TPE_ 1

HIFad

| C h O

51st — International
Chemistry Olympiad
France — Paris—2019

—HEETRER |

2019-07-24

2013

ANNEE DE
LA CHIMIE

de I’école a I'université

201 Y

g[ .
Liberté « Egalité « Fraternité

iberté « Egalité rnité
REPUBLIQUE FRANGAISE

MINISTERE MINISTERE

DE L’EDUCATION DE L’ENSEIGNEMENT SUPERIEUR,

NATIONALE ET DE LA RECHERCHE
DE LA JEUNESSE ET DE L’INNOVATION




gl

TPE_1

AR FRIBLL 29 H -

SERIR(EAT - & Read (FH) @ T - TZIFAEE - 4 15 SN - Rk
B RIS B -

£ Start (B45)dn & T (% - TLEIBMARE(E - BE(ES ISR 5 /NG -

A E R BRI - (B E 1 [P1) B -

FrHSRNEE » WARERBERESRENEEEEEN « FHEEEB NS
FITFE57 -

WIS EHT SR PRI EEE - BT RSB MBS -
REHER > P E BRSO B R -

EFTHBIE R (P LRI KSR - &R
M EriAE - SERAESE -

BATALR, - EERsL TR IR -

7 /ERESF IChO B RIVZERRR - 5B - BB iR — a4 - EHAEAE
0 S EFEERS » BIFAADL 0 533 -

BRIEE HIREN]  EERRISES S B DU K - 7% S -
EHEIRETE e Sy 40 Sy 1 4 -

%L T Stop (1) 27T 30 Sh HRmAS -

& Stop (B11)dn S TN - AVATLENS ILRESLES - IR 1 8L (R
SRR -

& Stop (1)@ Tk - B \BETERIEE L5 - EIRAIES A BH%ES
% SRR SRS - MIERAEYIR TLC K —BfsTs) -

BE=ZeTH

TRNAEE B BT © $EFRVASE 278 2 il S AR -

DR RS A IR B BR SR - A A RRIPHR 85 -

R EERENECR ~ R -

HEetE B s E IR (F - WORFFE BRI A R Ay EOR -

R FREREI e By - R B e E b -

Mz 2RI EESRRE - ZEE A -

S TR s M BG4 > R T BV B o v e ARG

FEEYIORERE - DI SASEE - SEHEEA/KEEE0R & REIAKE - K
L EEREEEY) - WHEEA BRI IR ST

51st IChO — E{Ez& 2



HEEEAZ

TPE_1

s > BMEEATAE /K T YIRS (A RORE) LR (P mol/L For)MHE T - &
THEHEAR - AR COHE T 1 mol/L fEIE Al T -

o AR IR E 8 Avogadro's constant:

Na = 6.022-:10% mol ™t

1 FH F s 5 87 Universal gas constant:

R=28.314Jmol K™

fEEEBR J Standard pressure:

p° =1 bar = 10° Pa

K5EE T Atmospheric pressure:

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

K ZEE Zero of the Celsius scale: 273.15K
S5 i 85 Faraday constant: F =9.649-10* C mol !
FUH Watt: 1W=1Js?

T F/NEF Kilowatt hour:

1 kWh = 3.6-10°J

St HH T Planck constant;

h=6.626-103*Js

ELZ2 Ry Speed of light in vacuum:

€c=2.998108ms!

FAR# (T Elementary charge:

e=1.6022:101°C

AT E FHAE Gibbs free energy:

EEIfK Electrical power: P = AExI
BERERE Power efficiency: 1 = Pobtained/Papplied
B v -2 R T 3H BEl{% =X, Planck-Einstein relation: E = hc/z
FHAEEAE 2 Ideal gas equation: pV =nRT
G=H-TS
ArG° = —RT InK*®

ArG°=—n F Ecen®

AG = A\G° + RT InQ

Nernst—Peterson equation:where Q is the reaction
quotient of the reduction half-reaction

[ JfE a A(ag) + b B(ag) = ¢ C(aq) + d D(aq) [C]¢[D]d

Mz JFE s Reaction quotient Q for a reaction Q= [AJ3[B]°

HE A £ 20 Henderson—Hasselbalch equation: pH =pK, + log [[2;1]]

ZRHTR IR - Q BB e K e S E—E o
zF

at T =298 K, RFTInlO ~0.059 V

ELEE E1F Beer—Lambert law: A=c¢lc
2 MEHCRFE 47 =X, Rate laws in integrated form:
EER I JE- Zero order: [A] = [A]o — kt

—4] K7 JE- First order:

In[A] = In[A]o — kt

—4Jy {7 e - Second order:

1/[A] = 1/[A]o + kt

TR EHEEAEAE M E “mole L1
1M=1mol L? 1mM=103mol L!

51st IChO — E{EalE

— 4 7 -4 A Half-life for a first order process: tin = In2/k
e e N, M,
4 H 195 HE & Number average molar mass Mn: M, = ZIZ IIV i

IR
2
2 FE RS 4y B {32, Rate laws in integrated form: M, = —gi % i 1\1/\{;
Vi

%5y 5 EL Polydispersity index Ip: I,= MW
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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
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 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 1029 | 106.4 | 1079 | 1124 | 114.8 | 118.7 121.8 | 1276 | 1269 | 131.3

55 56 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs|Bafpsrma | 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|%; | 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|Tb |Dy |Ho| Er |[Tm|Yb | Lu
138.9 | 140.1 | 140.9 144.2 - 150.4 | 152.0 | 157.3 | 158.9 1625 | 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

I\(PT\\°”
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ARAE FEELHY GHS fElg R (H-2HH) B4 T ¢

Fmp s

Physical hazards

H225 fi Z ARSI ZE R

H225 Highly flammable liquid and vapor.

H226 Z 8 RAGHIZE SR,

H226 Flammable liquid and vapor.

H228 778 A -

H228 Flammable solid.

H271 mIRES [FEK SEEOmIE © smsa (A -

H271 May cause fire or explosion; strong oxidizer.

H272 TTRE @Ik ;LR -

H272 May intensify fire; oxidizer.

H290 RIRE/R e E

H290 May be corrosive to metals.

(Y- R Health hazards
H301 &4 %H - H301 Toxic if swallowed.
H302 GEHF = - H302 Harmful if swallowed.

H304 75 el 4 AR i m] RE 22

H304 May be fatal if swallowed and enters airways.

H311 i Fe e g h s -

H311 Toxic in contact with skin.

H312 B /A =% - H312 Harmful in contact with skin.
H314 & e B B G RIIRIB RS - H314 Causes severe skin burns and eye damage.
H315 ¥ E7 & - H315 Causes skin irritation.

H317 AIRES [FEEZ L -

H317 May cause an allergic skin reaction.

H318 gz e R {FHR M

H318 Causes serious eye damage.

H319 g E R AR -

H319 Causes serious eye irritation.

H33L 0 A 7 -

H331 Toxic if inhaled.

H332 I A 5E - H332 Harmful if inhaled.

H333 I A F[EERZE - H333 May be harmful if inhaled.

H334 1 A 0] G5 & 20 4% § ~ E20m s 05 [ | H334 May cause allergy or asthma symptoms or
e o breathing difficulties if inhaled.

H335 ATRERFIFERE

H335 May cause respiratory irritation.

H336 n] fElEHf sliH & -

H336 May cause drowsiness or dizziness.

H351 AIREEE -

H351 Suspected of causing cancer.

H361 RIREfRE A4 B Ae IS R Y425 -

H361 Suspected of damaging fertility or the unborn
child.

H371 AIRES 88 B SRS S -

H371 May cause damage to organs.

H372 RN AR G ESE -

I

H372 Causes damage to organs through prolonged
or repeated exposure.

H373 RIS A Pl T RE B E -

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

BBE3 Environmental hazards
H400 7K A Ypag MR - H400 Very toxic to aquatic life.
H402 KAy ZE - H402 Harmful to aquatic life.

HA10 B K A A -

H410 Very toxic to aquatic life with long-lasting
effects.

HA11 $pKep AEYrE Sl R

H411 Toxic to aquatic life with long-lasting effects.

95
HA12 B KPR B T E -

H412 Harmful to aquatic life with long-lasting
effects.

51st IChO — E{EalE
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e E‘Fﬁi@ﬂﬁfﬁ
Chz;nicals

Labeled as

GHS Gt
GHS hazard statements

FH-F7K Deionized water in:

- R (B L)
Wash bottle (bench)

- EREBRAN(ERE
_F)Plastic bottle (bench)

- RN (HRER)

Plastic canister (hood)

Deionized Water

M

AR =]

Not hazardous

LIEREEHY A

Ethanol, in a wash bottle Ethanol H225, H319
HB T 0 3 300 ZEFHEEIRIA
ARG A Sample of white wine, Wine sample H225, H319
300 mL in amber plastic bottle
BEfEP1 (For problem P1)
B BRR GHS Gk iER
Chemicals Labeled as GHS hazard statements

A-THECARHEE » 151 sedsfii iRt
I EEHRA 4-nitrobenzaldehyde,
1.51 g in amber glass vial

4-nitrobenzaldehyde

H317, H319

JERHIR A > 20 ZTHEHFEIRA

H225, H290, H304, H314,

TLC

Eluent A, 20 mL in glass vial Eluent A H319, H336, H410
[ERHI&E B » 20 ZF-ZEH BT ESHEA Eluent B H225, H290, H304, H314,
Eluent B, 20 mL in glass vial H319, H336, H410
Oxone® (A S S

Potassium peroxymonosulfate

salt) > 7.87 Sl BRI Oxone® H314
Oxone” (potassium

peroxomonosulfate salt), 7.87 g in

plastic bottle

FHR: TLC HY 4B B B AL o

Sample of 4-nitrobenzaldehyde for TLC standard H317, H319

51st IChO — E{EalE
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B S 1 M potassium thiocyanate
solution, 20 mL in plastic bottle

G BER R GHS Ei#iEnr
Chemicals Labeled as GHS hazard statements
1 M 1 &\ i $F (potassium
P RS =TLALEAYE
thiocyanate)i &l > 20 Z7H4<hiv 2 KSCN 1M H302+H312+H332, H412

0.00200 M 77 & Ji% £ (potassium
thiocyanate); 7% » 60 ZF-255° 8
FE3E 5 0.00200 M potassium
thiocyanate solution, 60 mL in
plastic bottle

KSCN 0.00200 M

e

AR =1

Not hazardous

1 M #& &% (perchloric acid)&
K 10 ZTHER SR 1M
perchloric acid solution, 10 mL in
plastic bottle

HCIO,

H290, H315, H319

0.00200 M Fe(111);5% - 80 =7
HEFA AR R 0.00200 M iron(111)
solution, 80 mL in plastic bottle

Fe(111) 0.00200 M

ME=E

VAR =1
Not hazardous

0.000200 M Fe(111);54% > 80 =TT
Sl ¥RRE LA 0.000200 M
iron(l11) solution, 80 mL in plastic
bottle

Fe(111) 0.000200 M

=
AR =1

Not hazardous

0.3% %L & (hydrogen
peroxide)i&iK - 3 ZFHEETTRIH
EE RS A 0.3% hydrogen
peroxide solution, 3 mL in amber
glass bottle

H20,

.
AR =1

Not hazardous

51st IChO — E{EalE
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—
LT

Chemicals

Labeled as

GHS Ei#iEnr
GHS hazard statements

0.01 M #i(iodine)& » 200 Z 714
PAErEERfH 0.01 M iodine
solution, 200 mL in brown plastic
bottle

H372

0.03 M Hii (LA B M (sodium
thiosulfate);757% » 80 ZEF[-HE A AR
5 0.03 M sodium thiosulfate
solution, 200 mL in plastic bottle

Na,S,03

= d
==
AR =1

Not hazardous

1M @A LiR(NaOH)JE - 55 Z 7t
AEFAYHERSE - 1 M NaOH solution,
55 mL in plastic bottle

NaOH

H290, H314

2.5 M T (sulfuric acid);z1% > 80 =
FHEEFA ARG 2.5 M sulfuric acid
solution, 80 mL in plastic bottle

H2SO4

H290, H315, H319

0.5 M /£ #H (potassium iodide);
K 25 2RSS 0.5 M
potassium iodide solution, 25 mL in
plastic bottle

Kl

H372

% £ (potassium iodate) - K45 100
2 (EREEREE )N,
F#E3fi 5 Potassium iodate, ca 100 mg

(exact mass written on the label), in
glass vial

KIO;

H272, H315, H319, H335

Bty - 25 2R BT
Starch solution, 25 mL in plastic bottle

Starch

.
AR =1

Not hazardous

51st IChO — E{EalE
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B AZ84F Personal equipment

HE Quantity

22 ER Pipette filler bulb

1

274> H $5 Safety goggles

1

1 A EEYIZEIBNE - B2H “HHEEEY) Organic
waste” 1% 1 L plastic bottle for organic waste,
labeled “Organic waste”

1

aftrf1 Paper towels

15 5E sheets

524l Precision wipers

30 5E sheets

dil~") (X) Spatula (large)

1

H1~] (/]N) Spatula (small)

Fh4% Stopwatch

$25 Pencil

#7425 Eraser

H45 Black pen

BT F A B 25 1 _ Felt-tip pen for glassware

< Ruler

N I I R

284 Shared equipment

& Quantity

FAA#ZE TLC AYR4ME UV lamp for TLC
visualization

S E R WAL 2 per lab

SEfEET Colorimeter FEEyE A 5 per lab
AN FEIRE R EEAL
F%# Gloves All sizes (S, M, L, XL) available

upon request to a lab assistant

JK#gE Ice bucket

5 —(E 1 per lab

E{E P1 (For problem P1)

Personal equipment

Quantity

Hhn Y 22415 Laboratory stand with:
- /INg&7Z Clamp holder with small clamp
- K8 Clamp holder with large clamp

1
2
1

100 ZFHEE I $EHZ3# Erlenmeyer flask with ground
joint, 100 mL

50 ZFEE 1§25 Erlenmeyer flask with ground
joint, 50 mL

A3 4 5% Reflux condenser

HNZEEREZE Hotplate stirrer

AT RS 72 Crystallizing dish

fi 17 ¥8+EF Magnetic stirring bar

HhEE Suction flask

T ARIB EHC os HIAT EC R

Buchner funnel with rubber adapter

N I

51st IChO — E{EalE
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3 TEJEAR AL SROSHE Zipped bag with 3 pieces of

filter paper L

B (NAT4HE)Petri dish 1

TLC EBdfE - f25C0/ “TLC elution chamber” TLC 1

elution chamber, labeled “TLC elution chamber”

RSN A 3{E TLC | (s yttanml) o I

BG4 4ok Zipped bag with 3 TLC plates (with 1

fluorescence indicator), labeled with Student Code

B TLC R VB4E (fERF&IlH ) TLC graduated 4

spotters (in the Petri dish)

¥l Plastic tweezers 1

I FE % Glass rod 1

25 ZF}-= 5 Graduated cylinder, 25 mL 1

150 ZF1-J#fF > Beaker, 150 mL 5

YARE = Plastic powder funnel 1

fh =PRI & Disposable plastic pipette 2

HETH LS Z2THFREHMANE TLC K - 77

A R B C A1 R Amber glass vial, for TLC sample, 2

1.5 mL, with stopper, labeled C and R

TNASEANRE - B EBRIIEOEE 10 215

T#3E Pre-weighed amber glass vial, 10 mL, with 1

stopper, labeled with Student Code

FERET-144 I Magnetic stirring bar retriever 1
BEfEP2 (For problem P2)

Personal equipment Quantity

10 ZF#%E » Volumetric pipette, 10 mL 1

10 Z2FHZIE &% » Graduated pipette, 10 mL 3

5 ZH-ZIE &% » Graduated pipette, 5 mL 3

B 28 Test tube stand 1

& Test tube 15

& ZE Test tube stopper 7

e AERE 10 5% )

Colorimeter cuvette, path length 1.0 cm

100 = F1EFF - Beaker, 100 mL 2

HEE=C P4 Disposable plastic pipette 15

51st IChO — E{EalE
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Personal equipment

Quantity

e R A E B =7 22 Laboratory stand with burette
clamp

1

25 =T ER » Burette, 25 mL

I FEt% R} Glass transfer funnel

100 ZF$#720H » Erlenmeyer flask, 100 mL

250 ZFF§EF2HE » Erlenmeyer flask, 250 mL

150 =S #FK Beaker, 150 mL

100 Z &R Beaker, 100 mL

100 ZFEZE T+ &=# > Volumetric flask, 100 mL,
with stopper

50 ZF#%5%% » Volumetric pipette, 50 mL

25 =147 Volumetric pipette, 25 mL

20 ZF1F£15%E Volumetric pipette, 20 mL

25 ZFf&=F > Graduated cylinder, 25 mL

10 Z7&=7 Graduated cylinder, 10 mL

= A5

5 ZF-& 1 Graduated cylinder, 5 mL

RiRrRrRRPRIRP P (MRPlWW|[R|F~

EE =0 Disposable plastic pipette

3

EFCIRE Parafilm

20 sheets

51st IChO — E{EalE
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BE P1 s ER &R TLC P1.1 P1.2 &t
(5 [iioay 12 12 8 2 3 37
13% =Y

IR — (£ &G LBRY T EORERIE 4- T EAEHRH S (LA E

BERTFR > KT ERDEEGRNEEREY - (2R AEE SR LBRE T E A LB A Z 0T
SOTERIRAFAERE - $t¥ Bt HEE - ARREEEE B AL S (potassium peroxomonosulfate)
RAE Ry EALR - RF S 58 1% A & e A w55 H T AVERBEEE - & B A B S syl mIE
JE L 4ifH Iy Oxone e

B AGER - R AN BT /KL LR IA T 24 TP T » L &30 n] B R B R &k B/ (green
solvents) -

RERT - REVERER 4-HEZEFE (4-nitrobenzaldehyde) EITEILNNIE - ZERFERIKEKEIE
EVIETHERRSAE - BEERAEECE SR (TLC /) » SHEYBEREYR RN
[ (eluent) HETHEEE T (TLC) DIRER EMRVELE -

AR B BB bR R A B ARSE A HBER” (Organic waste) B -
HE DR

F 1y A-HEFHEE (4-nitrobenzaldehyde) V& B E
1AF R RE 20 mL #Y BT 7K K 5 mL fY 2% o

2 BB PET IO 100 mL Ay EE CISEZ R -

A | - I CFPArHy 1.51 ey - ECR R ASEONN - JDA EACPER 1 2500y
ZBE7KIE IR - P/ INEACBRAE ST G [ A 2R R B FE s 1% - BERIBRER SRR - 2
AR} - FILAS IRy 7.87 Hify Oxone

44008 1 FR > St it AEE (reflux condenser) - SIZERHESED L 2 88 & HIALE - 2B4E HELP
R I BhEG @A TR 2 Al /K R R s -

5. DGR CREE DS [ 1 i By 2088) )7 A IR S IR AR FHAEA 45 o788 - IEMREE
asHYRCHTIE i DAAERFRTRRAVAELAGIRRE » 0B o] 5170 -

[A)
1 = KK
== = PPN 7
[A)
sﬁ
it

1. s

51st IChO — E{Ez& 12
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6 BEEEMIFR SRR - FENERAVESTRAEZ AT /28] 10 775 - EREPHEBEA SR K
TKEVERRR B 2 N 7Ka 2 AN AR 10 773 -

T FIRERE AR - IR NI - SR ELZE SA T » 40E 2 FT - SRR
HELP 1 - LB S AR sori -

|

2. HZEHRAEE

8. DAL HE /K ERIEA - WHERRIS R o8 & A R ERYRTA LI

9 FFH HZEHIE - i EATHH YR REIAAGR R+ - &L 20 mL A T/K IR
HEBREY) - 2/ 4K(4x20mL) -

10.RF @A ZEAlE 5 0l > DURRZEEY) - PUEHIRE - FEER/ NG BRI (e ek LS
ENEY > BN C IFREA AR - B DIEMESS N E s -

118K ERra Ry ERG =5 AL 50 mL BYEELISERZ AP -

125 R BIA A 1SR (Organic waste)fffl > IR s /KU B e AT B R A Al R AR 12 48
B REEREAUKA R EEBA AR -

1 8y EYRIEER
1. R RS 9 mL AfEr7/Ki 21 mL Zf -

2. MA/VE EHCEER 1 HERESHMEYY 50 mL BN - S AE 1 Ay
FIEEE - EITHEEE - B|IEIRAY HELP KA - HERFBIEEEAGTR 241K R hiEdR
s o FEIBIET - BT EENE SRS A EY) - AT A5 E e e
N

3. WFEENHERE - FIEYISE R o SRS | B ER 7~10 WERERS - FEER/ NN
LRI (e AR EEEEMEY) - AR R ARG iR+ - BBmZELEIESE 1
o HERRER -

51st IChO — E{Ez& 13
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4. BB 4 EAYE RS 2 ER ANEA IRAVER A 45k (TPE_L) AVEE Sl » BEIME -
5. HIEREBIAFHES R (Organic waste)ifiH + #B#E HELP KF » BiZig KRS 5K ©

F S A TLC RETEEEEIT

1 24T REBHME (TLC elution chamber)  {EERFHIENNIALY 0.5 A7 = HIERK A (Eluent A) »
AR I ST (AU EILRES /N - RBNEES 4 XBWME - mE S 2
) SR AR BRI AR, -

2 SEHEIATIRATRER, © IR — (BT TLC standard(&75 4-BYREE D HESES, - & M
e SLBEAE TLC BB > TR0 S 5 [ER(E C AT RMESIAL 1 mLIZE > (HFEEHED
AR -

MR TLC F - (HHI#HEE R HO R [ THVRLAGER fe b OTRVE SR (S84 1 em) > 41
3 AR MR = AR AR AL ERS - 7 AR S ~ COHEY) T R(FFEESIRIVED)) - 4£ TLC
e EAR T IREVER AR SE (TPELL) » [FIRHEA AR T IRATE AR (Eluent A
2 Eluent B) - F =7 EBME 7R S~ C R REETLC / k-

Student Code Eluent A / Eluent B
N

R REEEEE F----- 1---1
lcm¢ S C R

3TLC F Y%t

4T TLC S3#fT - (T TLC |/ PRI S - W12 NZE EREm - SRR L
THE TLC |7 _Eimé& (400 fEAs 1LV TLC /o AR R R BRI -

5. TLC R - % TLC F REAENL P AHERYESMSEE(UV lamp) - HsEEE AT ARE

EFEIHIPEEL(spots)

7. FHEERRR B (eluent B)EE{E E41 1, 3,4, 5 K 6 HYZD B -

8. TLC A BARS A IRAVERE SRt (TPE_L) HYZCHELSPY -

51st IChO — E{Ez& 14
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REY TLC S3ArsS RORIR IRV E BRET R BERELE ) - R AT LUR AT 2 2RSS Ram 4 1 78
TLC FoniElE L - i a IR EE NYIMHEIRIERE - [EEEE A gt -

TPE_1 Eluent A TPE_1 Eluent B
R R l------ 1---4 }--- po----- l------ 1---1
S C R S C R

HERGEHR > i B ABRGUE NI -
- REA IREVERAE GReE (TPE_L) Y AES (REVHSE S E VIR
AEA IREVERE Gmst (TPE_L) HYZCHELS » #mAeA IR TLC (A & B)

W EL) 5 (Submitted items)

4ESLEY)(Recrystallized product) o

TLC H A O
TLCH B O
244 Signatures
B3 A4 Student B2 A\ = Lab Supervisor

51st IChO — E{Ez& 15
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il
1. EHH 4-FESR RS Oxone #ETRLIM ER IR AR EYIHISER - .

2. MKBIREY TLC iR - 1% MR

. FILEEREAEI S (0T R BRI SS R 7

oA OB

. HEVC)aHVE 4-HEFEHEE

of (True) 044 (False)

. SR ERNVEYIR) 2508 4-HERTEE

o (True) 07475 (False)

51st IChO — E{EalE
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B I E 8 1EEREHRY,
gwEP2 | P | o ion Iron P2.1 | P2.2 | P2.3 | Stoichiometry | P2.4 | P25 | &t
{E4EsYy determination determination
14% LW 10 6 3 4 3 9 3 2 40
B/

BF P2. HhEraE

HUE R EH T FERTTR © EEAREREA 10 £ 15 mg/L i - Fe(I)&#E bR Fe(lll)
BECHR S E NE A CRIMEE - NI E RS R PRt T S 2 & -

A S PIR R - ATR AR AAE Fe(N) AR EELAREE T (SCN)FT YA (s &
VI EEBHHIEE -

AR R ERE Bl T EEVRE - AHE Fe(111)- HAERRE S ESR -
B

. EARRET - KRG IRER A FIRELR Fe(IN) AR > A1 —fEA FR RSB AR -
SRR IO R ©

. BRI AER: - DRI ARURERAR —/ NEF A S8 RO e FE B BC 8% -

. EVRFREOLESTHY - B4 HELP R - BhEet & oo fcsa IR — et Es ki R 25t
SCEEIRVE R b (R AERESOUERT 15 Sy EEHE - EIRseilE=k 15 /7
2> BB G UEDLERT » BIREE AR A ZER - G AF AR -

. SR ERERHE T —H
. AR AT = O R
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St GEFARR

ROEIEIEYEAR TR

i ,,
R HEATE L
A ——— BHER
gt
5
l St RE

OK f# !

. e EHEE
. BRI Y% & (Absorbance)” L #R~ » 5 REUR » A E) g B 2 % w5 R SEEE
“Absorbance”iE » % |~ OK §# -
. WEEEH > B2 AR SEAE R T2 (470 nm) » $ OK §i -
. JEMTE (cuvette) 5L 3 om S HYZE HAIRIRILASEATRE S « Z/NOEAJT A (R aE
st EZTEIREER o EH T RS AR b S ETEATR 0 BT E) o R E T
BEER - ELET -
o EEEH H 2 R SENE TERAE RO /E (Absorbance)” » % T~ OK §# - F{sEF st -
Jig B HURFLIE(Calibraion)”5Ei#E » #2 T OK i -
. A E R 0.00(2( -0.00)
. FHEEAZ) 3 em ik S R AT B A » & EET -
. SEHUR S -

S —
+ s
g —
A g i | erEne
: § ! : B

______________________
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l. HHEESERHIE

EEE 5y » YREE{ER 0.000200 M Fe (1) A1 1 M KSCN &K °

ERIE

1. Aol 6 e EAR - BB T RATIUA R ERT IS EAC S - (BERERIEYL)
B Gma # 1 2 3 4 5 6
0.000200 M Fe(111):%
- B | 1omL | 20mL | 40mL | 60mL
/
1M HCIO4 5% 1.0mL | 1.0mL 1.0 mL 1.0 mL 1.0 mL 1.0 mL
i}
(Wine) 10.0 mL 10.0 mL
H202 /8% 0.5mL 0.5mL
z%ﬁ* 95mL | 85mL 6.5 mL 4.5 mL 1.0 mL
Deionized water

2. sVEE LG EE - BRegs -

3. 123 45 FREDHPIA 1.0 mL Z 1 M [y KSCN 5K - 5 6 SREEARI -
aEE PR  BRE1YE -

4. FFTHRERCHTE B8 HELP - - (BN BRIV LT -

5. (IBRIAURIE(REE 18 H)BHEEHOUERT » BEN &My 470 nm - R EEETKIERZERS
R -

6. ST LAV (L 5 O)EIL I RATRILE - A TR - 848 HELP JE-F > BRiEerisat -

Tube # 1 2 3 4 5 6

k7 ¢ & (Absorbance >
470 nm)

sl Fe* R

c(Fe¥) / uM 16 32 64 96

Colorimeter code

JEREET 5
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)
LR 15 4 2RO A BN Fe R -
0.8
A
0.7
0.6
0.5
0.4
0.3
0.2
0.1
o(Feg+)F vt
0
0 10 20 30 40 50 60 70 80 90 100 110
£ R AEE S P UERM BRI E ST -
B IR # 1 2 3 4

R EE A B F e

2. IS ATEEEAIREE NS - EHRRRITREESRATE S RHEE 5 > Fe 2
FE(BL pmol L1 E07)

C(F63+)TUB|55 = umol L

BRIREER ] c(Fe™) R/ » L{c(Fe®") =50 umol L - FCA & 4/5e

51st IChO — E{Ez& 20




3. FIEHE T EAVE B Cm - DIBAFVE R mg L Fox -

TPE_1

Cm($5K)

mg L™

51st IChO — E{EalE
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. ARESEEYZALEN
FEEERSY » FRFEMEFT 0.00200 M Y Fe(Ill) 5 3R1 0.00200 M 1 KSCN A

TSR

FEATEES | B3 - Pl TH P S B s (1) 38 SV HIBR e B b an T AR © 55 10 #057HY
H 2 BERE T [Fea(SCN)o] P M E SV CREURIC K 1) ZABEES » a Fl b KR iddil 3 2 %%
# e

BEER sy SRt FAIOER

e 0.00200 M Fe(111);Z55% (E4 1) (80 mL)
e 0.00200 M KSCN 7:%(80 mL)

IRAF R EVE (TSR R 3R ~ ZIEREE ~ YETE - ST (R ER )R
FTE RIS ESAT -

LY N RAAT =S > A e DR IR A B N B AOR E g o7 b ARV EE -
IR AT A - WA T2 s8R —SE P Z Fe(INHEH 33 -

Veeqm

x(Fe3t) =
( ) Veeamn + Vsen-

BVE SRt 7 8 9 10 11 12 13 14 15

0.00200 M Fe(l1)%
TRHGR

Vreany / mL

0.00200 M KSCN &
IRASTE

Vsen / mL
Fe(l11)ZH.75%
x(Fe*)

Kz Y& (470 nm)

JEREET S

Colorimeter code

2 EFTHVE S RECR4E - S8 HELP [ (EBhBUE ISt EsT -
3MIBATAUIZ (RS 18 H)BEMEEF SRt - B R/ 470 nm - ERRBET/KIE B2 B -
4 LB T EFE I RAVIROLSE - EARTRS -

RE
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4. REEHENROLE A Fe(IINIVEH 733 > x(Fe™) - {EH -

5. MRIBIRIVEEREE R - ESE S PI[(Fe)a(SCN)p] P 2 (B 22 -
11

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

x (Fe't)
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BE P3 R Hlﬁ /E”% ’E:F P3.1 | P3.2 | P3.3 | P3.4 | P35 | &3t
(2 P 10 10 8 a | a2 2] 2 | a

13%

(S22l

BIE P3 &R

SR (SO2) 5 F & &7 B AP IR - & SO A& &R T » BEI/KS T84 K EA L
HSOs( bisulfite; SiR G S ARS8 HY « HSOs 0] DIFF4L 258 i H 4Rk SO3% (sulfite; Goff
M AR EET) o
SO2 + H20 = H* + HSO3~
HSOs = H* + SO3>

SO AE/K Ty =FEAF A > ATEARIR & chEI L SPGB ~ Suft ~ BEESE) EREDI P -
FiTLL SO2 /M INHYAERESE - FHE A = EAY=((SO2, HSOs", SO )R EL P R EHILEA -

ARy HSOs™ B2 SO #4556 A\A'EE > DAIIEL A 48 AN SO2 1E Fulv/3 IR H e e R FEE <2 A A

#i o TEBREH - SLATEE HHY SO2 B IE » PRIy 100 mg L™ 5 (A&7 B B 4L AT &0 o
SO HYF AR » PRI A 150 mg L

ANREN FH BiR 7 7k (iodomeetric) > JHIGE AR (LAY E BB AR Th > L SO HYHEIRIE -

HER

. B (BB SR TR A B E

1. {7 —{E%Y 100 mg HyFIRLAL SP(KIOs) ik an - HiutghEE BT ER THVIRES - R EEE
BN -

2. /1 100 mL HYE B BfET7K > R A i ¢ EI A ECBY AR 100 mL Y KIOs /KA - It
BIRAEE Ry S

3. f£—{[& 100 mL KYSEFZR P IOA FFAR:

o (i 20mMLARE > HL 20 ML 1Y SIAWK

o fHASMLAVER > B5mL05MKI &R -

o fHA 10mLAYER > B 10 mL 2.5 M H2SO4 5% ©
4. B SR E BB O (Parafilm) » RSEHE - MREBEFHiET 205 575 -
5. {# FEME IR AR IR BRI A RIEATE CE T HE FVSER A AR o ek
BRI - SRR IR =R - JIA 10 JErEN (Starch)) &R » #E R E
BHIENARERR D - &0 E T HREN A RS FE (V1) ©

6.HFEE > HELEE 3RS -
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i SV

(EH ?%LE@Q%ZTE)

TR n° Vi/mL

1

2

PRAIBUE V. / mL
Reported value Vi / mL

1. BUSTR (12) WEEE

1. (R > B 25 mL ATk L Rusk - B A 100 mL (s -

2. [ NaxS:0: 8% » rERTISEZ LTI LIARK o &R T rasR HER R = ERE > JIA
10 SEHYEy (Starch) 75k » WBERETE @ BIAREBKMAD - L8 C ISR A TR EETE
(Vo) -

3. iFEHE - HEDER1~-2-

KB ne
I V2 / mL
Analysis n°

1
2
3
FRARVEYE V2 / mL
Reported value V. / mL
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. Z&(EHEERNEE
1. EEFIRIRE > B 50 mL HY#g & s - B A 250 mL HUSEH T -

2. DL25ZFAMER > EE12mL ~ 1 MY NaOH &% @ JIASEE 1 AR T - M DIE
BRI - e #ER% > FFEE/D 20 /i

3. FEEREHEE > HL5mL ~ 25 MY HSO4 R » SHHMNIUREY 2 mL BB S - A
A5 2 KSR -

4. DUBEE TSR - B LHSEPR TSR - EEREOHEIRE 15 AL &
SRFTOHFEAVAGTR Vs -

5 FFHE > HENEEL-4-

SHRE n°

Analysis n°
1

Vs / mL

2

PRAHVEUE Vs
Reported value Vs / mL
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il

LR T4 AE NapS:O03 /AR T Fr A HY P S e -

2. BB NayS:00 7A N HBS R SLHRIE © KIOsHYSLHE & M(KIO3) = 214.0 g/ mol -

JEE(S205%) = (mol L)

HIRAFER 1 S205° /% » £{0.0500 mol L™ fHJ% 72 48/ -

3.EE LA EEREEEEE ?
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M) = mol L

HIERAKFER H1 2 A8/ + £ 0.00700 mol L™ fH)3 72 48/ -

4. BT 1281 SOz S e S e 5 ek SO2 &ALk SO

5. STRATEIIHE AL - SO MERMVETRILAE (g/L) - SO2 LB Ry 64.1 g mol * -

EERE Cn(SO2) = mgL*

51st IChO — E{EalE
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PENALTIES
Ei B4 EREEGEREH
Incident # Student signature Lab supervisor signature

1 (BBE—ZAHD)

1 (no penalty)

2
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