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DIRECTIONS

Q

All the time you are in the laboratory you must wear safety spectacles or optical spectacles, in
case the latter are needed. Pipettes have to be filled with a pipette bulb. Eating in the laboratory
is strictly prohibited.

Participants have to follow the safety rules, to be kind to each other and to keep their labware
and working place in order. Do not be shy to ask the laboratory assistant about the safety rules.

You may begin working only after the “START” signal. You have 5 hours to complete the
practical examination and to fill in the answer sheets. 15 minutes before the end of this period
you will be warned. Working has to be stopped right after the “STOP” signal. Being 5 minutes
late will result in receiving 0 points for the practical examination.

Write your name and code (indicated in the working place) in the corresponding boxes on the
answer sheets.

All results have to be written in the corresponding boxes on the answer sheets. Results written
elsewhere will not be graded. If you need some paper for calculations or an additional answer
sheet, ask the laboratory assistant.

When you have finished working, place all answer sheets into the provided envelope. Only the
sheets in the envelope will be graded.

Do not leave the room prior to receiving permission.
You have to use only the provided labware.

The number of significant figures in the numerical answers has to correspond to the laws of
experimental errors and rounding up. Failing to do the calculations correctly will result in
penalties, even if your technique is impeccable.

Collection of used and spilt chemicals and broken glassware

Q

Organic filtrates, washings and any other waste have to be put into the corresponding vessels
or bottles.

For disposing of waste and chemical waste use the corresponding containers.

Broken glassware and split glass has to be disposed of in the waste basket. For breaking
glassware or asking an additional sample you receive a 2 point penalty.



Country: |

Student’s name, surname: |

(z9z) . (es2) ; (8S2) » (Ls52) . (zs?) » (1s2) ,U vz) o (evz) & (evz) . (vvT) ; SO'LET | €O'BEZ | VO'LET ) VOTET

11 OoN —...-E | uy s3I P v_m w) - E< :n_ n_z n bd Yyl SOPIUDY,
£0L. zoL . 1oL oOL 66 86 L6 9  S6.  v6. 6. zs| 16 06

L6'VLL b VO'ELL |} E6'B9L ) 9T'Z9L B S6'PIL | OS°T9L | €6 .umr mﬂnm— R._m— .om_. (sy1) BvZ'ovL ) L6TOVL B ZLOVL

n | aA Jwy ©°H | 4q wd PN J 2d |20 B sopuoyuon,
73 oL 69 ; 99 19 o9 oesf 85

S|DJOW-UON| [ fons o

}ojq } e) § (evz) ﬁo«v
sun —r_::— :

(zzz) | (012) | (60Z) | 86'80T j Z'L0Z L6961 | 80'S61 | TT'T6L u.o& 1Z'981 ) se'e8lL ) S6'081
ug g iv jod | !'a  qd ny S M |DOL
98 58 m €8 T 6L &L vL £L
6T'LEL |y 06°9ZL } 09221 | SLLZL | LL'BLL § £8°LoL emo_ :_ zZoL o S_ {ss) B v6's6 h 906'z6
ax i1 3L m< u._. oW | 9N
vs €S 4 Gv 5‘ r i
0g'¢8 06°6L 1 96°8 ; 226" ve ) 192 9YS'E9 b 69°8S | EC6'BS B LPBCS b SE6YS B 966°1S | TV6'0S
Sl Z m as | sy | o9 n | IN I JUW] D} A
oc @ S8 t B - z et st 74 £z
8Y6°6C | TOV'SE | 990°ZE |y VL6'OE b 980°8T
g S W d IS S|PfeW uoILIsuDI]
81 L oLi sif w
081°0Z | 866'81 | 666°SL | Z0OVL | LLO'ZL & LL8'OL 019 p
aNf 4 JOIN]DO 1
oL 6 8 L of H
9200'y A
oH A IA A Al Il
z )oiq d

A |
»o|q s

adojosi a|qeas Isow = (ssaquinpy)
Tl = Dy, uo paseq suyBlam d1woly

SJUaWIS[H JO d[qe L dIPOLId] ,



Student’s name, surname: | | Country: | |

Problem 1 ORGANIC CHEMISTRY

HANTSCH DIHYDROPYRIDINE SINTHESIS

15 points
Labware:
technical balance 1
50 mL round bottom flask 1
heating plate 1
reflux condenser 1
boiling stones 2-3
Bunsen flask 1
Buchner funnel 1
Petri dish 1
spatula 1
50 mL cylinder 1
10 mL measuring pipette 1
laboratory stand 1
In the free area to the right draw schematically
the reaction assembly.
Reagents:
Ethanol Reaction assembly
Safety information:
R11 Highly flammable
S7 Keep container tightly closed
S16 Keep away from sources of ignition - No smoking
Ethyl acetoacetate
Safety information:
R36/37/38 Irritating to eyes, respiratory system and skin
S26 In case of contact with eyes, rinse immediately with plenty of water and seek medical
advice
S37/39 Wear suitable gloves and eye/face protection

Ammonium acetate

Safety information:

S24/25 Avoid contact with skin and eyes
Urotropine
Safety information:
R11 Highly flammable
R42/43 May cause sensitization by inhalation and skin contact
S16 Keep away from sources of ignition - No smoking
S22 Do not breathe dust
S24 Avoid contact with skin
S37 Wear suitable gloves
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Objective:
Synthesize diethyl 2,6-dimethyl-1,4-dihydropiridine-3,5-dicarboxylate from the provided
starting compounds.

Introduction:

The reaction of 1,3-dicarbonyl compounds with aldehydes and ammonia that gives
1,4-dihydropyridines was described by Hantsch more than a hundred years ago. This method is widely
used for the synthesis of symmetrically substituted 1,4-dihydropyridines. Lately this method has
acquired a special popularity because some compounds obtained this way have valuable properties.
For example, medication nifedipine (Adalat®, produced by Bayer-AG) is a calcium antagonist in vivo
and is used as a hypertensive.

Nifedipine

Nowadays various modifications of the classical Hantsch synthesis are known. For example,
ammonium acetate is used as the source of ammonia and urotropine is used in place of formaldehyde.
If ammonia is replaced by primary amines, N-substituted 1,4-dihydropyridines can be obtained. Other
methods similar to Hantsch ester synthesis have also been developed that allow to obtain
unsymmetrical 1,4-dihydropyridines.

You have to synthesize diethyl 2,6-dimethyl-1,4-dihydropiridine-3,5-dicarboxylate. The
synthesis is outlined in the following scheme:
O O

O 0
+ NH, + CH,0 o) o ™
2 J N~ " N OHO g J:(f
N
H

In a 50 mL round bottom flask dissolve 2.0 g of ammonium acetate and 0.80 g of urotropine in

Procedure:

22 mL of ethanol, add 7.8 mL of ethyl acetoacetate and reflux the solution for 1 hr in a boiling water
bath, gently swirling the flask time to time (meanwhile you may start working with Problem 2 —
determination of the percentage of hydrogen peroxide solution).

Cool the solution and filter off the precipitate using a Buchner funnel. Wash the precipitate on
the filter with 2 mL of ethanol, 4 mL of water, and again 2 mL of ethanol. Recrystallize from ethanol.

Dry in the air, covered with filter paper. A yellow crystalline compound is obtained.
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Questions:

Draw structure of the product that would form if phenylacetaldehyde were used in place of
formaldehyde!

The synthesized 1,4-dihydropyridines can be easily oxidized to the corresponding pyridines. In
classical methods nitric acid or nitrous acid are used as oxidants. Yet methods employing, for
example, copper(ll) acetate, manganese dioxide on a solid support or cerium(l\VV) ammonium nitrate
(NH4)2.Ce(NO3)s are more convenient.

Write reaction equation for the oxidation of diethyl 2,6-dimethyl-1,4-dihydropiridine-
3,5-dicarboxylate with cerium(IV) ammonium nitrate.




Student’s name, surname: | | Country: | |

Problem 2 PHYSICAL CHEMISTRY

DETERMINATION OF THE CONCENTRATION OF
HYDROGEN PEROXIDE SOLUTION
AND KINETICS OF ITS DECOMPOSITION

25 points
Labware:

laboratory stand

clamps

30 mL burette

funnel

10 mL volumetric pipette
100 mL volumetric flask with H,O, solution
250 mL Erlenmeyer flasks
50 mL conical flask

50 mL burette

separating funnel
magnetic stirrer
stopwatch

rubber tubing

5 mL measuring pipette
15 mL volumetric pipette
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Reaction assembly for the study of kinetics of
hydrogen peroxide decomposition

Reagents and safety information:

hydrogen peroxide, H,O,; approximately 3% solution

Safety information:

R22 Harmful if swallowed

R37/38 Irritating to respiratory system and skin

R41 Risks of serious damage to eyes

S26 In case of contact with eyes, rinse immediately with plenty of water and seek medical
advice

S28A After contact with skin, wash immediately with plenty of water

S36/37/38 Wear suitable protective clothing, gloves and eye/face protection

S45 In case of accident of if you feel unwell, seek medical advice immediately (show the

label where possible)

potassium permanganate, KMnQy; 0.020 M solution
Safety information:

R22 Harmful if swallowed

R50/53 Very toxic to aquatic organisms, may cause long-term adverse effects in the aquatic
environment

R8 Contact with combustible material may cause fire

S60 This material and its container must be disposed of as hazardous waste

S61 Avoid release to the environment. Refer to special instructions / Safety data sheets
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sulfuric acid, H,SO4; 1 M solution + Mn** ions
Safety information:

R35 Causes severe burns

R51/53 Toxic to aquatic organisms, may cause long-term adverse effects in the aquatic
environment

S26 In case of contact with eyes, rinse immediately with plenty of water and seek medical

advice

S30 Never add water to this product

S45 In case of accident or if you feel unwell, seek medical advice immediately (show the
label where possible)

S61 Avoid release to the environment. Refer to special instructions/safety data sheet

potassium iodide, KI; 0,25 M solution

Safety information:
S26 Avoid contact with skin and eyes

Objective:
By titration with permanganate determine the percentage of hydrogen peroxide solution.

Determine reaction order of hydrogen peroxide decomposition and reaction activation energy.

Introduction:

Hydrogen peroxide is an interesting compound, because it is both an oxidizer and a reducing
agent. In medicine hydrogen peroxide is used externally as an antiseptic. The antiseptic properties of
hydrogen peroxide are based on its ability to liberate oxygen under influence of catalase (an enzyme),
contained in blood. Catalase decomposes hydrogen peroxide, consequently, oxygen is liberated and
foam is formed.

Hydrogen peroxide solution used in medicine is usually prepared by ten-fold dilution of the
industrially produced solution, containing 27.0 — 31.0% hydrogen peroxide. The analysis is based
upon a redox reaction that occurs during titration. This method provides good precision, and it can be
successfully used for the analysis of both very dilute and more concentrated solutions.

The kinetics of hydrogen peroxide decomposition can be studied by measuring volume of the
liberated oxygen as function of time. First, reaction order has to be determined. To do this, two
solutions are prepared, as described below, with hydrogen peroxide concentration in one solution
twice as high as in the other solution. The change of reaction rate is observed. In both cases the rate
constant is determined (denoted as k; and k).

Then, the experiment with the more concentrated hydrogen peroxide solution is repeated in an

ice bath (the temperature has to be measured). The rate constant is determined (denoted as k3) and the

Ea
activation energy is calculated by Arrhenius equation k = A-e RT .
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Part 1 — Determination of the percentage of hydrogen peroxide solution

Complete and balance the following reaction equation:

. KMnOg4 + . H,O, + . H,SO, —

For the analysis transfer 10 mL of the hydrogen peroxide solution into the 100 mL volumetric
flask, dilute to the mark and mix thoroughly. For each titration take 10 mL of the diluted solution, add
~10 mL of 1 M sulfuric acid that contains a small quantity (~0.3%) of manganese(l1) sulfate and titrate
with 0.02 M KMnO,, until the solution attains a faint pink color that persists for ~1 minute.

Summarize titration results in Table 1.

Why no indicator is used in this titration?

What is the role of Mn®* ions in the reaction? Why only ~0.5 mL of potassium permanganate solution
is used if no Mn?* ions are added?

Table 1
Results of titration of the hydrogen peroxide solution with potassium permanganate
No Burette readings (KMnQ,)
. Vstart, mL Vend, mL V, mL

1.

2.

3.
The volume of potassium permanganate solution used in calculations V= mL




Student’s name, surname: | | Country: |

Calculation of the molar concentration of the hydrogen peroxide solution:

Part 2 — Kinetics of hydrogen peroxide decomposition

Catalytic decomposition of hydrogen peroxide can be studied by measuring the volume of
liberated oxygen and calculating the amount of decomposed hydrogen peroxide from the reaction

equation. The quantity of oxygen is calculated by the ideal gas law (R = 8.314 J/ (mol - K)).

Write reaction equation for the decomposition of hydrogen peroxide!

Draw Lewis structure of hydrogen peroxide, determine oxidation numbers of the elements and

hybridization of oxygen, and estimate bond angles!

10
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Procedure:

1.

Open the stopcock of the separating funnel and fill the funnel with water whose temperature is
equal to room temperature (it is not necessary to use distilled water).

Fill the crystallizing dish on the magnetic stirrer with the same water to half-height. Measure

water temperature in the crystallizing dish.

With volumetric pipettes transfer into the 50 mL conical flask:
10 mL of 0.25 M potassium iodide solution
15 mL of distilled water

Place the flask into the water bath. Set a uniform stirring speed and do not change it through

the entire experiment.
Record the burette reading (it is sufficient to take readings with one decimal place).

With a 5 mL pipette transfer 5 mL of the titrated hydrogen peroxide solution into the conical
flask and immediately place in the neck of the flask the rubber stopper with a gas outlet tube

for transferring the liberated oxygen into the burette. Start the stop-watch.

To keep the pressure in the burette equal to the atmospheric pressure (record the barometer
reading), slowly move down the separating funnel, so that the water level in the burette and in
the separating funnel remains at the same height. It is suggested that you hold the separating
funnel in your left hand, while recording the time with your right hand. If you are a lefthander,
change the experiment set-up correspondingly.

When the first 5 mL of gas have been collected, start recording the time necessary for the
evolution of each milliliter of oxygen. First, record the time on your draft paper, then, record it
in Table 2. Go on, until 30 mL of oxygen have been collected.

Remove the stopper from the neck of the conical flask, stop stirring, wash the conical flask and

repeat the experiment with another quantity of hydrogen peroxide.

With volumetric pipettes transfer into the 50 mL conical flask:
10 mL of 0.25 M potassium iodide solution
10 mL of distilled water

11
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Time necessary for the evolution of the indicated volume of oxygen

Country: |

Table 2

Experiment 1

Experiment 2

Experiment 3

t, °C t, °C t, °C
p, kPa p, kPa p, kPa
V(0p), mL _ Time V(0p), mL _Tlme V(0p), mL _ Time
min. S min. S min. S

12
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10.

11.

12.

13.

14.

15.

With the 10 mL pipette transfer into the conical flask 10 mL of the same hydrogen peroxide
solution and proceed as described previously. Finish the experiment, when 30 mL of oxygen
have been collected.

Put into the crystallizing dish several ice-cubes and place into it the 50 mL conical flask,
containing a magnetic stirring bar and the following solutions:

10 mL of 0.25 M potassium iodide solution

10 mL of distilled water
Let the temperature become steady for 5 minutes, stop stirring and measure the temperature in
the conical flask.

With the 10 mL pipette transfer into the conical flask 10 mL of the same hydrogen peroxide
solution and proceed as described previously. Measure the temperature in the conical flask
after the end of the experiment.

Record the atmospheric pressure. Summarize all experimental results in Table 2. Determine the

reaction order.

Hand in to the observer Table 2, the coordinates to be used for the graph, and the calculation
formula. The observer will record the time you hand in the data. In approximately one hour
you will receive three graphs in the indicated coordinates, containing a straight line and the

corresponding equation in the formy =a x + b.

From the received graphs determine the rate constants (ki, k2, and ks; measurements made
during the evolution of the first 5 mL of oxygen are not used in the calculations, but they have
to be included in Table 2) and calculate the activation energy.

Determination of the reaction order:

13
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Coordinates to be used for drawing graphs for the determination of the rate constants and explanation
of how the rate constant k; can be elucidated from the coefficients a and b:

y=ax+hb

v

Formulas for the calculation of quantities displayed in the graph (explain precisely the designations
and your reasoning for obtaining the formulas):

14
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Calculation example (put your data into the obtained formulas and indicate the units):

The determined reaction rate constants:

Calculation of the activation energy:

15




