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General instructions

1 This practical booklet contair8s pages.
diio 3 Bo gyl sV A0S O gSi )|

1 Before the start of theracticalexam,theReadcommand is given. &u will have 15 minutes
to read the exam booklefou may onlyread during this time; d not write nor use the calculator.
270 LSV 83 Belyd) Jadd ddds 1 Beb) Gy Blanddl Ologhaall 3] (ot jlisVb sl S8
) L) YN JoxiaadVg iS5 Y dpa 9l 1 (§ Byl el roned o
1 You may begin working as soon as 8t&rt command is givenyou will then have5 hours
to complete the exam.

SV elgY Ololu puas by sl ByLal Jasd s> Tusy T

1 You may work on theéasks in any order, bstarting with problem P1 is advised
J9V duyomid) Aol sudl il o8I Ly b el iy
1 All results and answers must be clearly writiiepen in their respective designed areasn

the exam papers. Answers written adesthe answer boxes will not be graded.
LS 1 guoesal of oandiS 0 Y s Y Ay e pasaseall O § eIL zbly JSiw bl HUS cow T
sl O8I pe ‘3

1 If you need scratch paper, use the backside of the exam sheets. Remembeththgt
outside the designed areas will be graded
ok Y pasaseadl O s Dl (51 OF HSU5 ST A3y 8l ks Jlaasuw! ehads Baguun Bl Zlizxd CuS 13 q
1 The official English version of the exam booklet is available upon request and serves for
clarification only.

gl Jadd Joatiudg Jadd §y9 gio oSSV dseudd! q
1 If you need to leave the laboratory (to use the restroom or have a drink or snack), raise the
appropriate card. A lab assistant will come to accompany you.

e Baggell druliadl dBlUadl ady) ¢ VoSl (s JST of ol of plasel) pseall Byolie B yi caS13) 1

Josl Jglb

1 Shelves above the benches are not to be used during the task for the purpose of equality.
ozl o Blglunadd g g oseadl Joadl Aglb (398 cholol B39 g0l B9l Jariud Y 1

1 You mustfollow the safety rulesgiven in the IChO regulations. If you break the safety rules,

you will receive only one warning from the lab assistant. Any safety rule violation after the first
warning will result in your dismissal from the laboratory and ttullification of your practical
examination.
O g HldS] cillas] s eiw Ol uelgd @y @513 ¢ IChO  uslgd 339 Ol uslgd oLl Com ]

ol dodle Jilacly pseall (o Holagiul @iaund 13T 33 ST ¢ (G5l B el
1 Chemicals and labware, unless otherwistéced, will be refilled or replaced without penalty
only for the first incident. Each further incident will result in the deduction of 1 point from your 40
practical exam points.
Lgie 1 Dgdug Bl Byaly L3 § o Sid 09S0 @lle lirlriily AudleasSIl Sgall g ds Bale] Sy T

dodle 4 Q}ﬁiw@SQMSG»UM"JbSJldbég

1 The labsupervisowill announce a 30 minutes warning before 8tep command.
STOP & slasly Ol £lgid] (o 4885 3 Qld dudl 8yLia| Janiuw 1
i You must stop your work immediately when S®p command is announced. Failure to stop

working or writing by one minute or longer will lead to nullificatiohyour practical exam.

dodle 2jlac) aims AST 9l Buslg ddd jolowin Y by ()5 T« STOP )L sllac) wic Tysd (ad gl o 1
siual

i After the Stop command has been givethe lab supervisomwill come to sign your answer

sheet.
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1 After both thesupervisorand you sign, place this axabooklet in the envelope and submit it
for grading together with your product atiah-layer chromatographyTfC) plates.
aad )l dadall ZSlaseg GMAJ\&AML»guzb.d\M&b}’\ﬂé@écdﬂbd@\dﬁw&éﬂlm il
TLC

Lab rules and safety

1 You must wear a lab coat and keep it buttoned up. Footwear must completely cover the foot
and the heel.

1 Always wear safety glasses or prescription glasses when working in the lab. Do not wear
contact lenses.

1 Do not eat or drink in the lab. Chewing gums areatfiotved.

1 Work only in the designated area. Keep your work area and the common work areas tidy.

i No unauthorized experiments are allowBld modification of the experiments is allowed.

1 Do not pipette with your mouth. Always use a pipette fitlelb.

1 Cleanup spills and broken glassware immediately from both the bench and the floor.

1 All waste must be properly discarded to prevent contamination or iMéatter solutions are
eligible for sink disposalOrganicwaste must be disposed oftive marked capped cwainer.

51st IChO — Practical Exam 3
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Physical constants and equations
In these tasks, we assume the activities of all aqueous species to be well approximated by their
respective concentration in miol'. To further simplify formulae and expressions, the standard

concentratiore® = 1 molL'?! is omitted.

Avogadro's constant:
Universal gas constant:
Standard pressure:
Atmospheric pressure:
Zero of the Celsius scale:
Faraday constant:

Watt:

Kilowatt hour:

Planck constant:

Speed of light in vacuum:
Elementary charge:
Electrical power:

Power efficiency:
PlanckEinstein relation:
Ideal gas equation:
Gibbs free energy:

Reaction quotiend for a reaction
aA(aq) + bB(ag)= c C(aq)+ d D(aq):

Henderson Hasselbalch equation:

Nernst Peterson equation:

whereQ is the reaction quotient of tr
reduction hakreaction
Beeil Lambert law:

Rate laws in integrated form:

- Zero order:

- First order:

- Second order:

Half-life for a first order process:

Number average molar malgh:
Mass average molar mask:

Polydispersity indep:

The unit of molar concentrationési t her
I1mM=10°molL?

1M=1molL?

51st IChO — Practical Exam

Na = 6.02280°* mol !
R =8.314 J motK'?!
p° =1 bar =10Pa
Pam= 1 atm=1.013bar=1.01340° Pa
273.15 K
F =9.64940* C mol*?
1wW=1Js!?
1kWh = 3.640° J
h=6.62600%Js
c=2.99A 0P ms?
e=1.60240%®C
P = qExI
Ci= Pobtaineefpapplied
E = hde
pV=nRT
G=HIi TS
pG° =1 RTInK®
PG° =1 n FEcer®
@G = PG° + RTINQ

cepd
AaBb

I
p H P#a+pl[[—!'e(g

RT, =
E=E° =1 n
zF

0

atT = 298K, R?TI n4&o6 90
A=U1 ¢

[A] =[Aloi kt
IN[A] =In[A]oT kt
1/[A] = 1/[A]o + kt

t, ;31 nk2 /
Bel el ¢
Beb g
Bel e &
I, = M,
p~— Mn

Note
AM@® or @Amol L
1uM=10°molL?
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Periodic table

1 18
1 2
H 2 13 14 15 16 17 | He
1.008 4.003
3 4 5 6 7 8 9 10
Li | Be B C N O F | Ne
6.94 9.01 10.81 12.01 14.01 16.00 19.00 20.18
11 12 13 14 15 16 17 18
Na |Mg | 3 4 5 6 7 8 9 100 11 12 | Al | Si P S | Cl | Ar
22.99 24.31 26.98 28.09 30.97 32.06 | 35.45 | 39.95

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

39.10 | 40.08 | 44.96 | 47.87 | 50.94 | 52.00 | 54.94 | 55.85 | 58.93 | 58.69 | 63.55 | 65.38 | 69.72 | 72.63 | 74.92 | 78.97 | 79.90 | 83.80

37 38 39 40 41 42 43 44 45 46 a7 48 49 50 51 52 53 54
Rb|Sr|Y|Zr Nb/Mo|Tc |Ru|Rh|Pd|Ag|Cd|In |Sn |Sb|Te| | | Xe
85.47 | 87.62 |88.91 | 91.22 | 9291 | 95.95 - 101.1 | 102.9 106.4 | 107.9 112.4 | 114.8 118.7 121.8 127.6 | 126.9 | 131.3

55 56 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs|Baps7n| Hf | Ta| W [Re|Os | Ir | Pt |Au|Hg | Tl |Pb| Bi | Po| At | Rn
132.9 137.3 178.5 | 180.9 183.8 | 186.2 190.2 | 192.2 195.1 197.0 | 200.6 | 204.4 | 207.2 | 209.0 - - -

87 88 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118

Fr |Ra |l | Rf | Db |Sg|Bh|Hs|Mt|Ds|Rg|Cn|Nh|Fl |Mc|Lv|Ts|Og

57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
La|Ce | Pr|Nd|Pm|Sm|Eu|Gd|Th | Dy |Ho | Er |Tm|Yb | Lu
138.9 | 140.1 | 140.9 | 144.2 - 150.4 | 152.0 | 157.3 158.9 | 162.5 | 1649 | 167.3 | 168.9 | 173.0 | 175.0

89 90 91 92 93 94 95 96 97 98 99 100 101 102 103

Ac [Th|Pa| U |[Np|Pu|Am|Cm| Bk | Cf | Es|Fm|Md|No | Lr

232.0 | 231.0 | 238.0
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Definition of GHS statements

The GHS hazard statements-fHrases) associated with the materials used are indicated in the
problems. Their meanings are as follows.

Physical hazards

H225 Highly flammable liquid and vapor.

H226 Flammabldiquid and vapor.

H228 Flammable solid.

H271 May cause fire or explosion; strong oxidizer.
H272 May intensify fire; oxidizer.

H290 May be corrosive to metals.

Health hazards

H301 Toxic if swallowed.

H302 Harmful if swallowed.

H304 May be fatal iswallowed and enters airways.

H311 Toxic in contact with skin.

H312 Harmful in contact with skin.

H314 Causes severe skin burns and eye damage.

H315 Causes skin irritation.

H317 May cause an allergic skin reaction.

H318 Causes serious eye damage.

H319 Causs serious eye irritation.

H331 Toxic if inhaled.

H332 Harmful if inhaled.

H333 May be harmful if inhaled.

H334 May cause allergy or asthma symptoms or breathing difficulties if inhaled.
H335 May cause respiratory irritation.

H336 May cause drowsiness arziness.

H351 Suspected of causing cancer.

H361 Suspected of damaging fertility or the unborn child.

H371 May cause damage to organs.

H372 Causes damage to organs through prolonged or repeated exposure.
H373 May cause damage to organs thropigiionged or repeated exposure.

Environmental hazards

H400 Very toxic to aquatic life.

H402 Harmful to aquatic life.

H410 Very toxic to aquatic life with lonasting effects.
H411 Toxic to aquatic life with lon¢asting effects.
H412 Harmful to aquaticfe with longlasting effects.

51st IChO — Practical Exam 6



For all problems

Chemicals
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Chemicals

Labeled as

GHS hazard statements

Deionized water in:

- Wash bottle (bench)

- Plastic bottle (bench)
- Plastic canister (hood)

DeionizedWater

Not hazardous

Ethanol, in a wash bottle Ethanol H225, H319
Sample ofwhlte wine, 300 mL in Wine sample H225, H319
amber plastic bottle
For problem P1
Chemicals Labeled as GHS hazard statements

4-nitrobenzaldehyde, 1.51 g in
amber glass vial

4-nitrobenzaldehyde

H317, H319

H225, H290, H304, H314,

TLC

Eluent A, 20 mL inglass vial Eluent A H319. H336, H410

. . H225, H290, H304, H314,
Eluent B, 20 mL in glass vial Eluent B H319. H336, H410
Oxoné (potassium
peroxomonosulfate salt), 7.87 g ir Oxone® H314
plastic bottle
Sample of 4nitrobenzaldehyde for TLC standard H317 H319

For problem P2

Chemicals

Labeled as

GHS hazard statements

1 M potassium thiocyanate
solution, 20 mL in plastic bottle

KSCN 1M

H302+H312+H332, H412

0.00200 M potassium thiocyanate
solution, 60 mL in plastic bottle

KSCN 0.00200 M

Not hazardous

1 M perchloric acid solution, 10
mL in plastic bottle

HCIO 4

H290, H315, H319

0.00200 M iron(ll) solution80
mL in plastic bottle

Fe(l1) 0.00200 M

Not hazardous

0.000200 M iron(ll) solution80
mL in plastic bottle

Fe(l1) 0.000200 M

Not hazardous

0.3% tydrogen peroxide solution,
mL in amber glasbottle

H202

Not hazardous

51st IChO — Practical Exam




For problem P3
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Chemicals Labeled as GHS hazard statements
0.01 M iodine solution, 200 mL in
I2 H372
amber glass bottle
0.03 M sodium thiosulfate solution,
200 mL in plastic bottle N8z520s Not hazardous
1 M NaOH solutionp5 mL in plastic NaOH H290, H314
bottle
2.5 M sulfuric acid solutior0 mL in H,SOx H290, H315, H319
plastic bottle
0.5 M potassium iodide solution,
25mL in plastic bottle Kl H372
Potassium iodatesa 100 mg (exact
mass written on the label), in glass v KIOs H272, H315, H319, H335
Starch solution, 25 mL in plastic bott Starch Not hazardous

51st IChO — Practical Exam




Equipment
For all problems
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Personal equipment Quantity
Pipette filler bulb 1
Safety goggles 1
1L plastic bottle for organic wastbelediOrganic 1
wasted
Paper towels 15 sheets
Precision wipers 30 sheets
Spatula (large) 1
Spatula (small) 1
Stopwatch 1
Pencil 1
Eraser 1
Black pen 1
Felt-tip pen for glassware 1
Ruler 1
Sharedequipment Quantity
UV lamp for TLCvisualization 2 per lab
Colorimeter 5 per lab
All sizes (S, M, L, XL) available
Gloves :
upon request to a lab assistant
Ice bucket 1 per lab
For problem P1
Personal equipment Quantity

Laboratory stand with:
- Clamp holder with small clamp
- Clamp holder with large clamp

Erlenmeyer flask with ground joint, 100 mL

Erlenmeyer flask with ground joint, 50 mL

Reflux condenser

Hotplate stirrer

Crystallizing dish

Magnetic stirring bar

Suction flask

Bichner funnelith rubber adapter

Zipped bag with Pieces ofilter paper

Petri dish

TLC elution chambe | a BleClelatidn chambero

Zipped bag witl8 TLC plates(with fluorescence
indicator) labeled with Student Code

TLC graduated spottefs the Petri dish)

Plastic tweezers

Glass rod

Graduated cylinder, 25 mL

Beaker, 150 mL

Plasticpowderfunnel

Disposable plastic pipette

N(RINRRIRIA P (RRPRIRRPRIRRRIRPRRPRIR RPN R
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Amber glass vial, for TLC sample, 1.5 mL, with

stopperlabeledC andR

Preweighed anber glass vial, 10 mL, with stopper,

labeledwith Student Code

Magnetic stirring bar retriever

For problem P2

Personal equipment

Quantity

Volumetric pipette, 10 mL

Graduated pipette, 10 mL

Graduated pipette, 5 mL

Testtube stand

Test tube

Test tube stopper

Colorimetercuvette, path length 1.0 cm

Beaker, 100 mL

Disposable plastic pipette

= =
GININN G P w|w(e

For problem P3

Personal equipment

Quantity

Laboratory stand with burette clamp

1

Burette, 25 mL

Glasstransfer funnel

Erlenmeyer flask, 100 mL

Erlenmeyer flask, 250 mL

Beaker, 150 mL

Beaker, 100 mL

Volumetric flask, 100 mL, with stopper

Volumetric pipette, 50 mL

Volumetric pipette, 25 mL

Volumetric pipette, 20 mL

Graduated cylinder, 25 mL

Graduated cylinder, 10 mL

Graduated cylinder, 5 mL

N I I I IR

Disposable plastic pipette

3

Parafilm

20 sheets

51st IChO — Practical Exam
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Problem | Question Yield Purity TLC P1.1 P1.2 Total
P1 :
13% of Points 12 12 8 2 3 37
total Score

): (

Problem P1. Greening the oxidation of nitrobenzaldehyde

‘Oxone®

For the last decades, chemists have tried to replace harmful reagents in oxidation processes ieduder to

hazardous wasteeatmentin this problem, potassiuperoxomonosulfatbas been chosers oxidizing agent,

because it only produces ntoxic and norpolluting sulfate saltdt is provided here as Oxohe

Furthermore, the reaction itself is performed in a mixture of water has@t which are classified as green
solvents.

TLC 6 0 4
¥LC
® b Y

Your task is to perform the oxidation of 4nitrobenzaldehyde, to recrystallize the product, tacompare
TLC eluents and to check the purity of the product using TLC.

Note: Ethanol waste and eluentmustbel i s posed of in the AOrganic wast
tdendl Olglas-
BNV 9 76-4 BuwST |
® 5mL 20mL___ .1
® 100 2
® A o} M 151g .3

47.87¢ Oxoné .

Wp KF e HAF ple(®A | tDHF AT XF) Wp Y xHBIOF dbitbMmOF A2Y .4
. FBIKF pobYb c¢c Bl HELPS> B IOF
XTFEmb paF > HIOF. wSHKUpE O p 210 Hlp pylr xfF X bbb Wp b mHh.5Wp AL
. pbpBIOF pTAUYbHIOF nilOw
c AXIOF aAB 6T CBJ Y- 3/ KFp sdid HFCHIONEF b &5 H>CTH RAPTOLYFBIYHIEGY S b il /3!
. WT T F IYOoWpXEpEbLEp B HOF v
pMIOF AYI IOF _FKmm QT2 bl WEp v AxE¥ > M3 AIA i 4 #30 EHTH DYHBRF
AYI IOF _ FKmM bthmbh PT DB LWT p HELP puplFbABp v KIfbhal2p ¥ c A i & 3.
. _ F~mnOFB MWicHKIwOF
. px3 M Me U cT_ X é@tOF dutp D .8 BN MM F
dHp b LUy F n AK)QOspAAOREELEFE WOBpFEOF o T 1 pbIOF A THKIHBK A M
.20mL c KOF mc 3
Wp T M wTupYyl B4 b1 Y [FFRFbeipEP Yhc @RS Wp 8 KO M BF p KOFU pbOsI> 4 B
M CtAm FupkyBOMOF we A B F T € wx TWHHNGIpHHRAN 6 b F X HC
50mL amM Opid@w cYIbs HF M4
WK T K, LiBH® bvgf20e V2T pHEVEINMAY D fKmasbib_ M " wyT MY JTIOF A b1 Y Y IOF M2 wx T X |
. bMXFbTWF Y9uYT B JHA>3F

51st IChO — Practical Exam 11
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Procedure

l. Oxidation of 4-nitrobenzaldehyde

1. Mix 20 mL of water and 5 mL of ethanol.
2. Insert the magnetic bar in thEO0 mLground-joint Erlenmeyer flask.

3. Transfer the preweighedl1.51 g of 4nitrobenzaldehyde into the Erlenmeyer flagkid all
of the water/ethanol mixture prepared previougiamp the Erlenmeyer flask to the starfstart
gtir ring the mixture, themmadd the preweighed7.87 g of Oxon@,

4. Attach the reflux condenseryldoosening the large clamp andw@sting the ground joints (see
Figure 1).Raiseyour HELP cardA lab assistaniill cometo turn on the wateaind set the hotplate.

5. Heat the reaction mixture with gentle reflux¢a 1 drop refluxing per second) for 45 minutes
The mark on the heater corresponds to the necessary power to get a gentle reflux.

A
o=t 2 large clamp
== small clamp
()
‘F [t

Figure 1. Setup for heating the reaction mixture under reflux
. pbbpBIOF MYPHROHHWOF CEKTOR @& FEHFIHEE c 3T pt bOF CT1J

6. Thenturn off the heating on the hotplate stirr&emovethe hot plate ahlet the reaction
mixture cool down for 10 minuteBlaceit afterwardsn the crystallizing dish filled with an ieerater
mixture.Let it stand for anothel0 minutes.

51st IChO — Practical Exam 12
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7. Set upa vacuum filtration apparatus (see Figure 2) using a Bichner funnel, a filter paper and
a suction flask, thasisecured to the laboratory stand with a small claR@seyour HELP cardA
lab assistanwill come and show howo connect the suction flas& the vacuum source.

-«——— Bichner funnel
-------- <— Filter paper

-<«——— Rubber adapter

Small clamp

\ Vacuum

Figure 2. Setup for the vacuum filtration
_bI3KOF dcbh o712 bBIOWES3TPpT HIOF CT Nt bHIOF

8. Wet the filter paper with water arghsurethat it covers all the holexf the Blichner funnel

9. Pour the suspension of the crude prodmtd the Bichner funnel arapply vacuum.Wash
the solidthoroughly with deionized water (at least2® mL).

10. Let air suck through the precipitate for 5 minutes to-gme the productDisconnectthe
vacuum sourcdJsethe small spatula to transfer one tip of spatula of the prodtioe in5 mL amber
glass viallabeled C. Closethevial andsaveit for part Ill.

11. Transfer all of the remaining solid into the 50 ngroundjoint Erlenmeyer flask.

12. Discard the fitrate inh e A Or gani ¢ weashtbahdthe Bustiort flask and thel
Bichner funnel with ethanol and watelset he A Or gani ¢ wasteo bottl e

bwmxp2bmiwlAe o ®mB IOF1 a8

0B wW?IDHFxB 5amB B TI6F SF YD D Iop O Yipm IUNFEMOF  a r.3 IOF 6
1 Kb Hep/Df HpsprAYHBRFTH NEMGVE Fpt HECrT KO b AL, X BRbvTd B 6108

51st IChO — Practical Exam 13
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Wp T MtpkDA 9 B8. U A HlOF .10 bl MERhuMhesE 1O hFFmAS IO 6 bF XIOF pwm4aA
R M15mL wAHBOF 9FM wBbfr MNIOF wt Tt F TuPHERA pwTOREYPIOFE  CF T
Al Ct AW fupkd x Y HOF
WK T RAYEHBIERD a2 TR v X Lk 1 KOToRiE FEiEsipD .4

FB XANTI pp 38 HEUWRF HEFM B YT MPYWIBOF. LU YuYHBF'SOFW X T

. PX bs OF
Il. Recrystallization of the product
1. Mix 9 mL of water and 2inL of ethanol.
2. Perform the recrystallization othe crude product contained in the 50 mitoundjoint

Erlenmeyer flask witlthe appropriate amount of thagater/ethanol mixture, using tlsamesetupas
for the reflux heatingsee Figure 1)Raiseyour HELP cardA lab assistanwill cometo turn on the
waterand set the hotplat&dd the solvent by the top of the condenser, if needed.

3. Once the product has crystallizegethe same procedure as described previously (1.7 to 1.10)
to collectthe sdid. Usethe small spatula to transfer one tip of spatula ofebeystallizedproduct in
the1.5mL amber glass vialabeledR. Closethevial andsaveit for part Ill.

4, Transfer the purified solid in th@re-weighedvial labeled with your Student Codglosethe
vial.

5. Discardt he f i |l tr at e i0lbottle amdeaisgyQur lEAMdard. Aabassistant
will cometo turn off the wateof the condenser

TLC Bl

n b c .potpXAAPrCIAOA Y HT@EBKRpRFPWO.5cm bpF 1T FB3 Pp T OB Wp T
. WptcOF agBY PptTHF UT

S .73 FIL® CBpWfmwm)he wWBbF K wt#AF T Upkm wEClh cprp.2pm Kk BN
WX T XY IOF ) @ bpdersieBpiehr PHENSHAYX Bt ipstay WUHQTLC | IOF  wlip ™
. 9F XwpAMRIMAOMM c XF X Y KL acBtOFME® n 0w bmxphpRT wHER aAB Y

_ M(gHEERYRBF1cmp X K)  wT Fp 3KQFF thp adpld IbBLEH BF .3
oY MB (Mikb pFveAEd RMI(g F18 HIE (g e@EIBD)h 2 b F. P 5 MOFOF Yl F X T J1 tOF -
a hbF UWbDbF _ wc 1Y HWOCFK a.81 HOpkBKOROFC supr MAHTHGF 3 ulpy BvTROFSDEE
UTIF XULF I WXFNAbbHbF 2 Buja 1 MAKBR TIEHK W2 bMBHEDF ) d FiixdTBJT
. KpMIOF FMn?3 whb

ATER UWT Mp OB MKPABF WET TOF c c AMBEbB IOFL8 WXF b hbF =
adl bfrB/bbHF D UTMBKF Ppc ppcwm uwlcm ¥XHIORM cH o D
FMntOF ¢cT PTtTh wecrT

51st IChO — Practical Exam 14
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JFtp afdd4’d wxr NbhbeEVim KOFWHEEIHEC UBIEF A n AKS pmT ™
. Wt €pB IO

M43 I0F

tOF 1"

" .6

B PpF TIOF W;j3NX560F FiwvAs/ME HF 2
. MIOF AIOF CBp WNB XAFIAI b

F B TLE NBUGMAHHHEAAS B aFphyOl EFpHaiM ba/FinYibisT . (Lt Gk dpddseir B HEWIAT Ach 6 G
. AA>BKOF UTMHEHhH pptT A4 . WT|

. WTOFbHIOF _ FTI uF MBt? p3>8IOF
_MbpvwABFUWmMmEAKB IQOF M6 Ig fOk M+ W HOF A
. MIOF AIOF CB P bB cBr MmObOBNEL bBFLF BT

Ill.  TLC analysis
1- Prepare the elution chamber. Load the elution chamber with ca 0.5 cm in height
of eluent A. Cover it with a Petri dish. Wait for the eluent to saturate the
atmosphere in the elution chamber.

2- Prepare your samples. You are provided a sample of 4-nitrobenzaldehyde in an
amber glass vial labeled TLC standard (referred as S on the TLC). You have
also kept a small sample of your crude product (vial C) and your recrystallized
product (vial R) in two other amber glass vials. Add ca 1 mL of ethanol in each
of the vials in order to dissolve the samples.

3- Prepare your TLC plate. Use a pencil tdraw carefullythe start line (1 cm above the bottom
of the plate)andmark the positions in order to spot the 3 samplexbel themS (Starting
material),C (Crude product) anR (Recrystallized product), as describedrigure 3.0n the

top left of the platewrite your Student Code On the top right of the plateyrite the eluent
you use (firstEluent A, thenEluent B). Spotthe three samples on the plate, using capillary
spottes.

Student Code Eluent A / Eluent B
N

lcm¢ s C R

Figure 3. TLC plate preparation
51st IChO — Practical Exam 15
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4Perform the TLC analysis. Using tweezerdnsert the TLC plate ito the elution chamber and
coverit with the Petri dishLet the eluenteach approximagly 1 cm below the top of the plate. Using
tweezersremovetheplate mark the eluent front wita pencil and let the plate agry.

5 Visualizethe TLC plate. Placethe TLC plate under the UV lamp kept on the common bench.
With a pencil circle all the visible spots.

6. Discard the eluent into the fiOrganic waste

7. Repeatstepsl, 3, 4, 5, and @ith eluent B.

8. Placeyour plates in the zipped bag with your Student Code.
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Results of your TLC analysisdmpletethe schemes with your result¥)ou may use these drawings
to make a scheme of your TLC plates that imalp you answer the following questions. The scheme
will not be graded.

Eluent A Eluent B
b em e |-====- j---4 }--- pommme- === $---1
S C R S C R

At the end of the examination, your lab supervisor will pick up the following items:
- Glass vialabeled with youiStudent Codecontainingyour recrystallized produgct
- TLC plates A ad B in zipped badabeledwith your Student Code

Submitted items
Recrystallized product
TLC plate A

TLC plate B

— — —

Signatures

Student Lab Supervisor
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Questions

1- Proposea structure for th&nal organic productrom the reaction of 4itrobenzaldehyde and
Oxoné.

Ooxoné® AMHBbMUF MAeb PR X JOX DK 2 m pH R IOF

2- Based on your results on the TLC analyaisswerthe following questions.

Which eluent ietter to follow the reaction progress?
wT KOF b KOF_ 'I;u_.;f.‘b'FJzﬁl,ﬂ:crmu,x 2 5
bKFYbWF p17ThH UZ3HbbK bYT

~

| B

—
>

1 The crude product (C) contains traces ofitlobenzaldehyde.
. b T K b KApERMICK Jamp HF- 6 bxB
I True I False

1 The recrystallized product (R) contains traces-oftdbbenzaldehyde.

- b Tk b FERBIRK Jimip A D PR /18 HOF

I True I False
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Problem | Question | Calibration deter'r:fiﬂation P21 | P2.2 | P23 i‘zgmf’n”;ﬁgz P2.4 | P25 | Total
P2
14% of Points 10 6 3 4 3 9 3 2 40
total Score
Problem P2. The iron age of wine
aron(lo A 1510 )
® iron(lll) v
o
iron(llN v
(0} @BCNO

Wiy (A guall dAdldanll Jlaiwl @S Jaxedl (ol dudl e U wdsell #4535 wodsd (B Doyl 0dn
M dodoelg bl gl W] (5 Ao gaSiud!

Iron is an elementhich can naturally be fourid wine. When its concentration exceeds 10 to 15 mg per liter,
iron(I1) oxidation into iron(lll) may lead to quality loss, through the formation of precipittitestherefore
necessary to assess the iron content of the gtinieg its production

Given the very low concentration wbn species, a colored complex of iron(lll) with thiocyanate S@da
ligandis usedo quantify the iron amount, througpectrophotometric measurements.

Your task is to determine the total iron concentration of the white wine provided, using
spectrophotometry, and todetermine the stoichiometry of the thiocyanate iron(lll) complex.
WARNING

1

1
P HELPO 1

15
P 15
1
® T

1 In this task, you are provided with two iron(lll) solutions and two potasshiotyanate
solutions of different concentrations. Be very careful not to confuse them.
1 Once the solutions are ready for spectrophotometric measurements, record the absorbance no
later tharone hourafter theaddition of thiocyanate
1 When you need a colaneter, raise your HELP cardA lab assistant willgive you a

colorimeterlabeled You will havetheexclusive use of this colorimeter fop to15 minutes. The lab
assistant will take it back as soon as yw@vefinished orwhenthe 15 minutesare over If no
colorimeter is available at the precise moment, you will be added to a wlating

i Instructions for the colorimeter are presentedhe following page

i You can call for the colorimet@enly three timedor this problem
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Instructions for the use of the colorimeter

Absorbance/transmittancemod wT MM Y x IOF /

Display

) Orientation scheme
Wavelength selection

wt mB IOF B

Selection wheel

Cuvette tank

OK button
1
®  Absorbance 1
@KL Absorptiond o]
@OKO 470nmo 0 1
0 blank solutio® 1 )
0
@OKO Absorptiond 0 1
@KL Calibrationd 0
®0.00 0.0 o 1
® ® q
1
1 Plug in the colorimeter.
1 Check t hbanc® AADsbrghlighted. I f not , turn t
appearsaround Absor ptiono and then press the OK butt
1 Turn the selection wheel until a dashed line appears around the desired wavelength)(470
Press the OK button.
1 Place the cuvette witta 3 cmin heightof the blank solution in the tank. Be careful to choose

the correct orientation (look at tlheientationscheme on the colorimetehe beam is in the direction
of the yellow arrow see figure beloyy and to push the cuvette downtil the final positionClose
the lid.

1 Turn the selection wheel wunmtiordo andasihead Ipi
OK button. Using the selection wheel, highlig
1 Wait until the displayeads0.00(or 0.00).

1 Place the cuvette witta 3 cm in heighof theanalyzed solution in the tan&€lose the lid.

1 Read the absorbance value.
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Cuvette

Cuve tank —- ‘ : Orientation

scheme

Determination of the iron content in the wine

! § ! (S gicee s

Sllkagsd Jlxag (0.000200 M 3541 93 I3 wusdll SbiunS Jolme pidind Bgaw 5l a3
(1 M) 18501 93 p gaanGigd!

In this part, you will need the 0.0@200 Miron(lll) solution and the 1 M potassium thiocyanate solution.

Procedure

1. Prepare 6 tubes by addingo each tube the gairedvolumes of theprovidedsolutions, as

described in the table below.

(0]

: Joad! iyl

Tube # 1 2 3 4 5

0.000200 Miiron(l) 4 oy | 20mL | 40mL | 60mL

solution
1 Mperchloricacid | 4 o | 30m | zomL | zomL | zomL | 1.omL
solution
Wine 10,0 mL | 10.0 mL

Hydrogen peroxide
solution

0.5mL 0.5mL

Deionized water 9.5 mL 8.5mL 6.5 mL 45 mL

1.0 mL

2. Stopperthe tubes andomogenize

3. Add 1.0 mL of 1 M potassium thiocyanate solution in tubge2 3, 4 and5. Do not add in

tube6. Stopperandhomogenize
® 1 2_ 3_4_&MO

- - -

0}
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4. When all the tubes are readgise your HELP card to get colorimetefrom a lab assistant
HELPO

(0

5. Prepare the colorimeter using the procedure described previously (seelpag8et the

wavelength at 470 nnusedeionized water for the blank.

6. Record the absorbance of each tufdeto 6) at this wavelengthReport the results in the

®

0

@70 nmo

()

following table.Raiseyour HELP card to return the colorimeter.

HELPO 0

ARE_1

e.&ﬁﬁ.wl

Tube #

Absorbance (at 470 nm)

Analytical concentration
of Fe** in the tube
c(Fe") [ uM

16

32

64

96

Colorimeter code

51st IChO — Practical Exam
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Questions

1. Plot the absorbancaA of tubesl to 4 as a function of the analytical concentration otf*Fe
the tube.
) 4 1

0.8

0.7

0.6

0.5

0.4

0.1

o(Fed+)/nM

0

0 10 20 30 40 50 60 70 80 90 100 110

1 Inthe following,checkthe boxes of the data you will consider for your calibration curve.

Tube # 1 2 3 4

Absorbance valuassed
for the calibration curve

2. Using the previous plot arithe datayou have chosemraw the calibration straight line on
the previous plotietermine the analytical concentration (in pmolY. of F€* in tubes.

qmol L 10 5

c(Fe*)ruse 5 = umol L 2

If you could not calculate E€*"), the value dfe**) = 50 umol L% can be used in the rest of the
problem.

c(F€") = 50 pumol L0 ) Fe*0 0
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3. Calculate the mass concentration, in mg per liter, of iron ingtugliedwhite wine.
A
Cm(iron) = mgL?!

51st IChO — Practical Exam
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Il. Determination of the complex stoichiometry

MM aMmTIdppFvmFRBER0 M) CT bp b OF A M Bap¥dbs FOR pp hHhphhH O m B
(0.00200M) CT bp bIOF
In this part, you will needhe 0.00200 M iron(lll) solution and the 0.00200M potassium thiocyanate
solution.

Procedure:

ao ) [Fex(SCN),] G2 b+ 0
@ &b
In part | of this problem, we use the color of the iron{tHipcyanate complex to determithe
concentration of iron in the sample of wirart 1l of this problemaims at investigating the
stachiomety of the [Fe(SCN)] G2 ®* complex(coordnation of water is not showmvherea andb
are integers no greater than

Y
@.00200 My 80mL 1
@.00200 M 80mL 1
0 0
® 0 0

You are provided with the following aqueoudusimns for this part:

1 0.00200 Miron(lIl) solution (alreay acidified)(80 mL)

1 0.00200 M potassium thiocyanate solut{80 mL)

You also have test tubes (with stoppéhst you can wash and {rygraduated pipettes, a
spectrophotometer cuvette, a coloriere(upon request), and any other labware on your bench that
you think useful.

1. Fill the first tireelines ofthe following table with volume values that will allow you to determine
the stoichiometry of the complex, by spectrophotometric measurerventsb n 6t have t o
the columns Calculate the molar fraction of iron(lll) in each tube, using the following formula.

P P

Tube # 7 8 9 10 11 12 13 14 15

Volume of 0.0020M
iron(l11) solution Ve / mL

Volume of0.00200M
potassium thiocyanat
solutionVscn / mL
Molar fraction in
iron(lll) x(Fe*")
Absorbance (at 470
nm)

Colorimeter code
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2. Prepare the tubesWhen all the tubes are readgjse your HELP card to get a colorimeter from
a lab assistant.
O HELPO )
3. Prepare the colorimeter using the procedure described previously (see {d#i)e Set the
wavelength at 470 nnusedeionized water for the blank.
4700 > ® 0 =
(o)) Pl Gm

4. Recordthe absorbance of each tube at this wavelegbort the results in therevioustable.
d

Questions
5. Plot the absorbanca of the tubesas a function of thenolar fraction of iron(l11)x(Fe*").

6. Based on the results of the experiments you carriecdetgrmine the stoichiometry of the
complex[(Fex(SCN)] 32 D)+,
[(FeX(SCN)]®2 " ®

11

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

x(Fett)

a=__ b=
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Titration | Titration | Titration

Problem | Question P3.1 | P3.2 | P3.3 | P3.4 | P3.5 | Total

b3 | I i
13%of | Points 10 10 8 4 | a4 | 2 [ 2| 2 |
total Score

Problem P3. Wine for keeping

Sulfur dioxide, S@, is used as a preservative in wine. When BGdded to wine, it can react with water
leading to bisulfite ions, HSQ and protons, H Bisulfite can also be converted to sulfite,s50by the loss
of a second proton.

SO
SO bisulfite aH* HSQ; bisulfite
Y

SO» + H,0 = H' + HSQy
HSO; = H"+ SQ?

These three different forms of sulfur dioxide in water can react with chemicals in wine such as acetaldehyde,
pigments, sugars, etc. forming products P. The total concentration of sulfur dioxide is the sum of the
concentr at i forms (8@ H3Oh and $F raeddd

dap
P SO? HSO:; SO

The preservative concentration is regulated because sulfites and sulfur dioxide can be harmful to some people.
In the EU, the maximum total sulfdioxide content is set at 100 mg'lfor red wine and 150 mg tfor white
Oor rose.

o)
rosé A 100
A 150

Your task is to determine the total sulfur dioxide concentration of the provided white winedmyeimit
titration.

Procedure

Standardization of the sodium thiosulfate solution

(peo9ll Slidw ¢8) ppdguall Sl pSedd (0 GHue Jokxa

1- Youare given a sample 08100 mg of pure potassium iodate kI’ he exact mass is written
on the label of the viaReport it in the table below.
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Jodanl! § &3 Joruw 100
Y

2- Prepare 100 mL of potassium iodate solution in the 100 mL volumetric flask, using the whole
sample of solid potassium iodate and deteshiwater This solution is calle.

100 100
S deionzed water

3 In a 100 mL Erlenmeyer flaskdd:

Y 100 al
1 20 mL of solutionS with a volumetric pipette;
S 201
1 5 mL of the potassium iodide soluti¢gd.5 M), using a 5 mL graduatexylinder;
5 (0.5 M) 5 1
1 10 mL of the sulfuric acid solutiof2.5 M) with a 10 mL graduated cylinder.
10 (2.5 M) 10 1
4- Swirl the Erlemeyer flaskgcoverit with Parafilm andkeepit in the cupboardor at leastive
minutes.
Ay
5- Fill the burettewith the provided thiosulfate solutionsing a beakefTitrate the content of

the Erlenmeyer flask with constant swirling. When the liquid turns pale yediddtendrops of the
starch solution anleep titrating until the solution becomes colorlegecord the titration volume
V1.

I3

@ xl e
plaall yaiuly s Cual

(»23

6- Repeatthe procedure (steps3 as needed.
518 25
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Mass of potassium iodate
(report the value on the label)

Analysis n° Vi/ mL

1

2

Reported valueVi/ mL

Il Standardization of the iodine solution

el oo Gk Jokxa I

1- With a volumetric pipette, transfer 25 mL of the iodine solution labeled I, into a
100 mL Erlenmeyer flask.

100 2 2 5

2- Titrate the content of the Erlenmeyer flask with the sodium thiosulfate solution. When the
liquid turns pale yellowadd ten drops of the starch solution akédep titrating until the
solution becomes colorlesRecord the titration volumeV/a.

Los chl ® e
V2 Jxw Splaall yeiuwly

o3

3- Repeatthe procedure (steps2) as needed
211 25
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Analysis n° V2 / mL

1

2

Reported valueV2/ mL

[l Determination of total sulfur dioxide

SO co Sl S| QU8 oo (S Sgimall ne I

1- With avolumetric pipette, transfer 50 mL of wine into a 250 mL Erlenmeyer flask.

Jo 2 5 Qx> (393 § lgaing el dettll oo Jo 5 G ¢ dnozn Aiolo Jloniusly

2- Add 12 mL ofthesodium hydroxide solutiofil M), with a 25 mL graduated cylindeCover
the flask with Parafilmgwirl the content then let it starfdr at leas20 minutes.

@92 Gr9Vl Jad (e 2 Bhaw zyde Hbses Jlasiwls (1 M) 12 Gl
d2i85 2 B gSyily sgizeall s> ¢ @yl

3- Add 5 mL of the sulfuric acid solution(2.5 M), andca 2 mL of starch solution using a
graduated disposable plastic pipette.

Gloldl $u>] Jleaiwb sladll Jgleo 0 Jo2 Jlg>9 (2.5 M) 5 Gl
B9 8ped plustiwdl I3 4w

4- Titrate the content ofhe Erlenmeyer flask with the iodine solution in the burette, until a dark
color appears angersistdor at least 15 secondBecord the titrationvolumeVsa.

15 e
Va.

5- Repeatthe procedure (steps4) as needed
ari 25
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Analysis n°

Vs / mL

1

2

Reported valueVs/ mL
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Questions

1- Write down the balanced equations of all the reactions occurring during the
standardization of the sodium thiosulfate solution.

3
—_n

|

2- Calculate the molar concentration of the sodium thiosulfate solution. The molar mass of
potassium iodate ®I(KIO3z) = 214.0 g mof.

M(KIO3) = 214.0 g mof

c(S05%) = mol L !
If you could not calculate c{8s° ¥, the value(S:03 § = 0.0500 mol E! can be used in the rest of
the problem.

c(S05%9) = 0.0500mol L c(S05%9
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3- Calculate the molar concentration of the iodine solution.

c(l2) = mol L !

If you could not calculate(l), the valuec(lz) = 0.00700 mol ! can be used in the rest of t

problem.
c(l2) = 0.00700 mol 1 c(l2)

4- Write down the equation of the reaction between iodinand sulfur dioxide Sg) assuming

that sulfur dioxide is oxidized into sulfate ions 80

U ST U8 ConSl weuST 35 of Lofae ConsSIl weuST 315 9 3941 o Aol Jeladl &Yslae ST
SO sl

51st IChO — Practical Exam

33



ARE_1

5- Calculate the mass concentration, in mg per liter, of total sulfur dioxide in the wine. The
molar mass of sulfur dioxide M(SQ,) = 64.1 g mot.

M(SQ2) = 64.1J & gll QS cdusid! § o S kewsST G0 S (S gimall A/ ko Butlgy (LS HEA Cann]
g mol?

Cm(SO) = mgL?!
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Incident #

Student signature

Lab supervisor signature

1 (no penalty)

N

[6V)

I~

(€]
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