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Task 1 Advanced procedures in organic synthesis and
product isolation

Task 2 General laboratory skills
Analysis of experimental results

Task 3 Kinetic studies using a photometer
Analysis of experimental data using computer
software
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Tuning bromination selectivity by catalysis

In this task, student will:

« Synthesize a monobrominated thiophene derivative using one of
the catalysts from the list;

* Measure the product refractive index (np);

« Compare the results obtained with literature data and decide on

the product structure and the catalysts given.
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np2° 1.5961 1.5706 1.5786 1.5795
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I@E wé T1. Set-up needed

Apparatus for filtration
and vacuum distillation
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I}{Bﬁwé T1. Statistical results

Highly qualified team — 20 experiments
Test team — 72 experiments, 2 failed
Model experiments — 12
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I}{Bﬁwé T1. Statistical results

Highly qualified team — 20 experiments
Test team — 72 experiments, 2 failed
Model experiments — 12
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I}{Bﬁwé T1. Statistical results

Highly qualified team — 20 experiments
Test team — 72 experiments, 2 failed
Model experiments — 12
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Highly qualified team — 20 experiments

Test team — 72 experiments, 2 failed

Model experiments — 12

Mistakes #2, 6, 7
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T1. Typical mistakes

# Mistakes

1 Adding of catalyst was missed

on, after distillation the st§rting
aterial was re red in small yiel

Il yield

ixture of product with starting 3-
methylthioph

betransfer o
with followed

Adding of the #arting materials witho
followed distillation without fr in

Bromo-3-methythiophene

Pure product in small yield

Lowering of yield
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Highly qualified team; Test team; Model experiments
Students: 217 products was delivered to lab assistant
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Highly qualified team; Test team; Model experiments
Students: 217 products was delivered to lab assistant
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Highly qualified team; Test team; Model experiments
Students: 217 products was delivered to lab assistant

9.8 ¢
7.8
5.8 °
o : .
S 3.8 ¢
[
[ [
1.8 °
4
PY [
-0.2 &£
1.3 1.35 1.4 1.45 1.5 1.55 1.6 1.65




LTTH

llllllllll
MMMMMMMM
MMMMMMMMMMMMMMM

I@Bwé T1. Grading pyramide 1.0

5.0

4.5

4.0

3.5

3.0

S 2.0
()
o
40 Cg: 1.5
5 1.0
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1.52 nD

Grading pyramide final parameters
m1 m2 m3_best m4 best nD1 nD2 nD3_best nD4 best
0 5 3.5 5 15236 1.6133 1.569 1.5713
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Iﬁeﬁwé T1. Statistical results — more speculations

Highly qualified team; Test team; Model experiments
Students: 217 products was delivered to lab assistant
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Bﬁué T1. Statistical results — more speculations

Highly qualified team; Test team; Model experiments
Students: 217 products was delivered to lab assistant
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I@Bﬂﬂ@ T1. Speculation zone #4
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A B C D E

A - CCl;; B — “master” color; C — slightly oxidized;
D - significantly oxidized; E — the reaction mixture was
not distilled
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Statistics for problem #1 by room

Room # 8 | 3 | 42 [ 26 | 41 3 [ 37 [ a3 25 | aa [ 27 | 2 7 [ 35 | 30 | a7 | 52 [total count
Total count 22 18] 13] 18 sl 10| 16 al 18] 32| z2[ o[ 22| 8] 18] 4] = 290
Product delivered, % 68,2 1w000] 538 722 875 oopo| ess| 1000 ee7| sa4a] 727 7o00| B8] ss8] B3z 7eE 77a 76.,6| 222
W_ skills, % 636 824 687 w44 857 sop| 76| 1000 eez| ezs] oss| &7s5| se4| ss2] ssz| 714 e52 80,3
nD skills, % g6,7| 100,0] 714| e833| 1000 =00 1000| 1000 7e@| een| se7| 857 44| s00| se7| m1gE] 722 86,1
nD+m plot, zeroes (%) | 22.7| s00[ 154 568 00 oo ool oo s8] o4 273 o0 as] 222 11 143 227 148 43
nD+m plot, average 138 82 11,1] 140 203 214 209) 211 193] 194] 158 158] 214 153 174 138 157 16,8
nD+m plot, max 06| 286 267 295 300 3o00| 256 300| 300 300 soo| 287 295 aoo| zes| 264 300 30,0

nD + m plot distribution
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Task 2

Analysis of a
chromium = vanadium solution



Test solution imitates the product of
digestion of vanadium - chromium
alloy sample
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4 PART A. R 1

Oxidation of an aliquot of the / \
test solution with ammonium - PARTB.
g persulfate P Titrimetric determln_atlop of
standalone vanadium in
‘ test solution with prior
4 PART C. )\ conversion ocfI vtanadyl to
Titrimetric determination of the total vana4 +a €
content of vanadium and chromium in k \4 /
the oxidized test solution
3+4\/4+
\ 2 (Cr +V ) /

S Chromium and vanadium to be calculated in
mg per 100 mL of the test solution.




I@Bhg T2. Equipment

e Burette, 25.00 mL

Volumetric flask, L fgg’s 'beake:"
100 mL B I L ’
_

Volumetric pipette, 10: 00 mL. - Erlenmeyer flask, 150 mL

Graduated iiieﬂe, 5.00 mL '



Iehﬂ“ﬂ T2. Preparation section
:

Oxidation of the test solution (catalyst: 0.3% AgNO; solution)
(NH,),S,0,, t°C
2Cr3* > Cry,0,°
(NH,),S,0,, t°C

voz* > VO,




Iﬁﬁﬂﬂg T2. Titration section
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Starting solution: PART B PART C

KMnO Oxidized solution (with
VO2+ 4> VO,~ ammonium persulfate in PART A):
- Fe2t, H*
. - > 2
Fe2t H* Titrant : Mohr’s salt VO, VO=*

Fe H"
Cr,0.% 2Cr3*

VO, AV/eal solution ((NH,),Fe(SO,),)
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B g T2. Statistical results
I@m B Titration 1 Variant 2
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B g T2. Statistical results
I@m B Titration 1 Variant 3
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Titration 1 Variant 3
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B g T2. Statistical results
I@m 8 Titration 1 Variant 4
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Titration 1 Variant 4

3 students

—hq distribution
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I@m B Titration 2 Variant 1
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Bhﬂ“ﬂ T2. Statistical results
I@m B Titration 2 Variant 2
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Titration 2 Variant 2
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B g T2. Statistical results
I@m B Titration 2 Variant 3
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BW T2. Statistical results
1= Titration 2 Variant 4
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T?]BFIUE] T2. Statistical results

Statistical data for experimental part of problem #2

Variant Titration #1 Titration #2 Both
W1 W2 W3 Wd Tatal W1 V2 V3 W4 Total fitrations
Count 72 73 74 71 290 T2 T3 74 71 290 290
Mon-zero 33 2B 29 o0 220 20 20 26 o4 220 256
Full mark 35 26 35 24 130 40 33 a8 32 143 80
Zero mark 19 15 15 21 70 17 18 18 17 70 R
Average (excl. 0's) 277 233 26,4 26,5 259 29,2 27,3 28,8 26,5 279 46,3
160 Experimental marks distribution
150 0 (0%:;10%]
140 W (10%:20%)]
130 0 (20%:30%)]
120 O ({30%;40%)]
110 W (40%:50%)]
100 @ (50%:60%)]
90 W (60%:;70%]
?’E O (70%:80%)]
£D W (80%:90%)]
50 W (90%;100%]
40
30
20
10
o | . .
Titration #1 Titration #2 Both titrations
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Kinetic determination of Diclofenac (DCF)

Total amount of participants — 290

Amount of memory sticks with any data (.txt, .xlIsx) saved —
220
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| kinetic part of steady state |  equilibrium part of
chemical reaction chemical reaction

signal

time

Experimental check-in of the methodology
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e

0.8
2
E
> 0.7 C,
8
o 0.6 C; | Increase of analyte
.é’ C. concentration
0.5 Cs
15 35 55 75 v
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Thermostat "
(to be set at 30 °C)

Photometer
525 nm

Cuvette with
a stir-bar

Magnetic
stirrer

. _ S

The.rn'isat allows avoiding of minor differences of room
temperature during the practical examination. Test group fixed

the maximum deviation of the temperature + 0.2 °C.
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BHB T3. Software

File Measure Window Help

’ @lf“. T E_El @l& @] agl' =] (})IE; NS} |Regulardataacquisition (regular time intervals) ;]

T 1

Yl 1: ad53 o =3 ][=

|l En olviol olx/5| ol

Absorbance
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e eloles
()] l_]l‘_hovo elx]elleﬂalfaml
h E ‘ Precisely VI Linear I T=30 H
=) =
31.44
cL | =
o8 |3
a Q. il
“ 26.6 f
25.8 v
E (o] 2 : :
m — 2 4 6 8 éos 12 14 16 18 20
I_ Q. [ 7

| 531532 | 00:000 [11:00:21 AM

E O . gy LH00AM
@ﬂl : @ ! = S 7/20/2015 |

“Chemistry-Practicum” software window
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I@B% T3. Software

Stop

Start measurements m

0 c Export of the
o a.) data to a .txt file
o . . : :
m . . Sa s s s e s s S s s e
2 E Calibrationofthe | o
= D S
o photometer
(7, e~ e L S S
a 2 D
< Q 115 O
Q - 10 15 20 25 30 3
S = [ 2
= 9 i
o= e Setting the
o © ' « temperature of the
Qo | gEm elvol olxeo

- : : thermostat
E o .HPreoser EI HLmear 3 “1
|G_J r-¥ I e S e



EM:
MMMMMMMMMMMMMMM

T3. Statistical data — Estimation of
Initial rates

0.2 mL t, (P=0.95) 0.4 mL
St. Error = 6 % St. Error = 6 %
St. Error = 10 % St. Error = 6 %
0 0.005 0.01 0 0.005 0.01 0.015
0.6 mL 0.8 mL
St. Error = 6 % St. Error = 6 %
St. Error =7 % St. Error = 6 %
0 0.005 0.01 0.015 0.02 0 0.005 0.01 0.015 0.02
Highly qualified team Test team

45 experiments

39 experiments, 1 failed
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T3. Grading of initial rates

0.2 mL

Master value

12,5 %

12,5 %

43,75 %

87,5 %

A

»
»

A

0.6 mL
Master value

7,5 %

7,5 %

43,75 %

43,75 %

A

v

\ 4

0.4 mL
Master value

7,5% | 7,5%

43,75 %

43,75 %

A

\ 4
A

0.8 mL
Master value

7,5% | 7,5%

43,75 %

43,75 %

A

\ 4
A




I@BM@ T3. Typical experimental curves
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I@Bﬁmé T3. Grading of concentration

s True value Concentration
0.91 ‘
0.92 ®
10 % 10 % L
0.93
0.94 o
[ ]
Rz 095 3%| 3%
[ |
0.96 . . e |-
o
0.97 L o o
0.98 . R o P .
® » T ° L]
0.99 ° Ve oo
™ o sale® o ° °
1 : <

The grading scheme takes into account two values re-measured by the Science Committee:
R-squared value (R?) and obtained concentration of the control solution (Conc).

«If the value obtained is within region A, 100% of 12 marks

«If the value obtained is within region B, 0.1926*Conc-154.2857 (%) of 12 marks

«If the value obtained is within region C, 400*R2-372 (%) of 12 marks

«If the value obtained is within region D, -0.1926*Conc+188.5714 (%) of 12 marks

Master value — 890.1 mg/L



I@BHLWB T3. Grading of reaction order
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Master value

2% | 2%

13,5 % 4 %




I@BHWQ T3. Statistical data
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Number of
participants

120
100
80
60
40

) I I . I
0

0 1 kin.curve 2 kin.curves 3kin.curves 4 kin.curves 5 kin.curves
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1) Photometer was not calibrated with “Setup” button

2) Linear parts of the curves were chosen incorrectly
3) Calculations

- concentration in the cuvette

- slope of the calibration line

- data for the reaction order
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Statistics for problem #3 by room
Foom # 8 36 42 26 41 3 ar 43 25 459 27 2 T 35 30 47 | 52 (Total
i Count 15 12 10 15 5 7 10 3 12 28 20 B 17 17 15 O 17 220
2 |Mon-zero 13 12 g 13 3 3 ] S EEEE EE 7 16 15 15 (] 12 190
& [Full mark 0 0 i] 0 0 0 i] 0 0 0 0 0 i] 0 0 0 i] 0
é Zerno mark 2 [1] 1 2 1] 1 2 [1] 1] 5 T 1 1 2 ] 1 5 30
Average (excl. O=) | 17,60| 11,68 840 641| 5.20| 11,95) 1066| 333| 15,35| 1405 6,03| 16,30] 14,17] 11,19 10,13| 6,58 924 11,30
B Count 15 12 10 15 5 7 10 3 12 28 20 B 17 17 15 O 17 220
= |[Non-zemo 10 T 4 3 1 5 & 1 g 18 4 4 g 10 g 2 5 104
8 [Full mark 0 0 0 1] 0 1 1 0 0 0 0 0 0 1] 0 0 ] 2
%5 |Zero mark 3 g E 12 4 2 4 2 4 10 16 4 g 7 7 7 12 116
O [Average (excl. 0s) | 4,34| 453 2,00 200 200 560 500] 200 352 308 321 601 2,75 2600 4,25 2,00 2,00 3,54
Count 15 12 10 15 5 7 10 3 12 28 20 8 17 17 15 Eil 17 220
~ |Mon-z=ro 5 5 ] [1] ] 1 2 L] 2 5 2 5 1 1 2 {Il| 5 36
'E- Full mark ] 1 ] 1] ] 1] 0 L] ] 0 ] L] ] 1] 1 {Il| 0 2
2 [Zero mark 10 T 10 15 5 G & 3 10 23 18 3 16 168 13 O 12 184
Average (excl. 0's) | 504] 522 400 240 g916] 471 7.72] 520 400 4000 7.00 3,82 5,12
Marks distributions
a0 0@ (09%:;10%]
BD 1 B[ 10%:;20%]
70 0O (20%:;20%)]
01 (30%:40%]
60 W (40%;50%)]
50 O (50%:80%)]
40 4+ B (0% T0%]
30 +— O (7 0% 80%)]
20 4 W (20%:90%)]
M (50%:100%)
10 4—
0 : | . I [ ) i
DCF curves DCF control order
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Iﬁﬁ% Total practical skills success rate.
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