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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 L1 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(aq) + b B(ag) = c C(aqg) + 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 M:
Mass average molar mass Mw:
Polydispersity index Ip:

Note

Na = 6.022:10%° mol*
R=8.314Jmolt K1
p° =1bar=10° Pa
Pam = 1 atm = 1.013 bar = 1.013-10° Pa
273.15 K
F =9.649-10* C mol ™t
1W=1Js1
1 kWh =3.6-10% ]
h=6.626-1034Js
€c=2.998108ms™?
e=1.6022-10°C
P = AEX|
n= Pobtained/ Papplied
E =hc/A
pV =nRT
G=H-TS
ArG° = —RT InK®
ArG° = —n F Ecen®
AG = AG® +RT InQ

[C]¢[D]4
[A]2[B]P
[A7]
[AH]
E=E° — R—g nQ

Q:

pH=pK, + log

at T=298 K, RFT]nIO ~0.059 V
A=c¢lc

[A] = [A]o — kt
In[A] = In[A]o — kt
1/[A] = V/[A]o + kt

t]/ZZZ]III%I/];VI

i4vi M

My = 2i N

M. = ¥ N; M;
v ZiNiMi
;= Mw

The unit of molar concentration is either “M” or “mol L1:

1M=1molL?
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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|NJ|[O|F/|Ne
6.94 9.01 10.81 | 1201 | 1401 | 16.00 | 19.00 | 20.18
11 12 13 14 15 16 17 18
Na|Mg|s3 4 5 6 7 8 9 10 11 12 |Al|Si|P | S |[Cl]|Ar
2299 | 2431 2698 | 28.09 | 3097 | 32.06 | 3545 | 39.95
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Kl|Ca|Sc|Ti |V |[Cr|Mn|Fe|[Co|Ni|[Cu|Zn|Ga|Ge|As|Se| Br | Kr
39.10 | 40.08 |44.96 | 4787 | 50.94 | 52.00 | 54.94 | 5585 | 5893 | 58.69 | 63.55 | 65.38 | 69.72 | 7263 | 7492 | 7897 | 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
8547 | 87.62 | 8891 | 91.22 | 9291 | 95.95 - 101.1 | 1029 | 106.4 | 107.9 | 1124 | 1148 | 1187 | 121.8 | 127.6 | 1269 | 1313
55 56 72 73 74 75 76 7 78 79 80 81 82 83 84 85 86
Cs|Balstii| Hf [Ta| W |[Re|[Os | Ir | Pt |Au|Hg | Tl [Pb| Bi | Po| At | Rn
1329 | 1373 1785 | 180.9 | 183.8 | 186.2 | 190.2 | 192.2 | 195.1 | 197.0 | 200.6 | 204.4 | 207.2 | 209.0 - - -
87 88 8o 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
Fr |Ra | | Rf [Db[Sg|[Bh|Hs|[Mt|[Ds|[Rg|Cn|Nh| FI [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
1389 | 140.1 | 1409 | 1442 - 150.4 | 152.0 | 157.3 | 1589 | 1625 | 164.9 | 167.3 | 1689 | 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 - - - - - - - - - - -

51st IChO — Practical Exam




SYR_4

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 5



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 white wine, 300 mL in .
amber plastic bottle Wine sample H225, H319
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,

solution, 20 mL in plastic bottle

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
Sample of 4-nitrobenzaldehyde for TLC standard H317, H319
TLC
For problem P2

Chemicals Labeled as GHS hazard statements

L M potassium thiocyanate 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

HCIO4

H290, H315, H319

0.00200 M iron(I11) solution, 80
mL in plastic bottle

Fe(111) 0.00200 M

Not hazardous

0.000200 M iron(l1l) solution, 80
mL in plastic bottle

Fe(111) 0.000200 M

Not hazardous

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

H202

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 | H372
amber glass bottle 2
0.03 M sodium thiosulfate solution,
200 mL in plastic bottle Na2520s Not hazardous
;ol\t/LleNaOH solution, 55 mL in plastic NaOH H290, H314
2.5 M sulfuric acid solution, 80 mL in
plastic bottle H2SO4 H290, H315, H319
0.5 M potassium iodide solution,
25 mL in plastic bottle Kl H372
Potassium iodate, ca 100 mg (exact
mass written on the label), in glass vial KIGs H272, H315, H319, H335
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 “TL C 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 T e N e N I I I I I T T Y T Y PN SN TSN RS
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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

a3 g yiild (&l ddsduall) slpiasel BuwSYI 1 J oVl Aluned!

Problem P1. Greening the oxidation of nitrobenzaldehyde
dndlan (o sl & BuuSYI Wldas (3 Bpandl WS e Lol 058l Jsl> cdublall sgdall (8
(potassium peroxomonosulfate) g gsstgdl cilisgS $all g m sl Gy «Aluall 0da b .5 bzl clalsall
OXONE® S e U Ly g3y Lo g §)Lo sue DlinysS Pl Wy 4 s cduuS50 Jole diog
ezl Slodall e Olysia (2l Jglialg slall e gose (b Jelasll Gz celld e 8dle
For the last decades, chemists have tried to replace harmful reagents in oxidation processes in order
to reduce hazardous waste treatment. In this problem, potassium peroxomonosulfate has been chosen
as oxidizing agent, because it only produces non-toxic and non-polluting sulfate salts. It is provided
here as Oxone®.
Furthermore, the reaction itself is performed in a mixture of water and ethanol, which are classified
as green solvents.
00 Bzl dudy elldg TLC didda) Olude Buis alusuiud d3ylieg (Ul Bysh Bale] eIV 30 9553-4 J BuwST (55203 O hinge
TLC Jleasiuly LI £ld
Mguand| Okl el Joe 8938 (B Wludelly J g3l blE: auby s 12>

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

Note: Ethanol waste and eluent must be disposed of in the “Organic waste” bottle.

Procedure
el diybo
I. Oxidation of 4-nitrobenzaldehyde
Y30 g 5i5-4 BuwsST
1. Mix 20 mL of water and 5 mL of ethanol.
JPteY! (e SML ze Wl e 20mML 3ol
2. Insert the magnetic bar in the 100 mL ground-joint Erlenmeyer flask.
s gy I3 Jo 100 Ddp] B b liaall eyl Cuad g

3. Transfer the pre-weighed 1.51 g of 4-nitrobenzaldehyde into the Erlenmeyer flask. Add all of the
water/ethanol mixture prepared previously. Clamp the Erlenmeyer flask to the stand. Start stirring
the mixture, then add the pre-weighed 7.87 g of Oxone®.

(20:5) sLadl/J$3LY! iy sl JolS Caupl . Aid oY1 J) Yl 9,554 p0 1.51 g lars 459390019 Blanall 4ueSIl Jai)
05891 o Line D9 )g0lly Blanall duaSl Gl @5 oymadll Tau] ¢ Jolodb AdpYl s .Yl Gl (b sl
. 7.87g a5 Oxone®

4. Attach the reflux condenser by loosening the large clamp and adjusting the ground joints (see
Figure 1). Raise your HELP card. A lab assistant will come to turn on the water and set the hotplate.
b ddlay a8yl (1 JSadl Hhail) 8yaiaell cDUogll ausly 4uSIl Jadlall oy IS oo Wipadl et CaiSe e
Lol J3sS sloll uds (S (el deluedl duelug Bguw HELP suslu!

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

e 8392 9all BV 483 45 Bed (Lo ASB 5 Buliye Byad Juae) Cinda) Lo yudat (399 eladl guosall o
Syall yudaiidl J) Jgsool) Aapdl dslaiadl 33165 ¢)lsecdd|
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<~ largeclamp

small clamp

—

‘ﬂ £ _Ca )

Figure 1. Setup for heating the reaction mixture under reflux

6. Then turn off the heating on the hotplate stirrer. Remove the hot plate and let the reaction mixture

cool down for 10 minutes. Place it afterwards in the crystallizing dish filled with an ice-water mixture.

Let it stand for another 10 minutes.

Gaall 8)5ldl (oo (B A3 day das (3385 10 8l sy Jelaidl gosall 2yilg obead) dmsl eyl g abol (el any
Adls) (3565 10 b if_}il slalg @J.i]l O T

7. Set up a vacuum filtration apparatus (see Figure 2) using a Buchner funnel, a filter paper and a
suction flask, that is secured to the laboratory stand with a small clamp. Raise your HELP card. A
lab assistant will come and show how to connect the suction flask to the vacuum source.

Sl Jadadl slegg gradsys 8)9 ¢ i gy gad Jlamialy clldg (2 JSad! yhail) Auseilb zradyilb (o) (il Z U5 9l 3
Joss S clipg Gyn delun pas g b ol HELP Bl ad)l . piue haile dhaulsy Jolodb dinds $y>
PSYEN] v Sl addl cleg

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

~— Rubber adapter
<« Small clamp

N

“ . Vacuum
Figure 2. Setup for the vacuum filtration

51st IChO — Practical Exam 11
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8. Wet the filter paper with water and ensure that it covers all the holes of the Blichner funnel.
SS9 ad B gl S Jail Wl (e 3839 syl d8yg cudoyiy 03

9. Pour the suspension of the crude product into the Biichner funnel and apply vacuum. Wash the

solid thoroughly with deionized water (at least 4x20 mL).

o) gzl g93ie yaiall elalb 156 Snd ) CSyall Juukl sl 51dog g0 aed e plsdl g1 (oo LSl
(20mL Jlg= wiped J3YI

10. Let air suck through the precipitate for 5 minutes to pre-dry the product. Disconnect the vacuum

source. Use the small spatula to transfer one tip of spatula of the product in the 1.5 mL amber glass

vial, labeled C. Close the vial and save it for part Il1.

Jai Byiue Ygilaw Joniwl DI biadl Lol laraas @l Cados (S 33685 5 8ued sl M5 o dadiy slogll £
T g32l) g sty disiad) (3181 .C Blowus daile duxrla) duid J) gl oo Y gilaas ooy 0)48 Lo (T Byuiso dueS

11. Transfer all of the remaining solid into the 50 mL ground-joint Erlenmeyer flask.
50 ML x> 13 (Wl Bratims iyl J] Sistall bl 01 Jail

12. Discard the filtrate in the “Organic waste” bottle and wash both the suction flask and the Buichner

funnel with ethanol and water. Use the “Organic waste” bottle to dispose of ethanol waste.

2089 (Al aad dosd & Ldyl) lasidl dxl) oo 36 Juukly "dguaa)l ORI disd S d=liydl e ﬁ
P EMas e palsall "dgyanll A" Awid Janiwl clolly SV s g0 gyl

Il. Recrystallization of the product
ZWI Bygh Bale)

1. Mix 9 mL of water and 21 mL of ethanol.
JPteY! (e 21mL g sladl 0 IML il

2. Perform the recrystallization of the crude product contained in the 50 mL ground-joint Erlenmeyer

flask with the appropriate amount of this water/ethanol mixture, using the same setup as for the reflux

heating (see Figure 1). Raise your HELP card. A lab assistant will come to turn on the water and set

the hotplate. Add the solvent by the top of the condenser.

T o dasslin &eS Jlasiwsly 39 50 ML azm> (U1 8yaiaall Ld )1 asd 39zgall plsl LI 8)5k Bale] 3ol

HELP d8Uay adyl (1 JSad! yhail) S5 pall yudadtl) Jaadeol (SAU1 13 oyl 3ag2dl Blaiadl elldg 3ol Jgilial/slo
S a3 O Al CasSall A gd ye ol il Ll | 59 slall i (G yen dslus b Cgung ety Aol

3. Once the product has crystallized, use the same procedure as described previously (1.7 to 1.10) to

collect the solid. Use the small spatula to transfer one tip of spatula of the recrystallized product in

the 1.5 mL amber glass vial, labeled R. Close the vial and save it for part IlI.

(10 W1 7)) gyl das N5 0 Alall 50 U991 550l (3 Tl 28900501 313 Ay Lol Jasal g5l sk 0 Lo

Al 3 Lgaudy dsh dlaadl @l (e Ygilew o) oylie o dsl Buiall Yyl Josiuwl . liall W) aazn)
Al 32l L kil g diwsl GAET R Blowwadly 1.5 ML dawd! I3 daslall dusr )l

4. Transfer the purified solid in the pre-weighed vial labeled with your Student Code. Close the vial.
)] Bel . cIUall 5oy ey Blosally gy G i J) LBl (il ol Jal

5. Discard the filtrate in the “Organic waste” bottle and raise your HELP card. A lab assistant will

come to turn off the water of the condenser. )

slo Blad (e delue b CBgu el Aol HELP d8Uas ad)lg "diguaall cdladll" &wd (b d>Liyl (e yalsed
RS N
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[I. 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.

Byzeadl Lt . Cdyzell Cod oy (olas)) 10,85 0.5 cm Jola by U3y2d) 400 Jao . (elution chamber) Gyl yi pha
Byl Gasd Byl oy Byl g2 iy (i AT 5y Bk

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.

)9 e S5 W 30)l5) TLC Sylbeno Blows dale durlor) diwid (3 wd WY 339,5-4 5 g3 (§yom Bguw . chilus pa>

i3y (R dwdll) dishy slaall ey (€ dwdll) plsdl Wl e g cdatis! OF G Bpasuo S Lt o (TLC I
Slall Jod lidg SUal g S J) JPY e ImL Jlg> cadl . opiadle oterla) ouinid oo

3. Prepare your TL C plate. Use a pencil to draw carefully the start line (1 cm above the bottom of
the plate) and mark the positions in order to spot the 3 samples. Label them S (Starting material), C
(Crude product) and R (Recrystallized product), as described in Figure 3. On the top left of the plate,
write your Student Code. On the top right of the plate, write the eluent you use (first Eluent A, then
Eluent B). Spot the three samples on the plate, using capillary spotters.
g (doesdall Jawl e fedy 1em i) Lladl oz oy euaydd pobio) @b Jomtol b duold! TLC Ao pia>
T2 92 WS (43)3,1.3 Slao]! @U..N) Ry (‘Aszl @UJ‘) C c(iﬁ\.&g)’l .\|5AJ|) M LI ubg.ij Qo) &é‘}».“
ool LS| clomaiall o Giaddl gladl &gl e Ul 3oy S cmuiall (o (S eandd] Dighadl Dglil B .3 Sl B
CbIL Blaiwb dopdsall e G luall adis 2 (B codall @3 A JoY Cylandl Codll) dlaaiad S Codall
(S5 e U313 Bag25ally (2,3l 1y Aol & ya s

Student Code Eluent A / Eluent B
AN

lcm¢ S C R

Figure 3. TLC plate preparation

4. Perform the TLC analysis. Using tweezers, insert the TLC plate into the elution chamber and

cover it with the Petri dish. Let the eluent reach approximately 1 cm below the top of the plate. Using

tweezers, remove the plate, mark the eluent front with a pencil and let the plate air-dry.

Codall 83 .55% 3ubas LB g Lyl By (B TLC I domuiio g ¢ Sueodld) Jailally Bilaiwsdly .TLC Judortlly o

Codall Gy Sy dompdisall Lol Blaiwdl ol diiall Wall Bl e 1em Jls> J) duay Syl
elogll (B s dmuiall 519 joloy @l Jlaxissl
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5. Visualize the TLC plate. Place the TLC plate under the UV lamp kept on the common bench.

With a pencil, circle all the visible spots.

Bl9d eyl yoloy @lds Blaiwdlg dSyin Aglb e 392 5a)l UVl Zluas casd TLC Ao a2 TLC daiiall gl
Abpell a2 dl J g

6. Discard the eluent into the “Organic waste” bottle.
M gandl SR dwd (B A8yl Jdlead! (e gl

7. Repeat steps 1, 3, 4, 5, and 6 with eluent B.
B Dyladl Codell Jlemisl 1,3,4,5,6 Olglasidl )yS

8. Place your plates in the zipped bag with your Student Code.
e Jeng A Glall JG W8d) & dailinn i

Results of your TLC analysis (complete the schemes with your results). You may use these drawings

to make a scheme of your TLC plates that may help you answer the following questions. The scheme

will not be graded.

Mg TLCH eloslisal lalasis pusyid Slossyl 0d Jarind of eliSy (el ao wllalascall @adl) TLCEMS g5Ls
sl Cogaad Sy o AW il e Cuzed Saeluguw bo

Eluent A Eluent B
R ELEr l------ $---4 }--- p------ J------ $---4
S C R S C R

At the end of the examination, your lab supervisor will pick up the following items:
- Glass vial labeled with your Student Code containing your recrystallized product;
- TLC plates A and B in zipped bag labeled with your Student Code.

AW sl gz el Lo Cydiadl gy gun cOuiadl dilgs (b
fiyghs Bolaadl @"Uu" Py 2\33\:&3 30y & cb}" ‘;‘L:Q °
oI 30y Jozw GUEW BB (S o B9 A Sludall TLCH Uixsde @

Submitted items
Recrystallized product m

TLC plate A m
TLC plate B m
Signatures

Student Lab Supervisor
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Questions
1. Propose a structure for the final organic product from the reaction of 4-nitrobenzaldehyde and
Oxone®.

‘0xone’ O guSel o dallling -4 Jelad Jilgdl Sgnanll @l dus z 58I

2. Based on your results on the TLC analysis, answer the following questions.
Al A8y e al TLC Jidas i e Talael

o Which eluent is better to follow the reaction progress?

oA oB

o The crude product (C) contains traces of 4-nitrobenzaldehyde.

o True 0 False

o The recrystallized product (R) contains traces of 4-nitrobenzaldehyde.
o True o False

51st IChO — Practical Exam 15
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Iron Stoichiometry

Problem | Question | Calibration o P2.1| P2.2 | P23 N P2.4 | P2.5 | Total
P2 determination determination

14% of Points 10 6 3 4 3 9 3 2 40
tOtal Score

Nl (B Sdudad] puandl a3l 4l

Problem P2. The iron age of wine

SU! sl O gl JuST Gy Jlide 15 J) 10 0585 Jolots badie il (b awb S Sl puaie dlgiy
43150 (Sy9mall (o A Ly JSCS A B gl B Byl JI 6285 (iron(111)) DI swasdl ogd JI (iron(ll))
it J>lye s U8 dadl (b duudl 5,83

Sllawgs dadpe o (iron(l1)) SMI wusll Ogle dbre pdsiuy 4 cdpdadl g Tae Cammall 5850 Tilaig
A4S guall ddldaadl Ayl (o dadod| duS i (SCNY)

Wiy ¢ gl Adldacdl Ay Jleriwl Jazedl paodl duidl (3 JSU dodsd! 54835 dausd (S &yl ol oigs
L;Wl ol & Ul gaidl ddaad Lf).’i.ﬂ}:SluJ|
Iron is an element which can naturally be found in wine. When its concentration exceeds 10 to 15 mg per liter,

iron(l1) oxidation into iron(111) may lead to quality loss, through the formation of precipitates. It is therefore
necessary to assess the iron content of the wine during its production.

Given the very low concentration of iron species, a colored complex of iron(ll1) with thiocyanate SCN™ as a
ligand is used to quantify the iron amount, through spectrophotometric measurements.

Your task is to determine the total iron concentration of the white wine provided, using
spectrophotometry, and to determine the stoichiometry of the thiocyanate — iron(111) complex.

WARNING

Al cdaadla

3810 paruligdl Clilungs (o plglomag (SN wusedl oo Gulgloney Sugss e Alunall 0dn 5 o

i Jalss Vg dabiseal! 5481501 adg) lgaitio oS cdalises

By IS Clleww gaill ABLd| day poludilly 08 ¢dgutall ddlidanll ol Judloxoll yua oo slgiil s @
ALY das B9 dsluw (i uxS H9lxi Y duie)
Adldaoll jlg willach (§ pseoll paiiwg o(HELP) 4BUay 29y 03 (b guall ddldanll pluseiwy zliod Jis
wis o elilgiil day Byl 03U (Gpadeall p gl ey (AR 15 gkl Y Buie) dalustivwly el zronu L gas
LRI Aa38 e by it j9emmo i ddldas (wlidie 399 pus s .l dogauall ddidd 15 J1 £ Lgisl
AW dxdyall L“,S 839> 90 ddldanll jlg> plustiwl Clagdas o
Al 04y Jadd il po G 48 gl ddldacd! Hlga b cliSan

o In this task, you are provided with two iron(ll1) solutions and two potassium thiocyanate
solutions of different concentrations. Be very careful not to confuse them.

o Once the solutions are ready for spectrophotometric measurements, record the absorbance no
later than one hour after the addition of thiocyanate.

o When you need a colorimeter, raise your HELP card. A lab assistant will give you a
colorimeter labeled. You will have the exclusive use of this colorimeter for up to 15 minutes. The lab
assistant will take it back as soon as you have finished or when the 15 minutes are over. If no
colorimeter is available at the precise moment, you will be added to a waiting-list.

o Instructions for the colorimeter are presented on the following page.

o You can call for the colorimeter only three times for this problem.
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Instructions for the use of the colorimeter

Absorbance/transmittance mod 43 sill Analaiey! sl

Display

Wavelength selection

) s sl

Selection wheel
Ol anll Y 5
< Jl,.li-“

OK button

)

SYR_4

Orientation scheme
s guall g1 ol
Ly

Cuvette tank
448l gy ¢l

sL,gS0b A guall ddldaoll Gulide Juogl
Jasdl yebay i bl (Ygo padiy @8 3y 08 13] slas (Absorbance) duebaied! jls of e ST
(OK) u3! iz 03 o3 (Absorption) Jg=> adadel!
(OK) 3! s 08 03 (470 NM) sllanll dzgall Jsb e Jadiall ozl joglo (o DLl Y95 gy o
bz J] i) mewall ol jlasy 451 (blank solution) wsésadl Jglxe ($525 Wl Adsdl mogy 03
979 A1 asgay 08 ((JWI Sadb b ge 90 WS ool pgedl olail dbgiall dejadl Gledl Lle ol
Byl (3hely T Lgito (6 yaind) Jaud)l
pasciul @5 .(OK) 3l Jassay 08 3 (Absorption) Js= alaiall Jasdl yelay (> @hladl Y95 pgdiy o8
(OK) p3! Jasuas 8 o3 (Calibration) seasaidl Jgloas gl alae )3 8Ly Y9l
.(~0.00) sf (0.00) o)l &alidl e yoba > Lol
RICEN VRPN ES RO I COP TP | - WS [ WE P RV
Lolaie)] dad Jomuwg 1,31

e Plug in the colorimeter.

e Check that “Absorbance” is highlighted. If not, turn the selection wheel until a dashed line appears
around “Absorption” and then press the OK button.

e Turn the selection wheel until a dashed line appears around the desired wavelength (470 nm). Press

the OK button.

e Place the cuvette with ca 3 cm in height of the blank solution in the tank. Be careful to choose the
correct orientation (look at the orientation scheme on the colorimeter, the beam is in the direction of
the yellow arrow, see figure below), and to push the cuvette down until the final position. Close the

lid.

e Turn the selection wheel until a dashed line appears around “Absorption” and then press the OK

button. Using the selection wheel, highlight “Calibration” and press the OK button.

e Wait until the display reads 0.00 (or —0.00).
e Place the cuvette with ca 3 cm in height of the analyzed solution in the tank. Close the lid.
¢ Read the absorbance value.

51st IChO — Practical Exam
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Cuvette

Cuve tank —— : 5 Orientation

scheme

b e gall g oladl
P

l. Determination of the iron content in the wine
Suid! (B dodsdl (S gisee Wy

93 Pyl gl Clliuw g8 Jgkoag (0.000200 M) 5655301 93 SN ksell Jgloeo pusiind Bguw s5ull i (B
(1 M) 5S3

In this part, you will need the 0.000200 M iron(111) solution and the 1 M potassium thiocyanate solution.

Procedure

el i ybo

3. Prepare 6 tubes by adding to each tube the required volumes of the provided solutions, as
described in the table below.

5l 1dg) oS Blanall slgall (yo Jogdandb Bodmall pgraelly i) il divs yuiamiy @3

Tube # 1 2 3 4 5 6

0.000200 M iron(ll1)
solution

1 M perchloric acid
solution

Wine 10.0 mL 10.0 mL

Hydrogen peroxide
solution

1.0 mL 20 mL 4.0 mL 6.0 mL

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

0.5mL 0.5mL

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

4. Stopper the tubes and homogenize.
oloeall Guilid Ly 039 Sl B3Il (ol 3T
5. Add 1.0 mL of 1 M potassium thiocyanate solution in tubes 1, 2 3, 4 and 5. Do not add in
tube 6. Stopper and homogenize.
ael .6 o cai Vg 16263¢4¢5 ol (3 (1 M) 58501 95 porlisd! Sblusgd Jglme oo (1.0 ML) sl
WJoomall ity slhasll uiiy GUEY!
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6. When all the tubes are ready, raise your HELP card to get a colorimeter from a lab assistant.
Sxall yo A5l ddllanll gz e Juamd (HELP) 83Uadl g el auor ugmiy p o is

7. Prepare the colorimeter using the procedure described previously (see page 18). Set the
wavelength at 470 nm. Use deionized water for the blank.

(il ) Gl copts 1 dylally &5 9ul ddldaoll Gl pra

(470 NM) 4z gl Jgbo ie olidl) jlg=xll ap

M J)‘}ZXJ‘ &3)&0 N e.).:'ﬁ.w'

8. Record the absorbance of each tube (1 to 6) at this wavelength. Report the results in the
following table. Raise your HELP card to return the colorimeter.

ez 8oleY (HELP) &8Uay gyl ¢ JWI Jgiad! Sholy codomall drgall Jgbo die gl JSU duoliatieadl @b Joems

Tube # 1 2 3 4 5 6

Absorbance (at 470 nm)

Analytical concentration
of Fe3* in the tube 16 32 64 96
c(Fe**) / uM

Colorimeter code
duobaiadl jlg= 30y
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Questions
9. Plot the absorbance A of tubes 1 to 4 as a function of the analytical concentration of Fe3* in
the tube.

(29 (3 DI a5 S 4 JI T e Badendl CanliU duolaie)l 0ud o))

0.8

0.7

0.6

0.5

0.4

0.1

e(Fep+y/ pM

0

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

¢ Inthe following, check the boxes of the data you will consider for your calibration curve.
Cp2 Bk g O] Buagianel] Aol luse @uiinnsl] 8ylaall Jas sy gedsiudun I duolaisdl @b e zuo 8]

Tube # 1 2 3 4

Absorbance values used
for the calibration curve

10. Using the previous plot and the data you have chosen, draw the calibration straight line on the

previous plot determine the analytical concentration (in umol L) of Fe®* in tube 5.

36555 dagd sumg bladl o Juay G pudianel] Balaall Jas- eyl lgiyisl U1 pailly @oldl Slad! Jalaseal! plasiuly
(UMOI L) > hade 5 gl (B 392gall (SNt

c(Fe*)Tuses = pumol Lt
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If you could not calculate c(Fe®*), the value ¢(Fe®*) = 50 umol L~! can be used in the rest of the

problem.
Oldlall &y ale3Y (c(Fe3*) = 50 umol L) dead)l Jazivl (FE3) 3855 @b Gl adaiad o) 13)

11.  Calculate the mass concentration, in mg per liter, of iron in the studied white wine, (taking in

consideration the volume of additives).

@l dpazeal BLEYI O el fans M) dugyiedl (! dadl dige (B 1/ ke 3 o dpasl) JuSU1 58501 G|
(Ll sl (b Jsloall o]

cm(iron) = mg L
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1. Determination of the complex stoichiometry
Aaol) & yie gaSiud! dunddl ozl

(0.00200 M) iS5 53 a gaauli gal) cililanu g5 Jglaa 9 (0.00200 M) JuSs5 93 (AN paadl J glaa addieaiu ¢ Jadl 128 b
In this part, you will need the 0.00200 M iron(l11) solution and the 0.00200 M potassium thiocyanate
solution.

Procedure

1dandl 44, )k
S Wl el (o dige (b dodsedl 3555 dadoet) M dudad! bl 928 diae 05 Llaninl cluall (o JoYI sl
a) Cu> (sl Ll yehas o) [Fea(SCN)p] G40 sdacl) (50 9uSiadl dnlys J) Cdged dluall 0 (p0 LI 51
3 wﬁlw&ma\xi( b3
In part | of this problem, we use the color of the iron(lll)-thiocyanate complex to determine the
concentration of iron in the sample of wine. Part Il of this problem aims at investigating the
stoichiometry of the [Fea(SCN),]®*?* complex (coordination of water is not shown), where a and b
are integers no greater than 3.
A1 Al Jloealb g5 i
Gyl (aamell (0.00200 M) 3:85301 93 SMI i)l Jglxn (0 BOML
(0.00200 M) 3585531 93 porunligdl lilwgsd Jgl=o 0 8O ML @
A gl ddldanll A5 (Aol diole o(lganidiy Lt Sy (U sl ae) dadaill ddeiedl HLasYl il el
iy LS (galdseinnl (Say (Al dalises cilrla) o (Aladl oo 9 sl (b LS ) (Jguo (Blakas
You are provided with the following aqueous solutions for this part:
o 0.00200 M iron(l11) solution (already acidified) (80 mL)
o 0.00200 M potassium thiocyanate solution (80 mL)
You also have test tubes (with stoppers that you can wash and dry), graduated pipettes, a
spectrophotometer cuvette, a colorimeter (upon request), and any other labware on your bench that
you think useful.

12. Eill the first three lines of the following table with volume values that will allow you to determine
the stoichiometry of the complex, by spectrophotometric measurements. You don 't have to fill all
the columns. Calculate the molar fraction of iron(l11) in each tube, using the following formula.

Olold Jlanienls Snall (550 guSiund| ey el zroned gun (19 oozl JWI Jgiadl (yo (J 91 M CBgasall Slal
pliseial gl S (5 M ol Jgadl uuSI) sl gzl (B BaasYl S s ) zlizs Y .45 gl didlidanl)

2,061 233!
Vreqn
x(Fe3t) =
Veeam + Vscn-
Tube # 7 8 9 10 11 12 13 14 15

Volume of 0.00200 M
iron(I11) solution Veeu, / mL

Volume of 0.00200 M
potassium thiocyanate
solution Vscn- / mL
Molar fraction in
iron(111) x(Fe3*)
Absorbance (at 470
nm)
Colorimeter code
duolaiadl jlg= 50
51st IChO — Practical Exam 22




SYR_4

13. Prepare the tubes. When all the tubes are ready, raise your HELP card to get a colorimeter from
a lab assistant.

4591 adlianll Sl Jlaminl diojd e Juai) (HELP) 83lad) gyl Agisi (1 pomanl sl Gl ugay o3

(Sl (0

14. Prepare the colorimeter using the procedure described previously (see page 18). Set the
wavelength at 470 nm. Use deionized water for the blank.

470 ) dergall Jgbo s bl Slgl o (18 At B) Tsls oyt (A1 Ay lally &5 9ua)l &udliaall ulidie 30>

il 3yl gd) £ 9500 eladl pusciul .(NM

15. Record the absorbance of each tube at this wavelength. Report the results in the previous table.

Blad) Jguzd Slelg couall dargall Job i 961 JSU duoliaial! 08 Jomws

Questions
16. Plot the absorbance A of the tubes as a function of the molar fraction of iron(l11) x(Fe3*).
S oel) Jgall S 1S duolarod! oid sy
17. Based on the results of the experiments you carried out, determine the stoichiometry of the
complex [(Fe)a(SCN)p]Ga-0*,
[(FE)a(SCN)p] G20 daaall (5 5i0 5.l s> gy cnd I &yl 35 e Tely

1.1

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

x(Fe*t)

a= b=
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Titration | Titration | Titration

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

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

Badall 3 -AENAY Lol

Problem P3. Wine for keeping

S5 09l UeSad ) Goge slall ae Cdlaaall oy S ST SUS Jolay cduaid] (6 dladle 858 SO Sl deanST S5 Jarica
OYslaadl 339 5T 0939, daky SOz culo Sl 0ol J bisulfite Jg=o OF oSew - H 0939,41 9 HSO3™ bisulfite colalud!

VY]
Sulfur dioxide, SO, is used as a preservative in wine. When SO; is added to wine, it can react with water
leading to bisulfite ions, HSO3-, and protons, H*. Bisulfite can also be converted to sulfite, SOs>-, by the loss
of a second proton.

SO, + H)O = H* + HSO3~
HSO;z; = H* + SOz*

Capnl Jio Jaidl B B35 9l SleasSIl ol gl go slall (B B35 gall o uSUl dT oo Aakal) M Syl Jelis o (San
o0 By5) JELYI 5.81)5 € gmmn 98 sy Sl ST L) SO 5,830 0] P gl gidl AsCics ol gall (p0 W yutg ,SElg diolg dna i
Py SOs*> 9HSO3 9 SO;
Zooanall 5485301 503 . bl prand sy SU1 g s SI) deaaST S A SN il Caan 4 (Soving plaie Aad ) Balall 3535 O]
e (553 09l 93 didly pandl il B9 i/ ide 100 Lis pasYI didl (3 (20991 Sl (8 oySIN denST SUS S gimnn (30 4
S/ e 150
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
concentration of the “free” forms (SO,, HSO3 and SO3*") and P.
The preservative concentration is regulated because sulfites and sulfur dioxide can be harmful to some people.
In the EU, the maximum total sulfur dioxide content is set at 100 mg L~* for red wine and 150 mg L for white
Or rose.

&394 Byalandl (Janell (I duil) CopSIl duST (JU (JSU1 385300 ol (B A1 Ulaad) g
Your task is to determine the total sulfur dioxide concentration of the provided white wine by iodometric
titration.

Procedure

Gigl Yy Jardl i ghi
l. Standardization of the sodium thiosulfate solution

(pseo9all libus 553) paasmall liaySad o dslone Blas I

1. You are given a sample of ca 100 mg of pure potassium iodate KIOs. The exact mass is written
on the label of the vial. Report it in the table below.

55l ool ( B 3 Yo 8 guall e D305 0391 S5 o puaslig ] ilagy (p0 the 100 g Wylde die csac

2ol

2. Prepare 100 mL of potassium iodate solution in the 100 mL volumetric flask, using the whole
sample of solid potassium iodate and deionized water. This solution is called S.

porsligdl Olagy (po Bllanall Ligall oS Jlaxisls dpaze> Ay (B porsliodl Slogy Jgkxa (yo Jo 100 juamiy o
S Jglall lda e cdeionized water 3)lgadl 93l yagall bl ao
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3.In a 100 mL Erlenmeyer flask, add:
e 20 mL of solution S with a volumetric pipette;
e 5 mL of the potassium iodide solution (0.5 M), using a 5 mL graduated cylinder;
e 10 mL of the sulfuric acid solution (2.5 M) with a 10 mL graduated cylinder.
1k Lo 56 o 100 gom &)l J) il
duazsdl Lola)) Somins S Jgkmadl (po Jo 20 @
o 5 gon () domptell &l ghasd)l Jlostanls (0.5 M) 1555 pousiodl dodgs dglono 0 Jo 5 @
Jo 10 lgaz> e Llghawsl Maxican (2.5 M) 0555 <oyl paa> g0 Jo 10 @

4. Swirl the Erlenmeyer flask, cover it with Parafilm and keep it in the cupboard for at least five
minutes.

BB uas B (Lgalely) clilgle Jaul Azl b LSl @bdhWL L)Vl oda ddaisy 03 ¢ Y (S gien 2 y>

5. Fill the burette with the provided thiosulfate solution using a beaker. Titrate the content of the

Erlenmeyer flask with constant swirling. When the liquid turns pale yellow, add ten drops of the

starch solution and keep titrating until the solution becomes colorless. Record the titration volume

V1.

lois . yaiunall oyl ao Ld) Y Sgimn ple ¢ yd) Nanis Llanall poadguall CliopS 58 Jolomas dolad! Hof

ke Jylomall gl i Bplaally potlg sLadll Jglne (30 blad piie bl el 5ol J] dslomoll 00 Uy
V1 gl e Joew ¢ o !

6. Repeat the procedure (steps 3-5) as needed.
drldl cen 13] 5-3 oo Wiglaxdl y,S

Mass of potassium iodate
(report the value on the label)
BLalll Je 8592 gall daull Joew

Analysis n° Vi/mL

Reported value Vi / mL
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Il. Standardization of the iodine solution

3941 Jghons Balas |1

1. With a volumetric pipette, transfer 25 mL of the iodine solution labeled 12 into a 100 mL
Erlenmeyer flask.

o 100 Lo Ll 3 Lonzs 12 28Lalll 55 351 slomo 30 Ja 25 35 cpozn oo Jlasial

2. Titrate the content of the Erlenmeyer flask with the sodium thiosulfate solution. When the liquid
turns pale yellow, add ten drops of the starch solution and keep titrating until the solution becomes
colorless. Record the titration volume Vo.

V2 ellgianel) pmedl Jomw cslll apids Jlomall granm’ i Blaally yaciasly sLadll J gloa

3. Repeat the procedure (steps 1-2) as needed.

Il caen 13] 2-1 o wighsdl y,S

Analysis n° V2 /[ mL

1

Reported value V2 / mL

I"l. Determination of total sulfur dioxide
SO2 Cu Sl weuST S o S Sgizeadl uas 11

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

2. Add 12 mL of the sodium hydroxide solution (1 M), with a 25 mL graduated cylinder. Cover the
flask with Parafilm, swirl the content then let it stand for at least 20 minutes.

dasiy 08 (o 25 Wgazx> Ao Blghul Jeaiwl (1 M) W3Sy pgadguall deuwSoydud Jokoes (0 Jo 12 1) il
4885 20 Bkl WeSyil9 S gimall > celidhldl ()50 [SVES TR
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3. Add 5 mL of the sulfuric acid solution (2.5 M), and ca 2 mL of starch solution using a graduated

disposable plastic pipette.
Slolall Gus] Jlasiwl sladdl dglze o Jo2 Jls>3 (2.5 M) 0555 CopSIl jan> dglme (0 JoS5 @ il
B9 Byl plasuil I3 ASawd!

4. Titrate the content of the Erlenmeyer flask with the iodine solution in the burette, until a dark
color appears and persists for at least 15 seconds. Record the titration volume Vs.

Jsloma g Ld )Yl S gizmn_ple @5 Byalaadl 2T oy 39al Johoros LMol @ duzr S oo B9 gall dloeaadl Junid!
V3. ylaall px> e cdl 15 Jlgod Lo 3ole 09 saba i Byl Wgihaud i1 Al ] (B 354!

5. Repeat the procedure (steps 1-4) as needed.

dorldl ced 13] 4-1 oy Wighasdl 43S

Analysis n° V3 / mL

Reported value V3 / 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.
P90 guall ilalu g Jglons Blae LSl Alolodl ciMlelail) &9 59001 dbluaSIl s lrall LIS

2. Calculate the molar concentration of the sodium thiosulfate solution. The molar mass of
potassium iodate is M(K103) = 214.0 g mol.

M(KIO03) = 214.0 g Mol psesbsd! cilagd ddgall AisSl cp g0 guall Slaen 8 Jglomal (Jgall 5551 ouan!

c(S203%) = mol L1

If you could not calculate ¢(S203>), the value ¢(S203*) = 0.0500 mol L™* can be used in the rest of
the problem.
ol 4ds (S0(S2037) = 0.0500 Mol L SMawiw! cliSars «€(S2037") inS ol gudaiand ¥ cuS 13/
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3. Calculate the molar concentration of the iodine solution.

3941 Jglona) Jgall 585001 Gl

c(l) = mol L1

If you could not calculate c(I2), the value c(l2) = 0.00700 mol L™ can be used in the rest of the
problem.

Yol 4 5C(12) = 0.00700 MOl L Jlartaw/ cliSoy « ¢(12) 185 ol aaied Y 513

4. Write down the equation of the reaction between iodine I> and sulfur dioxide SO, assuming that

sulfur dioxide is oxidized into sulfate ions SO4%".
Oy S L5 AT a8 oy S ST U5 O Usyian canpuSIN ST SUS 9 3941 o3 Juolod! Jelad! Aslas S|

5. Calculate the mass concentration, in mg per liter, of total sulfur dioxide in the wine. The molar

mass of sulfur dioxide is M(SO2) = 64.1 g mol.
M(SO2) =64.1 g mol 1 J &dgell ASI! cdaud! (5 oy Sl ST 3L S (Sgimmall yid/ ko 819y JuSUI 508,01 o
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Cm(SOZ) =

mg L
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Incident #

Student signature

Lab supervisor signature

1 (no penalty)
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