[image: image54.emf]P

P

P

P

[image: image55.emf]C


O


+


H


H


C


+


O




C O

+

H

H C

+

O

[image: image56.emf]Cl


Br


Br


Br


Cl


Br


Cl


Br


Cl


Br


Cl


Br


Pt


cis


Pt


fac




Cl

Br

Br

Br

Cl

Br

Cl

Br

Cl

Br

Cl

Br

Pt

cis

Pt

fac

37th Austrian Chemistry Olympiad

National Competition - Tamsweg

Theoretical part - Solutions
June 6th, 2011                    

[image: image57.emf]t


2g


e


g




t

2g

e

g


[image: image58.emf]C


O


C


O


C


O


C


O


C


O


Fe




CO CO

CO

CO

CO

Fe

[image: image59.emf]C


O


C


O


C


O


C


O


C


O


C


O


C


O


C


O


C


O


Fe


Fe




CO

CO

CO

CO

CO

CO

CO

CO

CO

Fe

Fe

[image: image60.emf]C


O


O


E


t


C


O


O


E


t




COOEt

COOEt

37th Austrian Chemistry Olympiad

National Competition - Tamsweg

Theoretical part - Solution
June 6th, 2011                                      

[image: image61.emf]C


O


O


H




COOH



Task 1


   
                        53 bp ≙ 19  rp ⇒ f = 0.35849
From Physical Chemistry

A. An important reaction from organic technology
1.1. Where is the equilibrium at standard temperature? Prove your assumption by a calculation.

	ΔRGo298 = ΔRHo298 T‧ ΔRSo298
ΔRGo298 = 164.9 - 298‧0.1725 = 113.5 kJ

ΔRGo298>0
The equilibrium is on the left side.






1.5 bp


1.2. Calculate the equilibrium at 800°C one time ignoring the temperature dependence, the other time taking it into account.

	ΔRGo1073 = 164.9 - 1073‧0.1725 = -20.19 kJ

ΔRGo298<0

Without T-dependence: The equilibrium is on the right side.


1.5 bp
ΔRCP = 4‧28.82 + 37.11 - 2‧33.58 – 35.31 = 49.92 J‧K-1



1.5 bp
ΔRHo1073 = ΔRHo298  + ΔRCP‧ΔT 

ΔRHo1073 = 164.9 + 0.04992‧775 = 203.59 kJ




1.5 bp
ΔRSo1073 = ΔRSo298 + ΔRCP‧ln(T2/T1)
ΔRSo1073 = 172.5 + 49.92‧ln(1073/298) = 236.45 J‧K-1



1.5 bp
ΔRGo1073 = 203.59 - 1073‧0.23645 = -50.12 kJ

ΔRGo298<0

With T-dependence: The equilibrium is on the right side.



1.5 bp



B. What happens when gypsum is dissolved?

1.3.
Will the solution warm up or cool down when the solution process takes place? Prove by calculating the solution enthalpie in the given temperature interval.

	CaSO4(s) ⇄ Ca2+ + SO42-

KL = [Ca2+]‧[ SO42-]
Da  m(CaSO4)dissolved ∝ c(CaSO4)dissolved = [image: image2.png]


 ⇒

[image: image3.png]



ΔHsol = -17.7 kJ‧mol-1







3 bp
The solution  warms up.







1 bp


C. Live span of a „battery“

1.4.
How long will it be possible to operate a 100 W-light bulb theoretically, if the initial concentrations in the battery are as follows:  


[Fe3+] = [I-] = 0.10 mol‧L-1; [Fe2+] = [I2] = 1.0‧10-3 mol‧L-1
	ΔG = P‧t

ΔG =ΔGo + R‧T‧lnQ

ΔGo = -z‧F‧ ΔEo
Q = [image: image5.png](107%)"«107
o1



 = 10-5
ΔGo = -2‧96485‧0.15 = -28946 J

R‧T‧lnQ = -28524

∣ΔG∣ = 57470 J

t = 574.7 s = 9.58 min


way of calculation: 4bp, calculation 2 bp


D. The rate of a saponification

1.5.
Prove by a calculation that the saponification of the ester is a second order reaction, and find a mean value for the rate constant from three single figures.
	M(ester) = 102 g‧mol-1  ⇒  c0 = 0.025 mol/L


M(NaOH) = 40 g‧mol-1  ⇒  c0 = 0.025 mol/L
c0(A) = c0(B)  ⇒  








2 bp
[image: image7.png]









1 bp
For different time intervals:

0→5: k = 8.172‧10-2 


 
5→20: k = 8.115‧10-2 
0→10: k = 8.083‧10-2 


10→20: k = 8.176‧10-2
0→20: k = 8.129‧10-2 


5→10: k = 7.990‧10-2 

kM = 8.11‧10-2 L‧mol-1‧s-1







4bp


1.6.
After which time have 75% of the ester reacted?

	(1/6.25‧10-3) = (1/25‧10-3) + 8.11‧10-2‧t
t= 1480 s









2 bp


E. The deletion of the ozone layer

1.7.
Derive an equation for the rate with which ozone disappears (v = [image: image9.png]205



), using the steady state approximation for ClO and Cl. This equation should only contain the concentrations of ozone and chlorine as variables.
	[image: image11.png][cL,] - k;[Clll0] + Ks[ci01[0,] - K, [cil?



 



2bp
[image: image13.png]Kylclo,] - k;[cl0][0;]



 ⇒ 





2bp
[image: image15.png]=3
[ci0] =2 [cn]



 combining with the first equation leads to
[image: image17.png]0= ky [CLy) — Ky [C[05] + Ky 2 ICNI0,] - Ky [



 ⇒
[image: image19.png]


 








2bp
[image: image21.png]TE = klalllo;] + k; [Cl0][0;]
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2bp


F. The pressure cooker

1.8.
What pressure must a pressure cooker stand if we want to cook beef meat at 130°C in water?


BP(H2O) at 1.013 bar: 100°C; ΔHV(H2O) = 40.7 kJ‧mol-1

	[image: image27.png]


 
[image: image28.png]«1700(1 L
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p2 = 2.69 bar









3bp


G. Which phosphorus?

1.9.
Find the molecular formula of the phosphorus modification in question by a calculation. 

1.10.
Sketch the molecule in three dimensions.

	Calculation:

n(phosphoru) = m/M = 0.1502/M
m(C6H12) = ρ‧V = 0.78‧50 = 39.00 g

[image: image30.png]


 

[image: image32.png]0.62=20.2 -~
s



  ⇒  M = 125.5 g/mol  ⇒  P4

3bp
	Scetch:
2bp
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H. The phase diagram of sulphur

1.11.
To which temperature must sulphur be heated in all cases so that it is a liquid up to 1400 bar?

	T = 154°C









1bp


1.12.
If sulphur is heated up to 96.0°C (at normal air pressure), a phase transformation takes place. Which one?
	Srhombisch ⇄ Smonoklin








1.5bp


1.13.
How does the entropy change in this phase transition mentioned above? Tick the right box. 

	
	S increases very much.

	
	S decreases very much.

	X
	S does not change much. 






   1.5bp

	
	That can not be stated.


1.14.
What are the triple point data of sulphur?

	T =119.6°C





p = 0.018 mbar

2bp


1.15.
If solid sulphur is heated slowly starting from room temperature, it will melt at roughly 120°C. If this procedure is performed rapidly, the sulphur will melt at 114°C-115°C. Why?

	In heating up slowly, the phase transformation will take place, and the monocline sulphur will melt at 120°C.
In heating rapidly the rhombic sulphur will remain metastable, and thus melt alt 114°C (broken curve).








3bp


Task 2
                                                25 bp ≙ 8  rp ⇒ f = 0.32000

An inorganic reaction scheme

	A

Li

1bp
	B

N2

1bp
	C

Li3N

2bp

	D

H2

1bp
	E

LiNH2

2bp
	F

LiH

1bp

	G

LiNO3

3bp
	H

LiOH

2bp
	I

LiN3

2bp

	J
NH3

1bp
	K

AlCl3

2bp
	L

LiAlH4

2bp

	M

LiCl

2bp
	N

HCl

1bp
	Q

HN3

2bp


Task 3
                                                  17 bp ≙ 6  rp ⇒ f = 0.35294
Phosphate in waste water

3.1.
Which phosphorus species have the highest concentrations at the pH mentioned above?

	H2PO4- und HPO42-








1 bp


3.2. 
Calculate the concentrations of the two species from 3.1..

	[image: image35.png]= Srey = 6461075 mol /L



 






1 bp
[H2PO4-] + [HPO42-]  = 6.46·10-5 






1 bp
[image: image37.png]PO

21—
lgpas [H2P0s)

52610-5_1#, PO




 




2 bp
[H2PO4-] = 1.14·10-5 mol/L

[HPO42-] = 5.32·10-5 mol/L







1 bp


3.3.
Which amount of Fe3+ must be added to 1.00 L of waste water to decrease the phosphorus content from 2.00 mg/L to 0.5 mg/L? Start with the simplification that all the phosphorus is present in form of phosphate ions PO43-!
	[image: image39.png]Mogh- = gogy = 0-46+10mol/L




 

[image: image41.png]Zre =

Mops- =

- =161-10"mol/L



 
1bp
[Fe3+]·[PO43-] = 9.91·10-16
→
[Fe3+] = 6.16·10-11 mol/L


2bp
[image: image43.png]


 




2bp


3.4.
Draw the configuration formulae of the two poly phosphoric acids!


3bp
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3.5.
What was the consumption per OH-group?

	[image: image45.png]=5.6mL




 
or 
[image: image47.png]=5.6mL



   oder
  [image: image49.png]=5.6mL








1bp


3.6.
Calculate the molecular formula of this poly phosphoric acid!

	[image: image51.png]=7.6ml





[image: image53.png]




→
H6P4O13

2bp


Task 4
                                                  14 bp ≙ 5  rp ⇒ f = 0.35714

Super acids
4.1.
Write a balanced equation for the generation of „magic acid“!!

	2 HSO3F + SbF5 ⇌ H2SO3F+ + SbF5SO3F-





2bp


4.2.
Write a reaction equation for the protonation of carbon oxide. Additionally draw all mesomeric structures of the carbon containing product!

	H2F+ + CO ⇌ HF + HCO+







2bp
[image: image65.emf]O


O




O

O














2bp


4.3.
Write an equation for this reaction!

	XeF2 + SbF5 ⇌ XeF+ + SbF6-







1bp


4.4.
Write an equation for this reaction!

	XeF+ + 3 Xe + SbF5 ⇌ 2 Xe2+ + SbF6-​





2bp


4.5.
Draw the MO-scheme of Xe2+, state the binding order and the magnetic behaviour of this particle.
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Task 5
                                                               21 bp ≙ 7  rp ⇒ f = 0.33333
Platinum complexes

5.1.
Write down formulae for all of the mixed bromo-chloro-complexes, and use to indicate stereoisomers the descriptions cis, trans, fac, and mer.

	[PtBr5Cl]2-  cis-[PtBr4Cl2]2-  trans-[PtBr4Cl2]2- fac-[PtBr3Cl3]2-  mer-[PtBr3Cl3]2-
cis-[PtBr2Cl4]2-  trans-[PtBr2Cl4]2-  [PtBrCl5]2-   [PtCl6]2-












4.5 bp


5.2.
Draw one example of own choice with the stereo descriptor “cis” and one with the stereo descriptor “fac”.
	
1bp
	1bp


5.3.
Determine the oxidation number of Pt in [PtBr6]2-, name the complex ion, and write down the electron configuration of the 5d-, 6s- and 6p-orbitals for Pt with this oxidation number.

	Pt4+; 6s0 5d6 6p0; hexabromidoplatinate(IV) oder hexabromoplatinate(IV)

  2.5bp


5.4.
The complex mentioned in 5.3. is a low-spin complex. Scetch the electron-occupation of the t2g- and eg-orbitals. Do you expect a magnetic moment?
	











 2bp



5.5.
Check by calculation, whether the 18-electron-rule is obeyed in this complex.

	no: Pt2+: 6s0 5d8 6p0 : 2 CO 4e- + 2 Cl- 4e- ⇒ total 16 electrons

2bp


5.6.
Determine the value for n for which the complex obeys the 18-electron-rule.

	Fe(0): 4s23d64p0 = 8 electrons; 10 electrons are missing ⇒ 5 CO; n=5

2bp


5.7.
Draw the configuration formula of this complex.
	


2bp


5.8.
Write an equation for this reaction.
	2 [Fe(CO)5]    →   [(CO)3Fe-μ(CO)3-Fe(CO)3] + CO




1bp


5.9.
Draw the structure of the binuclear complex which contains a Fe-Fe-bond.
	












3bp



Task 6





               44 bp ≙ 15  rp ⇒ f = 0.34091
Frontalin – a pheromone of the bark beetle
6.1.
Which substance is referred to in the case of the question mark above the arrow in the first step of the synthesis?

	strong  base, e.g. NaOEt







1bp


6.2.
Find the structures of the compounds A, B, C, D, E, F and the unstable intermediate.

6.3.
Determine the number of stereogenic centres in frontalin and mark them with * in the formula in the box. How many stereoisomers has frontalin?

	A



2bp


	B



2bp
	C



2bp

	D



3bp


	E



3bp
	F


1.5bp

	Unstable intermediate


1.5bp


	frontalin:

1bp

stereoisomeres: 2
1bp


6.4.
Attach the signals which are marked with a, b and c to the respective protons in frontalin. Thereby combine the letters with the numbers of the C-atoms where the hydrogen-atoms which create the signal, are bound to.
	a: 2 H at C7

1bp
	b: 6 H at C2. C3. C4
1bp
	c: 6 H at C1. C5
1bp


6.5.
Determine the absolute configuration at the asymmetric centre(s).
	(1S. 5R)









2bp


6.6.
Give the IUPAC-name of (-)-frontalin.

	(1S. 5R)-1.5-Dimethyl-6.8-dioxa-bicyclo[3.2.1]octan


3bp


6.7.
Determine the absolute configuration at C1 and C2 in the ß-hydroxyester.

	(1R. 2S)









2bp


6.8.
Find the structures of the compounds G, H, J, L, M and N.

	G





1bp

	H





3bp

	J





2bp


	L





2bp

	M





2bp

	N





1bp


6.9.
Which type of compound is generated?

	A ketale (acetonide)








1bp


6.10.
What is the reason for this step? Mark the right answer.

(Attention: For wrong marking there will be a deduction of points, although you cannot get negative marks.)








1bp
	
	Acetone is needed in the final product.

	
	Acetone changes the stereochemistry.

	
	Acetone delivers the two methyl groups in frontalin.

	X
	Acetone serves as a protection for the two OH-groups. 

	
	The consumption of PCC is increased.


6.11.
Draw the configuration formula of (+)-frontalin.

	




2bp




6.12.
What is the stereochemical connection to (-)-Frontalin?

	enantiomeres








1bp
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MO-scheme:					3bp
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magnetic behaviour:





paramagnetic	1bp





bond order:	





0,5		1bp





((   ((   ((
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