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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 mol L. To further simplify formulae and expressions, the standard
concentration ¢® = 1 mol L™ 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:
Planck-Einstein relation:
Ideal gas equation:

Gibbs free energy:

Reaction quotient Q for a reaction

aA(aqg) + b B(ag) = c C(aq) + d D(aq):

Henderson—Hasselbalch equation:

Nernst—Peterson equation:

where Q is the reaction quotient of the

reduction half-reaction
Beer—Lambert law:

Rate laws in integrated form:

- Zero order:

- First order:

- Second order:

Half-life for a first order process:

Number average molar mass Mn:
Mass average molar mass Mw:

Polydispersity index Ip:

Note

Na = 6.022-:10%° mol*
R=8.314Jmol* K™
p° =1 bar = 10° Pa

Pam = 1 atm = 1.013 bar = 1.013-10° Pa

273.15 K
F =9.649:10* C mol™*
1W=1Jst
1 kWh = 3.6:108J
h=6.626:103Js
c=2.998108 ms™
e=1.6022-10°C
P = AEXI
n= Pobtained/PappIied
E =hc/a
pV =nRT
G=H-TS
AG° = —RT InK®
AG®° = —n F Ece®
AG = AG®° + RT InQ

[C]<[D]¢
[AJ*[BI°

[
=pK, +
pH =pK, + log [AH]

EZE"—S—Zan

Q:

at T =298 K, %Tlmo ~0.059 V
A=¢lc

[A] = [Alo— kt
In[A] = In[A]o — kt
1[A] = VA + kt
t1/2 = ln2/k
2iNi M;
=3,
NN MY

M = 2Ny M,

IS

I, = M,

1o,

The unit of molar concentration is either “M” or “mol L™"":

1M=1mol Lt 1mM=103mol L?

51st IChO - Practical Exam
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Periodic table
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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 10 11 12 Al |Si|P | S |Cl]|Ar
2299 | 2431 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
K|Ca|Sc|Ti|V |Cr|Mn|Fe|Co|Ni|[Cu|[Zn|Ga|Ge]|As|Se| Br|Kr
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 47 48 49 50 51 52 53 54
Rb|Sr{Y |Zr|Nb|Mo|Tc |Ru(Rh|[Pd|Ag|Cd|In |Sn|Sb|Te| |I [Xe
85.47 | 87.62 |88.91| 91.22 | 92.91 | 95.95 - 101.1 102.9 | 106.4 | 1079 | 112.4 | 1148 | 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|{Ba|s7n| 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 | 1951 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 (s | R |[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|Tb |Dy |[Ho | Er [Tm| Yb | Lu
138.9 140.1 140.9 144.2 - 150.4 152.0 157.3 158.9 162.5 164.9 167.3 168.9 173.0 175.0

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 - - - - - - - - - - -

oy
¥
‘C
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Definition of GHS statements

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

Physical hazards

H225 Highly flammable liquid and vapor.

H226 Flammable liquid 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 if swallowed 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 Causes 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 or dizziness.

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 through prolonged or repeated exposure.

Environmental hazards

H400 Very toxic to aquatic life.

H402 Harmful to aquatic life.

H410 Very toxic to aquatic life with long-lasting effects.
H411 Toxic to aquatic life with long-lasting effects.
H412 Harmful to aquatic life with long-lasting effects.

51st IChO - Practical Exam 6



Chemicals

For all problems
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Chemicals

Labeled as

GHS hazard statements

Deionized water in:

- Wash bottle (bench)

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

Deionized Water

Not hazardous

Ethanol, in a wash bottle Ethanol H225, H319
Sample of vyhlte 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,

Eluent A, 20 mL in glass vial Eluent A H319, H336. H410
: : H225, H290, H304, H314,
Eluent B, 20 mL in glass vial Eluent B H319, H336, H410
Oxone® (potassium
peroxomonosulfate salt), 7.87 g in Oxone® H314
plastic bottle
_?_?_rgple of 4-nitrobenzaldehyde for TLC standard H317, H319
For problem P2

Chemicals Labeled as GHS hazard statements

L M potassium thiocyanate KSCN 1M H302+H312+H332, H412

solution, 20 mL in plastic bottle

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

HCIO4

H290, H315, H319

0.00200 M iron(11T) solution, 80
mL in plastic bottle

Fe(111) 0.00200 M

Not hazardous

0.000200 M iron(I11) solution, 80
mL in plastic bottle

Fe(111) 0.000200 M

Not hazardous

0.3% hydrogen peroxide solution, 3
mL in amber glass bottle

H20:

Not hazardous

51st IChO - Practical Exam
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For problem P3

Chemicals Labeled as GHS hazard statements
0.01 M iodine solution, 200 mL in I H372
brown plastic bottle 2
0.03 M sodium thiosulfate solution,
200 mL in plastic bottle Naz25203 Not hazardous
éol\tgkle\laOH solution, 55 mL in plastic NaOH H290. H314
2.5 M sulfuric acid solution, 80 mL in H>SO4 H290. H315, H319
plastic bottle
0.5 M potassium iodide solution,
25 mL in plastic bottle Kl H372
Potassm_m iodate, ca 100 mg (exact _ KIOs H272, H315, H319, H335
mass written on the label), in glass vial
Starch solution, 25 mL in plastic bottle 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
1 L plastic bottle for organic waste, labeled “Organic 1
waste”
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

Shared equipment Quantity
UV lamp for TLC visualization 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

Buchner funnel with rubber adapter

Zipped bag with 3 pieces of filter paper

Petri dish

TLC elution chamber, labeled “TLC elution chamber”

Zipped bag with 3 TLC plates (with fluorescence
indicator), labeled with Student Code

TLC graduated spotters (in the Petri dish)

Plastic tweezers

Glass rod

Graduated cylinder, 25 mL

Beaker, 150 mL

Plastic powder funnel

Disposable plastic pipette

I I e TN N S N e L L I e e I e I I U N
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Amber glass vial, for TLC sample, 1.5 mL, with

stopper, labeled C and R 2
Pre-weighed amber glass vial, 10 mL, with stopper, 1
labeled with Student Code
Magnetic stirring bar retriever 1
For problem P2

Personal equipment Quantity
Volumetric pipette, 10 mL 1
Graduated pipette, 10 mL 3
Graduated pipette, 5 mL 3
Test tube stand 1
Test tube 15
Test tube stopper 7
Colorimeter cuvette, path length 1.0 cm 2
Beaker, 100 mL 2
Disposable plastic pipette 15

For problem P3

Personal equipment Quantity
Laboratory stand with burette clamp 1
Burette, 25 mL 1
Glass transfer funnel 1
Erlenmeyer flask, 100 mL 3
Erlenmeyer flask, 250 mL 3
Beaker, 150 mL 1
Beaker, 100 mL 2
Volumetric flask, 100 mL, with stopper 1
Volumetric pipette, 50 mL 1
Volumetric pipette, 25 mL 1
Volumetric pipette, 20 mL 1
Graduated cylinder, 25 mL 1
Graduated cylinder, 10 mL 1
Graduated cylinder, 5 mL 1
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

aaa s = @ a 1 oa %
Problem P1 fjfizenaandiaduaas lulasiuudianlaaniiluiinssagaanaan
TunAasseiieinuun tdnwelAnananuasuansaiidizensieunsalunssuisunisesndiagduiaannis
o = o d‘ a d’l 2 d” = I'e o v A v a a s r_'ll
Apnsresdsdunseninniy luledwunadanedeanTaiuiudamnlfigniaenliiduaisesnd lnfaieiaud wasann
anstiilennliseudaacliiinaedamng diduisuas liinaradauanden arshiidadneanlau (Oxone®) uanaINTuaa

Ufisenganunsai iluasuanszdnan e nueadaduaisarareniiuinssieduonies

nuaasinZayludeiifadjizeneandinduaas 4-lulasiuuanian anuanuansumnyile

wWiauiisuansazana?ildlu TLC (TLC eluents) WazAFIAdALANNLIANEIRINARA N LAt lE TLC

NG TRURLLBMNUBALAT eluent azsinsnluainiiliaudn “wasdaaaiunila” (Organic waste)

AURAUNISVINLGATEN

nsnaaasdiud 1 Ujnseneandinduans 4-lulnsiuumanbas

v

1. WANU 20 NADARNTLAZLANIUAA 5 NARANT

2. lauiausimanauansasld i ground-joint Erlenmeyer flask 2116 100 Aafans

' U2
= o

3. 1w 4-Tulanuuananladdinnn 1.51 nfunlddeinminlineuniing asldlu Erenmeyer flask t@ngns

'
a

NANTTUINNLazenuea LEwTen B neuniiniyiaun 14 clamp 8m Erlenmeyer flask 13w stand 13

1 2
o © o

HLATRIAUENT 1a9aN1U LANaanTTw (Oxone®) 13NN 7.87 niu NlFdatinuin lBnaumsing

o

4. A reflux condenser lngAa1afaLl clamp dulvn) udatfu ground joints NNt anthaaanay

o

daeae (Help) iva Wigdaeduanisunidlatiuazdsasesiiinanuseuli

51st IChO - Practical Exam 11
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5. laAausauianliinianis reflux (14 reflux Uszanns 1 naamadwi) Wunan 45 uiil eseauunsl

A o o A o o ¥ o a = a A
ﬂ?ﬂmrJﬂquuﬁuuLﬁ?@\ﬂuﬂqqﬂﬁ‘ﬂuqz%ﬂwa\‘]qqumLWﬂQWﬂiuﬂq?Lﬂﬁﬂq? reflux NUNIEAN

large clamp

N1 gluuunisiangwine iaanfauduasuann e laanias reflux

6. Uansliiaratauaniasasiinnnten  duasaslianusauaanuazlaaslinljireduaaiy

981 10 W wasaniudlfisen ldWiaaadulng 14 993 recrystallizing dish NR@196ANTENdN

Wuderiui (ice-water mixture) Uaaslfilfizenagluiuiungt 10 win

v
(3

7. asginsninnsnsasnalfigoyanimsanunini 2 Taaldngaanses Bichner nszamNIasuay flask

o o

o alld Y o ai o =3 1 ] A dl Yy
@Wﬁ?ﬂﬂ?@ﬁﬂﬂﬂi’)ﬂﬂ stand LLALNAL clamp 21Lan mumuﬂﬁm@m’mmmmﬂ (Help) LW@IMQ%')H

UfAnIsnuansianIsie flask AMuFunsesiuunasgoyynia

<« Bichner funnel

........ <« Filter paper

<« Rubber adapter

Small clamp

\ Vacuum

N2 Mskmangmsunisnsesn g ldnas gy inia

51st IChO - Practical Exam 12



10.

11.

12.
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Mlinseansnsailen ']EILL'] IﬁﬁlGl‘i')ﬂﬂ’ﬂuﬂl‘l)i&luﬂquqﬂﬁ‘“’ﬁ’ﬁ:‘mi@\?‘l@ﬂﬁfﬂ'EN ﬂﬁllﬁ‘ﬁ'ﬂ\m?'lﬁlﬂﬁ"m

Blchner

2

NATLAIUARLURN crude product avliNgINTag Biichner LL@ﬁLﬂﬂLLM@Q@@QJW 1A AN9UAULINREN

1 v
o o

N0 qmeummmﬂmwﬂmﬂmni@fa@u (deionized water) (RgiN9tiae 4 AT ATIAE 20 AARAAT)

)

[ %

daagliianidiunznawiuna 5 wn e linandusiuie aaassqoonie ldndnanssu

| |
A

&N (small spatula) WatawmKARAUTIUTNNUUaE189NFNANT (tip of spatula) asldluamufia vial

a aa IA a [~3 o o 1 i
A111UA 1.5 Radanantg C Uardaufauazsnulid1uiunimeaaddoun 3

aewmnadudsNiaiaadli ground-joint Erlenmeyer flask 2119 50 88673

PaansazaneTimAaannnInIe (filtrate) a9luU9ATIALILIN organic waste A1929A flask dNUFLNTEY

LAYNTIENTAY Bichner FAEIONNLAALALTIN V197 T enin organic waste 41151 waste AMNLANTUDA

NSNARBIFIUN 2 NTANNANUDINA F17 N

NANUNLENNDS 9 HARAATALLENIUAALENN 21 HARANT

#N19ENNAN crude product Nagflu ground-joint Erlenmeyer flask 115 50 Ha@ams faeansazaie
1 09/ o/ dl v [ %4 dl % a A o dl % dl

NANTTUINIUNA LN 1Uea MBI wsnzan TaslEnsnenmseautiabnmteuiun bnaun reflux

(mund 1) antharaaudasmae (Help) e liggasdfifnadatiuaziamsasiinninien

PINHANNANTURINITLANAITAZAILAINANULLAAY condenser 16

WWananA st lEanNanual ldnszusuniamng laasuie 18udnlu dunaudn 1.7 tedunani 1.10 lunis

|
= o

duzeswde TdAsnansdwan (small spatula) iWesnuARATIUINUU a8 1899

ANA13 (tip of
spatula) aslluanaufia vial @1729u8 1.5 Aadansnaathe R tarasufouaziduliguiunig

NARDIAIUN 3

1 a o €d' Y o Y A N v . AN va o :’ £ ¥ v = [
Z]'lElWINa(ﬂﬂRL“VW]VL@W]'IELWU‘SE!‘YWLL@’Jﬂdl%‘ll’)@]LLﬂ’J vial Yﬂ@]&]ﬂ’]i"ﬁx‘i%’]%%ﬂvbLLﬂ’JLLﬂZ&Jﬂ’]US%&
o A 1a g .

WNILUAAD % daviainl vial

¥

NIFTRZAUNIARBINNNNTNTBIR MLIaN T8I organic waste uazanuHntNaVaANNTILLRED

(Help) fasdfi@nisazanainues condenser

51st IChO - Practical Exam 13
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NNSNARDIAIUN 3 ﬂ’]‘é‘atﬂ‘i’]&iﬁﬁ’lﬂ TLC

1.

LS8N elution chamber LANANIAZANY eluent A adlu elution chamber TidANglszu0s 0.5

LFLNAT TnAae Petri dish 9813 eluent ansanely elution chamber

] [ 1 o A Yo o 1 = vy A dld 1
LATANAITAIDENY nizeuazliFuansinagneand 4—1%IM3LUHGH’1@®VLEI®FELH‘H"JﬁLLﬂ’JZ\iT’W]Nﬂ’]ﬁIQ’]'&’]%‘

NIMTFIUAMSY TLC (TLC standard) (Fundn S uuuny TLC) sinFmeulfifuansiaesnaifiunn
idntiagued nanAaesfuAgA (crude product, vial C) uazN@RsTTWITH HannsaNNaN (vial R) 1u

v a o | v dy a a aa ¥ . 1 dll
UIALANRTNGRIaUNBUUTNT LANENLeaFNUsTHNns 1 AaRansadluanuia vial wiazluiiie

AZALATFINEIN

el 1 ya ﬂ % QI 4 1 o o v a % 1
wsENUEY TLC liAudatlguidubufuannessdingeds (IVNV"I’NN@J\‘I 1 FEURLNATANNATLANNU BN

1 = % dl o o |d| o/ 1 :// a ) / el o 1 09/19/
Wel1) wazAAEUNRNMUARMINTNIATaAANIFeENTie 3 Tl WIBUAIBNHIAIUIL S (AN3F6)
Aiumde C  (wassinueiidessiungn crude product) UATAIUMLN R (W@ARSTTWIIAINNIIBNNAN)

A

dl ﬂ o o A dl % LA 1 a dl dl % 1 P
ATNNINN 3 LUAUTNRUNLTEU NHNUUATUTILUBILNLY LAY eluent WI%WHN‘]JM@’WH‘H'J’WJ@\?LLNM (G]fﬁ

Eluent A feuuarasld Eluent B 11d3) anansvivanasuuuiunuinivuningld capilary spotters

Student Code Eluent A / Eluent B
AN

lcm¢ S C R

NINA3 NIFETEINUEY TLC

4. nsaagziiang TLC 1EnAu laueiiu TLC aglu elution chamber iafng Petri dish Uaasilii

< o a LR ' PR o ' y = y
eluent ﬂuiﬂqulﬂﬂﬂﬂﬁzlmm 1 EURNATNOLINU AT DI Glm‘V]ﬂ‘U UNLLNUARN LAALAYLLAUN

eluent liDednamuas uaztlans 19 TLC wisfaannia (air-dry)
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5. msvliwdy TLC wiu (Visualize the TLC plate) whusu TLC llanelEléivann UV finnsaed

dounane TiAuananaNq ANNaLAWIING

6. UIM19AzAY eluent NI LUAIANLALIUIN Organic waste

7. ¥IMN15NAaaIt1dvEudunaun 13 4 5 uay 6 tneld eluent B

o o A

8. Uk TLC Nlfvianunaslu gani@dniisiainzeusnag)

o a

NATBINTTILATNITILAE TLC (L8udaNALAT LHAILLMALANALAT) ThFauainalinns@auun

WHUNTN TLC AnuansiiiuarasdoslunismAnasaesan1unaiaini ununiwsuasias ligninly

ARAZLLL
Eluent A Eluent B
R ELEEr |------ j---4 F---t------ J------ $---
S C R S C R

dll @ ng a o b v a o < QI 1 dgl
LN@L@?Q@uﬂq?@@UﬂQUMﬂW? Q@LL@M@Qﬂ{]UﬁIﬂW?QZLﬂ‘LIZ\]\ﬂI@\TLﬁ@’]u

D

=]

¥ . dld o o 1A o rdl 1% =2
- 99079 vial NRITN8sNARNLTEY wlammmmmﬂmmnmmnmn

- WU TLC A uaz B Motflunenidndiasuadnisay

Submitted items
Recrystallized product m

TLC plate A O
TLC plate B m
Signatures

Student Lab Supervisor
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AN

1. W@aulaNaaEaninsiaauwntingaving (final organic product) AMnUfAzeNsEmdn9 4-Tulnsiuanan

lasuay Oxone”

2. AMNNANNTILATILIIENY TLC 1891niew mauAnusalls

. ansazang TLC duluupngalunisfnniuniainlfisen

oA oB

. naRsTgidessiuaga (crude product, C) Hisunn traces 194 4-lulasiuugnan bas
o True o False

. HARADLTIN LEANNNNTANEAN(R) N5UN0U traces 1949 4- IRt an bas

o True o False
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Problem
P2
14% of
total

Iron

Stoichiometry

Question | Calibration L P2.1 | P2.2 | P23 N P2.4 | P25 | Total
determination determination

Points 10 6 3 4 3 9 3 2 40

Score

Problem P2. The iron age of wine

s1pmanamnsonL lanusssugnF il Wasisuandanudinduninngn 10 - 15 mg/L Fe(ll)

azgneand ladilu Fe (1) vinliiRannsanaznau daziniguninwaasladanas Aniunseusunisu@n g

4 < 2
@Zﬁ]ﬂ\‘]ﬁQU@Nlﬁ‘N’]msﬂ‘Nﬁﬁ[Z!L‘M@ﬂi‘lﬂm&l’m@ll

dve9ansiszneuidedanszuang Fe(lll) NNAunusLly thiocyanate (SCNT)

WWNBATINERTIANTB9ATLsTnaLTEausEINg Fe(lll) waz thiocyanate

ARAITTEI

d”v = Yo 7% dl 1 1 o .
® 1uﬂ’]§‘1’l®@‘ﬂﬂuuﬂLﬁ‘ﬂu‘ﬂziﬂﬁﬂﬂﬁiﬂz'&qﬂ Fe (ll1) @mmmummuwimvmnu WY potassium

thiocyanate @89A31: 1 ndun ladwinr

® 1AIANNLAN thiocyanate A lUANIAZANELAY AFABININNTIAAN absorbance Nl 1 TX.

o aunEuufiainisldiAead colorimeter Mianiine HELP

IPEIN199LAT 2 BN RUUNAN NN AN NI uA NINaza 1NN [ETnaLn Ins I I Luyidlasdmann

Tun1meaaeiaziIN1IA LI AN LT WTaMNATed Fe Tulasianalaalditanlnins T inmys

antiugaaedjiAnigazlii colorimeter labeled TwtinGFauazamnsnlfifsesliuiu 15w

waIAN MiAsaaa3arzannmanan 15 Wi fdaatjiRnisazifiu colorimeter labeled At

fnluanztiulafimsasinaliifdosdjuinisazasmalidu  waiting-list  dwiunisldimseai

ansudalyl

® 35n15l4iAgas colorimeter azag luntinda il

o UniFaugNNTua AT colorimeter lAYanNA 3 A5

51st IChO - Practical Exam
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38n1514LATRY colorimeter

Absorbance/transmittance mode

Display
Wavelength
selection —or-— ——— N
1470525570 | 590 (605 | 626 | 660
Selection =
wheel &
OK button

o 2 4 ,
® | AauilanwATad colorimeter

e naaaudniunulalaieguudyanenl “Absorbance” vsald flud1iinyuiln “Selection wheel”

U

Waliiunuiuilse (dashed line) agjnsesumiie “Absorbance” udanatju OK

THA_3

Orientation
scheme

Cuvette
tank

® uiyuilu “Selection wheel” IvaliiunuiduilszagiAnenam@an 470 nm udanatlu OK

2 1
® fNUINAU (Blank solution) aslu cuvette HillAaugetlsznnns 3 wumns  1Wacdasld cuvette

(Cuvette tank) W&2914 cuvette aslil1lign Taglwanemulauas cuvette ANLUINLAIHIUIALILAA

ANgNATAIASY (Aangiuiindalil) ukatlael

® uiyuilu “Selection wheel” laanliiunui&ulss dashed line agMaamuMLe“ Absorbance” WAaNALN

OK #a3a1n1iulii uyuilu “Selection wheel” 1aan “Calibration” u&anm1lu OK

® 3paUNTINABLAAIAT 0.00 (‘Vldﬁ"ﬂ -0.00)

o ulasuansazane’lu cuvette Iiluansazanefieanisinssiinaiinansliinangetlszunm 3

LiuRNAg taelntagld cuvette

® 811AN Absorbance ﬁﬂ?ﬁﬂg

51st IChO - Practical Exam
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Cuvette

Cuve tank | —-~! ‘ ! Orientation

scheme

|19 Eunniaavianlulag

Tudiuil Wnizauazlasugnsazaie 0.000200 M 2249 Fe(lll) waz 1 M a4 potassium thiocyanate

28N15MAAAY

1.ip5aNa198za 8 T uaeANAaed (Tube) 41U 6 NaA ALANA9FNN 7] AHLENIRIN AR LA LAY

wanslupsdineans (uasaninlaiaasazlagniiuiianunissive)

RHEULRUVIRDANARDN 1 2 3 4 5 3)

0.000200 M iron(11I)
solution

1 M perchloric acid
solution

Wine 10.0 mL 10.0 mL

Hydrogen peroxide 0.5 mL 05 mL
solution ' )

Deionized water 9.5mL 8.5mL 6.5 mL 45mL 1.0 mL

1.0 mL 2.0mL 4.0 mL 6.0 mL

1.0 mL 1.0 mL 1.0 mL 1.0 mL 1.0 mL 1.0 mL

a 2 ' v & a [y .
2 lpnaannaaainiaqnanauaizen liiduiiaimaanu (homogenize)

3.LANRIIAZANY 1 M potassium thiocyanate 1311/ 1.0 mL @ﬂuua@mw&mmﬁ 1, 2, 3, 4, uaz 5

[ 3 dl 5% a a 2 1 v dlw = s .
WUy (aenh 6 lifiesiin) Unuaannaaasnaaqnanguaziaenliiiiulaifiasnu (homogenize)
4\ HBLFTINATAZANELATAN 6 aan Wianthe HELP inetel#Ase4 calorimeter annfdaailfjiiznng

5. AN®II 8NS5 LATAd colorimeter ANNadLNe Tuutn 18 Usuaquanaaullf 470 nm uazld deionized

water L1114 Blank solution
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6.2ALLA1IIWININA absorbance 1A4UARATN 1-6 AIAITINAIUAN UAIa N 1ELATad colorimeter 1a3aldien

e HELP Waudafidaed [iiinng

UHNIELAUNRRDANARDY 1 2 3 4 5 6

Absorbance (ﬁ 470 nm)

AN NTuuag Fedt Tu
16 32 64 96
uaaanaaas c(Fe3*) / uM

PUIELAULATDY

Colorimeter

ANDNN

1. WAaaANSINTLUING A1 absorbance (A) ARINARAN 1-4 LAY ANMNITNTWUARY Fe* luupazinaan

0.8

ry

0.7

0.6

0.5

0.4

0.1

e(Fep+)/ v

0 10 20 30 40 50 60 70 80 90 100 110
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o ldiAsaanunegnatlumsnediuans ainenieyaainuaennaasdtiiiiia31e calibration curve

RHEULRUVIRDAN AR DN 1 2

14Fn Absorbance values

\Wan calibration curve

2 Mnsuazdeyaiaen e a1m 1w calibration straight line aglunsnfinuuuuay AruamANEindv

(widagl pmol L) 209 Fe* lunannnnaaadl 5

c(Fe3+)TUBE 5= pumol Lt

i luausnauanan c(Fed*) 141den c(Fe®t) = 50 umol L™ Tuntsanuanudaly

o - ' [ o 1
3.A1U288 Mass concentration luning mg/L T@ﬂLﬂﬂﬂlu@’]?mQ‘ﬂﬂ’NifJﬁﬂqq

Cm(iron)anssaasnglaang = mg L
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Il MSIATISRMNGATLANURIRTLT ST Y
Tudrull dniFauazlasudnsazane 0.00200 M a9 Fe(lll) waz 0.00200 M U@4 potassium

thiocyanate

289MN19VPaR9
Tudaun | sdnizauazfieeiaisandeesansidadeass iron(lll)-thiocyanate iedtATIz AN Ndinduues

wianlusnaeinglail wazlugdaun I UNEUArFaIIN1TIATZIMNgRTLANTD9A T T E o

[Fe,(SCN), 1" (ldugnsnaifawuszaesiin) Tag a uae b AefaIa uIANTINAN TAY 3

Tudnuiiinzaualfsuansazanasasaliil
® A17axanel 0.00200 M a4 Fe(lll) (a17azaansm) (80 mL)

® 419a¥a8 0.00200 M 184 potassium thiocyanate (80 mL)

o A ¥ o

nauarlifunaannnans (WianqniladainFauainisndtsuasinliiudia), graduated pipettes,
spectrophotometer cuvette, colorimeter ({i15i84n19) WianviviaguaziAsaduiionng < uulfizdfimnaem

AUTUANMETUNINNINAADIT

1. ladeyasuinsresasazareiliaslunseadiimuualifnuans (@munousn) ienasztindiayasangain

w i simngaanizesandsdeulaeizaninglninums @inFauldandudelddeyaslunn o

ARANSTLUAN91) AruanAEAUINanF (molar fraction) 784 Fe(lll) Tunn <) naen tneliaunisdssialliy

Veeqm
Veeamn + Vsen-

x(Fe3t) =
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UNEULRUUADANARND] 7 8 9 10 11 12 13 14 15

13UFTURNANTAZAE
0.00200 M Fe(lll)
(Veequy» ML)

13UNMTIR9A190 AL
0.00200 M potassium
thiocyanate (Vo —,

mL)

WA INANS) molar
fraction( 184 Fe(lll)

[x(Fe™)]

' A A
ﬂ’]ﬂ'ﬁ‘@jﬁﬂﬂuﬂ@uu@ﬂ

(N470 nm)

PUIELAULATD

Colorimeter

2. 1e5aNA1IazAeasluNaannAaes antle HELP inefifdaalfifntsazininGaulddaeses
colorimeter

3.91N159AAINISAANAUARULAST 470 nm TaelHLATRI colorimeter (TalaaBuneign1sldlaly

w1 18) ldinisAannlana (DI water) 1lua1781984 (blank)

o e A A ' A A o o o
4, UuVIﬂV’nﬂ'ﬁ‘@jﬂﬂ@uﬁ@uLL'&\TT‘ﬂ\T@q?@::@qﬁllul,l,m@gﬂﬂﬂWVI 470 nm @ﬂlumq?qQWﬂqﬂuﬂiﬂﬂﬂuﬁuqu
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4. #5199 WIEUINAINIAANABAALLAN (A) U Lasdauiians (molar fraction) 199 Fe(lll) [x(Fe3+)]

1.1

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

x (Fett)

dll/Ly a ° L4 IS a v (3a=b)+
5. AMMNANNTNANAIN LA AIILATIEUNIYATLANUDIANTLTNTDY [Fe,(SCN),]

0.9

51st IChO - Practical Exam
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Problem | Question T'”"‘I‘“O” T'”"I“I“O” T'”I"’I‘I“O” P3.1 | P3.2 | P3.3 | P3.4 | P35 | Total
P3

13% of Points 10 10 8 4 4 2 2 2 42
tOtal Score

Problem P3. Wine for keeping (m’uﬁu%’nu’ﬂ’:ﬁ)

Sulfur dioxide (S0,) gnlfifluansiuyalulad naiia SO, gnidnaslilulal, SO, aziifsenfiui \in

|
=

\{lu bisulfite ion (HSO,”) wax proton (H') %4 bisulfite ion @a1uNsaRAIY sulfite ion (SO,7) Wagnde
proton FaT 2
SO, + H,0 =H" + HSO,~
HSO,” =H" +S0,”

TnegUuunfiunnsneifuges Sulfur dioxide Turinia 3 uuutlsngluannisfiaunu aransoinl§iEes
miﬁﬂg”lu%ﬁ 11U acetaldehyde, pigment, vimna Lmzm@%uj Aafluansnaniney Tagaanu i
9934784 sulfur dioxide MANKATINABIANNENTUIRS  free forms (SO, HSO,” and SO,”) WATANs
NARAT

Audinduaesansiuyaliignacunw degann sulfite uaz sulfur dioxide HudunaesegunIn nx
Yatuumsasanninglsl (EU) Argegeaasauidindusmuues sulfur dioxide Tulafunsag@ 100 mg/L

wazlulatian/lninuany agi 150 mg/L

AIANUIUWIANNLANTWSIN (total concentration) AR sulfur dioxide Tulatiang A28R8 iodometric

titration

A3N19MAAaY

I.ﬂ’l'itﬁﬂuuﬂﬁl'igﬂuﬂﬂiﬂza’m sodium thiosulfate

1. inieuazlfifu potassium iodate (KIO,) Uz 100 mg InaAtihwinfuduauazin (label) 7

190 vial Tag bt unnA1smin a9lumnsednuana

2. LN AN9ATAY potassium iodate 100 mL 14 volumetric flask 2118 100 mL Tl potassium

iodate YaUNAN 1NN WAL 11 DI (deionized water) azldasazatanlfizandn a15azane S

3. Buansaaluil luaangdaam aus 100 mL

° /198218 S 1TNMT 20 mL Aqel volumetric pipette:;

° @N982a18 potassium iodide (0.5 M) 5 mL laglld nszuanmag aum 5 mL;
° a13azane sulfuric acid (2.5 M) 10 mL Taglld nseuanmag aum 10 mL
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1 1 a . [~ 1
4, wn34 (swirl) 29n3UmHY, Unsiag Parafim wazinulug atnatias 5 Wi

5. LA @138z thiosulfate N1TiNNadlu burette Taeld beaker Titrate M1 FNNUANT TWAAFLITHY

¥ a

InendeaanetegNEaNe Antiiieansazaneddeuddudwiaeseau (pale yellow) TALANANTAZANE

]

el (starch solution) 10 vaa antulawagasalil aunszivansazaailagwdulldld duinady v,

9

6. i (da 3-5) B1faans

Mass of potassium iodate
(TudinAszylitnenam)

Analysis n° Vi/mL

1

Reported value Vi / mL

I.n19L AL msgmmimmzl iodine

1. Thale a13azana iodine (1 labeled 31 1,) 81 25 mL $iael volumetric pipette laluaaagiauyauin 100

mL
2. Titrate wnifFunuansluaangilany taeldansazae sodium thiosulfate aansavarelasudiiiug

WaResau (pale yellow) LiLAN @nsazanaiinutle (starch solution) 10 vas annulansaaali

aa o =

aunszieanrazanailaaduliia duinAdu v,

o

3. g (@8 1-2) d1Feeng
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Analysis n° V2 / mL

1

2

Reported value V. / mL

l.n15u1UTNwsINU 4 sulfur dioxide (Determination of total sulfur dioxide)

13le Ta1inn 50 mL Tnerld volumetric pipette ldluanagilaunauia 250 mL

2 LA d1982an8 1 M sodium hydroxide 138153 12 mL Tagld nszuenmag 2w 25 mL. mmae Parafiim,

' . ~ )] P g o o o vy | =
LNA9UAA (swirl) LW@iM@W?N@NLﬂHLU’BL@HQﬂu mﬂuumm%@mau@ﬂ 20 U

3.LAN 41982488 2.5 M sulfuric acid U3N1A3 5 mL BaZANA1azan81nwN (starch solution) Usennny 2

mL Tneld vaanvaananamn (graduated disposable plastic pipette)

4

4.\dasazant iodine 1u burette ANty Titrate vnizunuansluangiany Tnmsnaunseisliddia (dark

a dgj 1 1 v a = @ = !
color) nNAAUL LASANBEDENUDE 15 219, tunnAilu A

[

5.9 (99 1-4) G6ieanng

Analysis n° Vz/ mL

1

Reported value Vz / mL

51st IChO - Practical Exam 27



THA_3

ATDH
1.291%81U balanced equations UBNYN reactions ‘1’71Lﬁm%iwdwmﬂﬁﬂummgmmmmfm sodium

thiosulfate

2.ANUWTU molar concentration 289 @13a2a"¢ sodium thiosulfate TA&INIM1A molar mass Ues potassium

iodate (KIO,) = 214.0 g/mol

c(S,0,°7) = ‘mol L"

o a

fhudnFauliauisoaiuania ¢(S,0,7) e IildAr ¢(S,0,”7) = 0.0500 mol L Tunsaruansdinlyl
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3.A1U28 molar concentration A89A1TAZANE iodine

c(l,) = mol L

o a

dunFauliauisnaiuanian c(l,) 1o Wilde0 the value c(l,) = 0.00700 mol L Tun1sAaranialyl

4,291 equation 184 reaction 32194 iodine (1,) WAz sulfur dioxide (SO,), Tmﬂ'&m\ﬁd’] sulfur dioxide

gneandladiilu sulfate ion (SO,”)
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5.A1UATU mass concentration (mg per liter) U84 total sulfur dioxide Tulad Tnen1ma molar mass 284

sulfur dioxide (SO,) = 64.1 g/mol

Cn(SO,) = mg L”
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Incident #

Student signature

Lab supervisor signature

1 (no penalty)
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