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Total:     .........../60

Hints
· You have 5 hours time to complete the solutions of the competition tasks. 
· You may only use this paper, draft paper a periodic table of elements, a table with the structures of amino acids occurring in proteins, a non programmable calculator, and a blue or black biro, nothing else. 
· Write your answers in the boxes provided for them. Only these answers will be marked.  If you don’t have enough space, then you may use draft paper with the remark “belongs to part x.xx“, whereby x.xx means the part of the task in italics. You may take the PTE and the draft paper with you after the competition. 
Constants and Data
R = 8.314 J/mol.K
F = 96485 A.s/mol

NA = 6.022‧1023 mol-1
c = 2.998‧108 m/s

h = 6.626‧10-34 J.s
1 eV = 1.602‧10-19 J

normal conditions: 0°C, 1.013 bar

standard conditions: 25°C, 1 bar
Some formulae
	ideal gas equation
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	free reaction enthalpy
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	free standard reaction enthalpy
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	van’t Hoff-equation
	

	1st order reactions
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	half life for 1st order reactions
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	Activity of a nuclide
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	redox potential and free standard enthalpy
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	Henderson-Hasselbalch-equation
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	Bragg-equation
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	plane distance in cubic systems
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	formula of integral
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Task 1


   





       14  points
About the element boron
A. Nucleon conversions of boron
In the so called BNCT (boron neutron capture cancer therapy) physicists use the fact that 10B, a natural, stable boron isotope, has a great capture cross section for neutrons. 10B is inserted into the cancer tissue, which then is exposed to neutron radiation. If a 10B-nucleus captures a neutron, it will disintegrate immediately to give a Li-isotope and an α-particle. Both of them have kinetic energy from the nuclear reaction and a range of about 10 µm, which corresponds approximately to the diameter of a cell. They therefore attack only cancer cells.
1.1. Give the reaction equation for the neutron capture and the formation of the new nuclide. Don’t forget the mass numbers of the isotopes.
	[image: image9.png]


  


Neutrons may also be captured by other elements, e.g. by 14N. This nucleus will then emit a proton and form another radio-nuclide X.

1.2. Give an equation for this process.

1.3. X has too many neutrons, and is therefore radioactive itself.  Write down the type of decay and the daughter nuclide X. 
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equation:
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type of decay of X: β-                                                  daughter nuclide:               


The probability of capturing a neutron by a single particle is given by the capture cross section σ (unit 1 barn = 10-24 cm2). The larger σ, the larger is the occurrence of a successful capture. The capture cross section of 10B equals to 3838 barn, in the case of 14N only 1.83 barn. However, the content of 14N in body tissue is 0.042 g‧g-1, while the natural content of 10B is only 10-6 g‧g-1. 

1.4. Calculate the relative occurrences of capture reactions for 14N and 10B, that is the proportion (captures by 14N)/(captures by 10B). Take into account the capture cross sections and the natural abundance of the particles.  
	14N 0.042 g/g ≙ 0.003 mol / g

10B 10-6 g/g  ≙ 10-7 mol / g

[image: image11.png]capres N _ 000F 7183 barm 000549

captures "8 10722 3535 barn 3838107








In a certain therapy treatment the cancer tissue of a patient is radiated. Thereby 32P is produced as a consequence of the neutron radiation.  32P disintegrates with a half life of 14.3 days. Immediately after the radiation exposure the total activity of 32P in the patient is A = 0.10 Bq.

1.5. How many atoms of 32P are in the patient immediately after irradiation?
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B. Analysis of a boron compound
Boron forms with phosphorus the binary compounds BP and B12P2. BP is generated at 900-1000°C from boron and white phosphorus P4. It is an extremely hard, chemically inert, and heat resistant substance. It exhibits a zinc blende structure: the boron atoms form a cubic face centred lattice. The P-atoms occupy half of the tetrahedron gaps. The bond distance of BP was measured, the value is 196 pm. 
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1.6. Draw the positions of the B-atoms and the P- atoms into the sketch of the elemental cell. Choose different sizes for the spheres of different atoms.
1.7. How many formula units of BP does the elemental cell contain?

	formula units of BP in the elemental cell: 4



1.8. Calculate the lattice constant of the elemental cell.

1.9. Calculate the density ρ of BP.
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A sample of BP underwent an X-ray analysis. Thereby, X-rays with λ = 72 pm were used. The Bragg angle 2θ = 15.60° was measured for the first reflection of the (111)-planes. 

1.10. Calculate the lattice constant a, which derives from the X-ray analysis.

	[image: image18.png]A 7z
N 8 = 2sin 7.8

265.26





[image: image19.wmf]pm

459

a

l

k

h

a

d

2

2

2

=

Þ

+

+

=




D. Another boron compound
A further interesting compound is a certain magnesium boride MgBx, which is superconductive below 37 K (discovered 2001). It was observed that the B-atoms form hexagonal layers, comparable with graphite, however the layers are piled congruently.  Between the B-layers the Mg-atoms are placed, one between two hexagons. 
1.11. Give a stoichiometrical formula of the magnesium boride which corresponds to the description of the lattice. 

1.12. Looking at MgBx as an ionic compound, the anion has the formula Bxx–. Draw the MO-scheme of Bxx–. Describe the binding order and the magnetic behaviour (diamagnetic/paramagnetic) which corresponds to this scheme.

	Formula of the magnesium boride: MgB2
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magnetic behaviour: diamagnetic



D. A short reaction scheme
The scheme shows some reactions without stoichiometrical numbers. 
[image: image20.emf]
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· Salts of the Lewis-acid A and it‘s condensation products are the most important natural sources of the element C.

· B is an oxide of element C and contains 68.95% oxygen.

· C appears in some allotropic modifications. In every case the building block is an ikosahedron of 12 atoms of the elements. 
· F is the simplest compound of element C with the lightest element which can be isolated.

· G has a molar mass of 117.16 g/mol

· I is a base, light metal which is produced using fused-salt electrolysis.
· J is a halogen with a molar mass of 70.9 g/mol.
· H is a trihalogenide of element I. H occurs in gas phase only as a dimer. 
· K emerges from 2 molecules of F, and, according to Wade’s rules, it occurs in a shape with a description reminding of 8-legged spiders.
1.13. Give the formulae of the substances A to K.
	B(OH)3
A 



	B2O3
B 



	B

C 




	BP

D 



	BF3
E 



	B2H6
F 




	BCl3
G 



	AlCl3
H 



	Al

I 




	Cl2
J 



	B4H10
K 



	


1.14. Draw the configurational formula of the dimer of H.
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1.15. What do you call the special type of bonding in molecule F?

	3-centres-2-electron bonding


1.16. What is the name of K.
	tetraborane(10)


Task 2
                                                                                 6 points
Platinum complexes

Complex compounds of bivalent platinum with the general formula [PtX2(ammin)2] have created great scientific interest in cancer therapy due to its biological activity. The best known compound which is used in big clinical scale, is the so called “Cisplatin“ with the general formula [PtCl2(NH3)2]. All platinum complexes from 2.1. to 2.5. are plane squares.

2.1. 
Find the systematic name of “Cisplatin“.

	Diammindichloroplatinum(II)


2.2.  Draw the structures of all possible isomers with this sum formula. 
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2.3.
Which electron configuration (only d-electrons of the last sphere) has the centre particle of this complex? What is the charge of this particle?

	d8; charge of Pt: 2+


The two NH3-ligands are substituted by the bidentate ligand diamonoethane (H2N-CH2-CH2-NH2, abbreviation „en“, or written as N-N) and one of the Cl-ligands by a Br-Ligand.

2.4. 
Draw the structures of this complex/these complexes.
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The ligand „en“ may be changed by substitution, e.g. methylation delivers 
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2.5.
Draw the 3D-structures of all isomers of the following compounds: 

[PtBrCl(dmen)]


[PtBrCl(S-pn)] 

[PtBrCl(R-pn)] 
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Also Pd-complexes favour plane-square structures, e.g. [Pd(SCN)2{P(CH3)3}2]

2.6. 
Draw the 3D-structures of all isomers of this complex. Take bond isomerism into account.
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Glycinate (H2N-CH2-COO-, „gly“, also N-O) is also a bidentate ligand. With Cu2+ it forms a plane-square complex, with Zn2+ however a tetrahedral complex.
2.7.
Draw the 3D-structures of all possible Cu-or-Zn-glycinate complexes and state whether they are chiral or not. 

	[image: image84.emf]





Task 3
                                                                                 7 points
Kinetics

1. Something extraterrestrial

You guide an interstellar expedition to a planet far away, which is inhabited by aliens. Unfortunately your appearance causes a decomposition of the planet’s atmosphere. This reaction is of 1st order with a half life of 13 hours. Every inhabitant, alien or men has to leave the planet when only 15% of the original atmosphere still exist.
3.1.
How much time remains for aliens and guests?

	[image: image85.emf]





2. Now terrestrial
Propanoic acid ethyl ester hydrolizes in basic solution according to:

CH3CH2COOCH2CH3 + OH- → CH3CH2COO- + CH3CH2OH

The initial kinetic parameters are given in the following table:

	Experiment
	[Ester] (mol/L)
	[OH-] (mol/L)
	v (mmol/L‧s)

	1
	0.0450
	0.300
	1.09

	2
	0.0900
	0.300
	2.15

	3
	0.0900
	0.150
	1.11


3.2. 
Write down the rate law and calculate a mean value of the rate constant. 
	[Ester]2/[Ester]1 = v2/v1   ⇒   1st order

[OH-]3/[OH-]2 = v3/v2   ⇒   1st order
v = k‧[Ester]‧[OH-]










k = v/([Ester]‧[OH-])

k = 8.09‧10-2 L/mol.s



3. Nitrogen oxides
The reaction 2 NO + O2 → 2 NO2 in gas phase will proceed according to the following mechanism, 
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whereby k1≈k-1>>k2.

3.3.
Give the rate law for the formation of NO2 in the form
[image: image21.png]el . 2. [0,]% - &
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by identifying a, b, and c.
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It is also possible to establish another rate law for the above reaction: 
[image: image22.png]a1 2
= ke V0P 0]





This law may be simplified if, at the start, twice the amount of NO is used compared to the amount of O2: [NO]:[O2] = 2:1

3.4.
Show that the rate law takes the form    [image: image24.png]


, and find a relation between k3 and k‘3. What is the value of x?
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3.5. 
Integrate the rate law you got in 3.4., and show that the concentration of O2 changes in the following way with time:
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The kinetics of gas reactions are usually followed by measuring the total pressure of the gas mixture, which changes with time. In this case the partial pressure of oxygen derives in the following way from the total pressure: 
p(O2) = ptotal – [image: image27.png]


‧p0,total
Instead of [O2] in mol/L, you may use p(O2) in Pa as concentration measure of oxygen. 

3.6. 
Give a general formula which relates the partial pressure of a gas with its molar concentration.
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The following kinetic data for a 2:1-mixture of NO and O2 were measured at 298 K:

	t (s)
	0
	60
	120
	180
	240
	300

	pgesamt ×10-4  (Pa)
	1.350
	1.105
	1.060
	1.030
	1.015
	1.005

	p(O2) ×10-4  (Pa)
	0.450
	0.205
	0.160
	0.130
	0.115
	0.105

	1/p2(O2) ×108 (Pa-2)
	4.94
	23.8
	39.1
	59.2
	75.6
	90.7


3.7. 
Fill the respective data into the table above and show graphically that the rate law of 3.5. comes true. Calculate k‘3 in the respective time-, and pressure unit.
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	Calculation for k‘3:  
2 k‘3 = (90.7/300)‧10-8 Pa-2s-1 


k‘3 = 1.51‧10-7 Pa-2s-1 


Task 4
                                                                                 8 Points
Thermochemistry and equilibrium

Industrial synthesis of hydrogen

One of the many methods to synthesize hydrogen on an industrial scale is the conversion of methane with overheated water vapour at 1100 K to form hydrogen and carbon oxide. 

4.1.
Write down a balanced equation for this reversible reaction. 
	CH4 + H2O ⇄ 3 H2 + CO  


In the following thermochemical calculations you may assume all gases to be ideal. You may also neglect the temperature dependence of ΔH- and ΔS-values.

We know the equilibrium constants of the above reaction at two different temperatures, at 298 K: KP = 1.45‧10-25, and at 1580 K: KP = 2.66‧104. 

4.2.
Calculate ΔRHθ1100, ΔRSθ1100, ΔRGθ1100, and KP  at 1100 K.
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Let us start with a mixture of 1.00 mol CH4 and 1.00 mol H2O. After establishing the equilibrium, the pressure in the vessel equals 1.60 bar. 

4.3.
Calculate the percentage of conversion of CH4 at 1100 K using the value of KP. If you didn’t get a value in 4.2., you may use KP = 30.0.
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Insertion of numbers (K = 28.6, p = 1.6 bar) and solving the equation leads to

a = 0.7498

75%  are converted



Let us look from another view, from another angle at the system. 1.00 mol CH4 and 1.00 mol H2O are filled into a vessel with a fixed volume at 400 K, so that the pressure amounts to 1.60 bar. Then the vessel is heated to 1100 K.
4.4.
What is the pressure in the vessel after only heating (before reaching the equilibrium)?

	p1T1 = p2T2
⇒
pG = (1100/400)‧1.6

pG = 4.40 bar  



4.5.
What are the partial pressures of methane and water at 1100 K before establishing the equilibrium?

	p(CH4) = p(H2O) = ½pG
pi = 2.20 bar 



4.6.
Now calculate the partial pressures of all gases and the total pressure at equilibrium.
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Solving the equation leads to:

b = 1.08 bar

pG = 6.56 bar

p(CH4) = p(H2O) = 1.12 bar  


p(CO) = 1.08 bar

p(H2) = 3.23 bar










4.7.
Now calculate the percentage of conversion of CH4 at 1100 K, knowing that the amounts are proportional to the partial pressures.  
	Conversion = 100‧(2.2-1.124)/2.2 = 48.9%  



Task 5
                                                                                              6 Points
Hydrogen peroxide

Hydrogen peroxide, H2O2, is a very interesting and multifunctional compound, which also offers a lot of technical applications.

Hydrogen peroxide is a weak acid (pKA = 11.65).

5.1.
Calculate the pH-value of an aqueous solution with a hydrogen peroxide concentration of 0.100 mol/L!

	[image: image39.png]


  



Of special interest is the redox behaviour of this compound, because it has a reducing as well as an even stronger oxidizing effect. Hydrogen peroxide is p.e. able to oxidize I- to I2. 
You are given the standard potentials:

I2 + 2 e- ⇌ 2 I- 


EƟ1 = +0.535 V

H2O2 + 2 H+ + 2e- ⇌ 2 H2O

EƟ2 = +1.763 V

5.2.
Write down a balanced equation for the reaction of I- with H2O2!

	H2O2 + 2 H+ + 2 I- ⇌ 2 H2O + I2


5.3.
Calculate the potential difference for the reaction in 5.2..

	ΔEƟ =  EƟ2 - EƟ1 = 1.763 – 0.535 = 1.228 V



5.4.
Calculate the free standard enthalpy and the equilibrium constant for the reaction in 5.2. at standard conditions.

	ΔGƟ = -z·F·ΔEƟ = -2·96485·1.228 = -237.0 kJ/mol

[image: image41.png]






Hydrogen peroxide may also act as reducing agent. 
The corresponding standard potential is:
O2 + 2H+ + 2e- ⇌ H2O2

EƟ3 = +0.695 V

5.5.
Write down a balanced equation for the reaction of hydrogen peroxide with potassium permanganate in acidic solution.
	2 KMnO4 + 5 H2O2 + 6 H+ ⇌ 2 K+ + 2 Mn2+ + 5 O2 + 8 H2O


5.6.
Hydrogen peroxide also tends to disproportionation, thereby reacting to water and oxygen. From the above data calculate the potential difference for disproportionation at standard conditions.
	ΔEƟ =  EƟ2 - EƟ3 = 1.763 – 0.695 = 1.068 V




In order to avoid spontaneous disproportionation, normally available stabilizers are added to commercial hydrogen peroxide solutions. Additionally, the hydrogen peroxide must be purified from interfering ions which often increase the decomposition by catalysis. An example for such a catalyst are Fe3+-ions. In this case, Fe3+ is first reduced by hydrogen peroxide to Fe2+ and then oxidized by hydrogen peroxide again to give Fe3+.    Fe3+ + e- ⇌ Fe2+ 
EƟ4 = +0.77 V

5.7.
Give reaction equations for both processes and calculate the respective potential differences as well as the free standard enthalpies. 

	H2O2 + 2 Fe3+ ⇌ O2 + 2H+ + 2Fe2+







ΔEƟ =  EƟ4 - EƟ3 = 0.77 - 0.695 = 0.075 V






ΔGƟ = -z·F·ΔEƟ = -2·96485·0.075 = -14.5 kJ/mol




H2O2 + 2 H+ + 2 Fe2+ ⇌ 2 H2O + 2 Fe3+ 







ΔEƟ =  EƟ2 - EƟ4 = 1.763 - 0.77 = 0.993 V






ΔGƟ = -z·F·ΔEƟ = -2·96485·0.993 = -191.6 kJ/mol



5.8.
Why can Fe3+-ions act as a catalyst here? Justify in a short way.

	Fe3+ - ions act as a catalyst because both reactions with them show a negative value of the  free reaction enthalpy, therefore the equilibrium is on the right side. 


5.9.
In which range must the standard potentials of another catalyst be located in order to act in the same way?
	Another catalyst must have a standard potential between + 0.695 V and + 1.763 V.


Task 6
                                                                                            5 Points

Renal calculi

To solve the task you will need the following data: 

Solubility product of calcium oxalate: 

KLP = 2.32·10-9
Acid constant of oxalic acid: 



pKA1 = 1.25 und pKA2 = 3.81

Complex formation:
Ca2+ + Cit3- ⇌ [CaCit]-
K = 1.88·103
Renal calculi are a common metabolism disease which, however, may have many different causes.  About 65% of the analyzed renal calculi consist of calcium oxalate, CaC2O4. The basic reason for the associated hyper oxalury seems to be a hereditary disease of the glyoxylate metabolism in the liver which leads to a strongly increased level of oxalate in blood plasma. In other types of hyper oxalury the incorporation of oxalate by consumption of oxalate containing food leads to renal calculi.  The elevated oxalate level generates poorly soluble calcium oxalate by reaction with calcium ions. This oxalate is precipitated in form of renal calculi in the kidneys. 
Pieplant is a plant with an exceptionally high content of oxalic acid or oxalate respectively. The mean value per 100 g of substance is given as 460 mg of oxalic acid. In the small intestine we have a pH of 7 - 8.

6.1.
In which form will oxalic acid exist in the small intestine? Give your reasoning! 

	As the pH is clearly above pKA2, there will be only C2O42- -ions present.


6.2.
Which mass of calcium ions is it necessary to incorporate in order to precipitate this amount of oxalic acid as calcium oxalate? You may assume a complete precipitation. 

	[image: image42.png]
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6.3.
The concentration of calcium ions in blood plasma amounts to 1.20 mmol/L. What is the maximum concentration value of oxalate ions in blood plasma just before precipitation of calcium oxalate (e.g. as renal calculi)? Take into account that blood plasma has a pH of 7.35-7.45, and that again only one oxalate species is present.

	[image: image44.png][Ca®*]-[C,0:7]
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A controversially disputed possibility to increase the solubility of calcium oxalate is the intake of sodium citrate containing drugs. The citrate ions form a soluble complex with calcium ions and thereby avoid the precipitation of calcium oxalate.

The citrate concentration of blood plasma is typically 120 µmol/L, suppose that this is the sum of all citrate containing species. You may assume that the total concentration of calcium in solution and in the complex again is 1.20 mmol/L. 

6.4.
What is the maximum concentration value of oxalate in this case apart from having the same conditions as in 6.3.?
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6.5.
Another possibility to avoid renal calculi would be the decrease of the pH. What is the maximum concentration value of oxalate at a pH of 3.81, again under the same conditions as in 6.3., before precipitation of calcium oxalate? If you don’t have a value in 6.3., you may use [C2O42-] = 2.0‧10-6 mol/L.

	pH = pKA2  ⇒ 
[HC2O4-] = [C2O42-]

ctotal oxalate = 1.93·10-6·2 = 3.86·10-6 mol/L


Task 7
                                                                                           10 Points
Synthesis of carbo sugars and shikimic acid via a „norbornyl“-path
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The compound F is an interesting starting material for the synthesis of poly hydroxylated cyclopentanes and cyclohexanes, as well as the synthesis of carbo sugars or shikimic acid. 
The following scheme 1 describes the synthesis of the intermediate F:
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Additional information to scheme 1:

· The 1H-NMR of D shows only one signal (singlet).

· The 13C-NMR of D shows 4 signals 

7.1. 
Draw the structural formulae of the compounds A, B, C, D, and E into the boxes.
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7.2. 
What do you call the reaction A → B?

7.3. 
What is the trivial name of the reaction D → E?

7.4. 
Compound F has two methoxy groups. To which type of functional groups do they belong?

7.5. 
By which special stereodescriptor do you specify the position of the OH-group in the bicyclic compound F? 

	7.2. retro-Diels-Alder

	7.3. Diels-Alder

	7.4. ketale

	7.5. endo


The following scheme 2 shows the conversion of compound F to give two lactones which are needed as the key compounds in the synthesis of carbo sugars and shikimic acid.
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7.6. 
Draw the structural formulae of the compounds G, H, and I (show the right stereo chemistry).

	G
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7.7. 
Which reagent is needed for the reaction from I to J or K respectively?

	MCPBA = m-chloroperoxybenzoic acid or other peroxy acids
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Compound K is converted to a tetra acetate of a carbo sugar in the last step. The following three 3 steps are necessary:

7.8. 
Draw the structural formulae of the compounds L and M.

	L
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Compound K is converted to a „protected“ shikimic acid. The necessary steps are shown in the following scheme: 

7.9. 
Which reagents do you need for the step from K to O? How do you call this type of reaction?

	MeOH/OH- (or MeOH/NaOH or MeOH/KOH); transesterification
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7.10.
Determine the configuration of the chiral centres in P according to the CIP-rules and write the respective stereo descriptors to these centres. 

It is also possible to form the lacton bridges in the compounds J and K, if vinyl acetate reacts with compound Q (C5H4O2) according to the same [4+2]-cycloaddition which is described in scheme 1.
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7.11.
Which structure has compound Q?

7.12.
Which product/s are generated in this reaction (draw the structure/s)?

	7.11.
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Natural shikimic acid has the following structure: 

7.13.
What is the stereochemical relationship to product P (without protecting groups)?

	enantiomeres


The shikimic biosynthesis path is of great importance for the synthesis of the essential aromatic amino acids like tyrosine and phenylalanine. Thereby, chorismic acid is produced from shikimic acid in several steps. The chorismic acid is converted by a Claisen rearrangement to give prephenic acid R. From this compound CO2 and H2O are split off and phenylalanine is formed by transamination.
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14

7

  

chorismic acid

        prephenic acid
     
      phenylalanine
7.14.
Draw the structural formula of R (show the right stereo chemistry).
	R
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Task 8
                                                                                            4 points

Chymotrypsine

Chymotrypsine cleaves peptide bonds. The following pictures show the mechanism oft he cleavage of peptide bonds by chymotrypsine as a catalyst.
Chymotrypsin hast two special structural elements: 

· in the oxy-Anion-hole a negatively charged oxygen is stabilized 

· in a hydrophobic pocket a large, hydrophobic amino acid rest is bound 

Description of the cleavage steps:

1. A substrate is fixed. 
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2. An unstable intermediate with a negatively charged oxygen (oxy-anion) and a tetrahedral carbon is formed.  
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3. The peptide bond is cut, product 1 is released, and the acyl-enzyme-intermediate is formed.
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4. Water is added to the intermediate and again another unstable intermediate with a negatively charged oxygen (oxy-anion) and a tetrahedral carbon atom is produced.
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5. The bond between product 2 and the enzyme is broken. 
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6. The enzyme is regenerated and product 2 is split off. 
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Concerning the questions where you should tick the circle/s, you will get for every right ticking bonus marks, for every wrong ticking discount marks. Within one question there will be no negative marks. 
8.1. In the given example the phenyl rest of phenylalanine is bound in the hydrophobic pocket. Tick the amino acids which are also suitable instead of phenylalanine.
· methionine
· aspartate
· glycine
· isoleucine
· arginine
8.2. 
In step 2 you see a nucleophilic attack at the substrate molecule. Which atom of which amino acid of chymotrypsine acts as the nucleophile?

	The oxygen atom from Ser-195.


8.3. 
The hydrogen atom of the OH-group of Ser-195 is split off in reaction 2, although the OH-group has a relatively high pKA-value. What are the reasons for this behaviour?

· His-57 acts as a base and therefore relieves the donation of a proton.

· High pKA-values point to an easy separation of protons.

· The hydrogen bridge of Gly-193 increases the acidity.

· The interaction in the hydrophobic pocket raises the polarisability of the C=O – double bond.

8.4.
What is the function of amino acid Asp-102 in the catalysis of the peptide bond cleavage?

· It increases the pH-value.

· It stabilises the positive charge which is formed on His-57 after step 2.

· It stabilises the position of Gly-193.

· It fixes the position of His-57 by van der Waals-forces.
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Also the ester p-pitrophenyl acetate may be hydrolised by chymotrypsine, whereby p-nitrophenol and acetic acid are generated. The concentration of p-nitrophenol in mol per mol enzyme in the course of the reaction is given in the following diagram:
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8.5.
Tick all possible statements which seem to be plausible according to the above diagram:
· The reaction is of second order.

· The longer the reaction carries on, the slower it gets. 
· The reaction runs very quickly until about one third of the total enzyme has reacted. 
· The reaction runs very quickly until all enzyme molecules are occupied.
· The reaction slows down after one minute.

· The reaction accelerates after one minute.

· The rate of the reaction does not depend on the enzyme concentration.
· At the beginning the reaction is quick, after that it slows down when all the enzyme is occupied.
· The reactions 1-3 run more quickly than the reactions 4-5.

· The reactions 1-3 run more slowly than the reactions 4-5.
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