              1 bp
The H-atoms of the two methyl groups C1.
	6.4. multiplicity:                    1 bp
singlet


	6.5. H with highest chemical shift:                             1 bp
H-atom at C4 near the F.
	6.6. number of stereoisomers: 1 bp
4
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6.7. configuration:                              2 bp
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6.8. configuration:

2 bp


	6.9. configuration:                                                                                   2 bp
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Task 7, 33 bp ≙ 13 rp; f = 0.39394                                    

	7.1. Name:        10-Methyloctadecansäure                                                                         1 bp
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7.2. configuration formula:                                                                                                 1 bp



	7.3. A                                                                                                                                 1 bp
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	7.3. B                                                                                                                                 3 bp
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	7.3. C                                                                                                                                 1 bp
[image: image23.emf]O


O


H




O

OH




	7.3. D                                                                                                                                 1 bp
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	7.3. E                                                                                                                                 2 bp
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	7.3. F                                                                                                                                  1 bp
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	7.3. G                                                                                                                                   1 bp
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7.3. H                                                                                                                                   2 bp
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7.3. I                                                                                                                                     1 bp
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7.3. J                                                                                                                                    2 bp



	7.4. compound:                                                          2 bp
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	7.5. double bonds         1 bp
one double bond
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7.6. O                                                                                                                                 2 bp
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7.6. N                                                                                                                                 2 bp
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7.6. M                                                                                                                                 2 bp
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7.7. mycolipenic acid:                     2 bp



	7.8. chiral centres          2                    1 bp
	7.9. number of stereoisomers           8            2 bp
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7.10. compound:                                                                                                           1 bp


	7.10. Reasons                                                                                                               1 bp
The C=O-oscillation may be found below 1700 cm-1, if the group is in conjugation with other double bonds or an aromat ⇒ benzophenone



Task 8, 19 bp ≙ 8 rp; f = 0.42105                                    

	[image: image37.wmf]S

C

o

A

O

O

O

H

8.1. A    1 bp
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8.1. B     2 bp
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8.1. C     2 bp
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8.1. D    1 bp
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8.1. E      2 bp
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8.1. F     2 bp


	[image: image43.png]


8.1. G     2 bp
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8.1. H     1 bp
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8.1. I     3 bp
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8.2. configuration of A                                                                                                     3 bp
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