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participants cannot be University students till the end of February 2013;
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all answers and parts of solutions must be written in specially designed answer sheets
according to directions (grading will be done automatically by analyzing answer sheet file);
students must submit their own work; completely identical solutions will be graded with 0

points;

working language is English (problems are in English and students are expected to answer them in
English);

deadline for submission of answers is 28" February 2013; 24:00 Latvian time

if you have more questions or you would like to submit answers, you have to write to
behem@inboxlv

this is final round of competition, students after grading problems from both rounds will
receive diplomas from University of Latvia.

Organizers and problem authors wish you success and enjoy competition!!



Problem 1 Spaceship (10 points)

Solution
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m, =m, -exp(—kt) = m, = eXp(— 1132804 ln2) ~12.7 g(3-4 significant figures acceptable)
Problem 2 Aldol condensation gone wrong! (25 points)

1. The problem was about aldol condensation in base, therefore a base catalyzed mechanism was required:

Base catalyzed aldol reaction (shown using OCH3 as base)

\03

(Lost H shown enolate Aldol
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Base catalyzed dehydration (sometimes written as a single step)
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Important point in OH elimination is the formation of enolate in the first step and elimination in the second

step, the reaction is a 2 step process.

2. From the fact that all products are formed at ~25% it should be evident that it is not dueto E Z
isomerization as one of the two isomers would be preferred over the other. Geometrical

isomerization is ignored in this problem.
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Products are 2 self condensation products and 2 cross condensation products (acetaldehyde enolate +

propanal and propanal enolate + acetaldehyde).



Ais 2-pentenal because it is the desired product and its structure is actually given in the problem. Cand D
must be self condensation products because of reasons explained in part 4 of this problem. Since C has
lower boiling point than D, C must have lower molar mass than D. Because the structures of the 4 products
are very similar their boiling points should increase with increasing molar mass. The remaining product must
be B.

3. Due to very similar structures the 2 aldehydes have very similar reactivities and their a protons have
very similar acidities. Both have equal probability of getting enolized and the enolate have an equal
probabiltiy of attacking either of 2 aldehydes. The result is 4 products in equal amounts determined
by probability. The reaction is done at equilibrium conditions, at any one time the reaction mixture
contains a very low concentration of enolate which means that it is easy for the enolate to attack
any of the aldehydes.

4. It was intended to form an enolate of one aldehyde so that unwanted self or cross condensation
cannot happen, however, due to high reactivity of aldehydes the moment the first base is added the
aldehyde enolizes and attacks non-enolized aldehyde before the base can deprotonate it. The result
is self condensation product C. Only half of the base is consumed because only 1 equivalent of base
is require for 2 equivalents of aldehyde. This means that when the second aldehyde is added to
what is supposed to be an enolate it is self condensed as well (product D). At low temperature
enolate attack on aldehyde is still faster than deprotonation and different base makes no difference
because the problem of this method is the high reactivity of aldehyde.

5. Using aldehyde directly is problematic due to its high reactivity. An enol equivalent must be used, this
adds extra steps but the target molecule can be obtained. 3 ways of doing this are summarized here:
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Problem 3 Base vs Nucleophile! (25 points)

1. The structures are:
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2. The first reaction is nuclepohilic substitution reaction (Sy2). DMSO is a good slovent for solvating
cations, not anions, therefore the sodium ion ends up protected by DMSO envelope while
the propionate anion is exposed and therefore very reactive. Propanol as a solvent
coordinates around both ions, most importantly around the anion thereby making it bigger
and bulkier (harder to attack) and also stabilizing its charge (lower reactivity), both effects
decrease the rate of reaction.

The second reaction involves a very bulky reagent which cannot act as a nucleophile due to steric
hindrance. Because it cannot react as a nucleophile it reacts as a base (E2 reaction). The t-butanol
cannot efficiently coordinate around t-butanoate anyway due to bulkiness of both molecules,
therefore using DMSO in this case makes little difference.

3. This is a simple hydrolysis:
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Reactants are product B and water and the catalyst is an acid.

4. Reaction with t-BuOK would lead to a complicated mixture of products, one of possible
outcomes is shown here:
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This could react further in different ways forming
a complicated mixture of products

In this case maximum points were awarded for noting that an enolate will be formed in low
concentration in equilibrium conditions and that it can react further.

Reaction with benzenthiol is much more predictable and should give:
)J\/\s
4-(phenylthio)butan-2-one
As a soft nucleophile benzenthiol does 1,4 addition in preference of 1,2 addition.



Problem 4 Charm of physical chemistry (25 points)










Problem 5 Redox reactions (25 points)

Dénes Berta
E6tvos Lordnd University, Budapest, Hungary

a) Solution of the first three tasks is based on the Nernst equation. The general formula is the
following: € = ¢y + %ln (%) where g, is the standard, ¢ is the actual potential; R is ideal gas constant; T

is the temperature in Kelvins; z is the stoichiometric number of electrons; F is the Faraday constant; [ox] and
[red] are the concentration of oxidized and reduced species — for approaching the chemical activity.

i) The half-cells are standard, & = &, therefore the following reaction will take place: Cd + Ni** = Cd** +
Ni, because the Cd**/Cd half-cell has lower potential.

i) At pH=11 precipitation should be considered. [Cd*] can be determined by using the solubility
constant:

L = [Cd?*][OH]? x = [Cd?*]

107135 = x x (1073)?, x=10"75=3.162 x 108 mol/L.
Using the Nernst equation the actual potential of cd*/cd half-cell:
g(Cd?**/cd) = —0.40 + 83145 x 298.15 n (10_7.5> =-0.62V
2 X 96485 1

Therefore the reaction is the same as in the previous subtask.

Another reasoning: precipitation means that the [Cd**] will decrease. According to the properties of
logarithms this means that the actual potential of cd?**/cd half-cell will be lower than &(Cd**/Cd) so the Cd +
Ni**= Cd*" + Ni redox reaction will take place as well.

(Because of the precipitation: Cd + Ni** + 2 OH = Cd(OH), + Ni)

iiii) This case is quite similar to the previous one. Using the same method: &(Ni**/Ni) = -0.56 V so the
direction of the redox reaction will be different: Ni + Cd** = Ni** + Cd
(Ni + Cd** + 2 OH" = Ni(OH), + Cd)

iv) The actual potential of half-cell 1) can be determined similarly, the concentration is known from the
masses: £(Cd**/Cd) = -0.45 V.
[Ni*] will be lower because of formation of Ni(CN),>. The initial amounts are stoichiometric and the
equilibrium constant is a large number, so [Ni(CN),*] could be approached by [Ni*'].
103111 = 1.021 x 1073

x X (4x)*
where x = [Ni?*] = 4.991 x 10~ 8mol/L
Using the Nernst equation: e(Ni?*/Ni) = —0,45 V. e(Ni?*/Ni) = £(Cd?*/Cd) therefore no redox reaction

will be expected.



b) The main difficulty of this task is that none of the complexes are negligible. The equilibrium
. P (o (| -1 _ _
constants are given for each complex: 8,, = CaH I [Cdl(n 2) ] = B, [Cd?*][17]"

Using these correspondences [Cd**] and [I'] could be written by the linear combination of concentrations of
species. This results a system of equations for [Cd*] and [I':

4
[cd?*]' = [Cd?] (2 Bn[l"]"> fo=1 M
n=0
4
071 = [17] + [Cd?*] (z ﬁnn[l-]n> @
n=1

This could be solved by computer or an iterative method.

Considering the [I7] it must be between 0.031 and 0.035 mol/L. Let us suppose that
[I7] = 0,031 mol/L. Using equation (1): [Cd?*] = 4.445 x 10~> mol/dm?>. Substituting these for equation
(2) [I7] = 0.03327 mol/L. Repeating this method until [I~] will not change during the cycle the solutions are
[I7] = 0.03321 mol/L and [Cd?*] =3.937 x 10™° mol/L. The actual potential of this half-cell:
g(Cd?*/Cd) = —0,53 V. If there is no difference between these half-cells e(Ni?* /Ni) must be -0.53 V.
8.3145 x 29815 <[Niz+]>

24 . _ - _
e(Ni**/Ni) = —0.53V = 023 + ——— == :

so [Ni?*] = 7.050 x 10~ mol/L.
In basic solution of [Ni**] there must be equilibrium between precipitate and free [Ni

L 10-17.19 mol
[OH™] = = =3,026 X 1074 —
[ dm3

1, therefore:

Niz*] ~ 7,050 x 10-11

Almost the entire amount of Ni** is in precipitate so 2 X 0,1 x 1 X 10™* mol NaOH is necessary for it.
Besides this additional 0,1 X 3,026 x 10~* mol NaOH is needed to set the pH value of the solution. As result
2,011 mg NaOH must be added.
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