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Name: Code: IRN

Chemicals and Equipment (Task 1)

Chemicals (the actual labeling for each package is given in bold font)

Risk Phrase” Safety Phrase”

~2M HCl,* solution in water, 50 mL in a R34, R37 S26, S45
bottle

~0.01 M KI3,* solution in water, 10 mL in a

bottle, labeled “I,”.

Acetone, (CH3),CO, M =58.08 g mol'l, R11, R36, R66, R67 S9, S16, S26
density = 0.791 g mL™", 10.0 mL in a vial

Acetone-dg, (CD3),CO, M = 64.12 g mol ™, R11, R36, R66, R67 S9, S16, S26
density = 0.872 g mL"™", 3.0 mL in a pre-

scored ampule

" See page 3 for definition of Risk and Safety Phrases.
The exact molarity is indicated on the label, with the concentration given before the name of the
substance.

Equipment - Kit #1

Kit #1 ;3 5990 Jsluy

Gl ol e Ol L oS glaid g S @
Jﬁéb))b)‘)@)id‘“dbjbiﬁb [ ]

ol C).MO,?_S me»uwabntSl-mL wl:;\ul.:g:ﬂ:uah L

(C,-w‘ ol AJ\) QL.:,_' gf}: Caen L ) e
—| 1.00 mL —{ 3.0 mL
_| 075mL : pomL Iy e C)J.A 0.50 mL s u,ul.:ia L S 3-mL Lf'lf\ LAT" S 00 °
—| 0.50 mL - . . Cfone . "
| 10mL (w‘ ol oala QM%W)J)W
-| 0.25mL _
\/ \/ (stopwatch) Jiows b @
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Name: Code: IRN
Risk and Safety Phrases (Task 1)

R11 Highly flammable
j.i...ﬂ SR WY
R34 Causes burns
355 o0 S s &y e
R36 Irritating to eyes
LS o ol sl ol 6l
R37 Irritating to respiratory system
LS o slo) Sl kS s 8
R66 Repeated exposure may cause skin dryness or cracking
St o Sy S S (S e ) Se ol
R67 Vapors may cause drowsiness and dizziness
358 253 5 SISl Lo e sl (Sen OF
S9 Keep container in a well-ventilated place
AL Sla 55 els g 5l aS a1 Sl 5, b
S16 Keep away from sources of ignition
A3 LI5Sl e Sl 03
S26 In case of contact with eyes, rinse immediately with plenty of water and seek medical advice
oS s 1y (S sle o5 5 A sdo O Sl ol s bl b mled Oy 50 2
S45 In case of accident or if you feel unwell, seek medical advice immediately
LS sy (San gl ao s 0 el D50 o
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Name: Code: IRN
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Name: Code: IRN
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Name: Code: IRN
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Name: Code: IRN

Run #

Volume HC1
solution, mL

Volume
Hzo, mL

Volume I3~ solution,
mL

Volume
(CH3)2CO, mL

L0 sl e Y Ol

S 513_ QJ.J

S o b ol JS S G Y e 5 25 s 53 15 (CD3)2CO0 o553 02l 5l 355 s (D)

Run #

Volume HCI
solution, mL

Volume
H,0, mL

Volume I5~ solution,
mL

Volume
(CD3)2CO, mL

Ll sl e3Y Ol

S ¢I3- Q.L.:J

1d

2d

3d

4d
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Code: IRN
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Name:

Code: IRN

o5 1) 053008 O 5 s (55 O sl & S (s 208) ST 4550 (d)

rate = — 20l = k[(CHy),COI™ (151" [H*]P
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Name: Code: IRN

el S5 50 S (S it STy el 55 3 IS e L gl s (S Sledbl 5 eslizad L (8)
J=1e aen 5 Gl RIDLS.) o s oS pns al o 5 LSy 5l SOl ol anii g O gnal O ol (gl (S
ol b s (2ST A5 e 4 L S ol iy o ol 4 sy w0 OF 51 LB

ens 13 X)L (V) ledle ((2S1s e ol Ot ool 53 23 o 3
2L RD.S)) o 0 liS s dlm o el 10 01 S 55 pl b old Cad) ot o 37 0l el | ol oty 36 )
(Sl e 5 e Ot eesn 53 S szl (X)) Cdle Sl SE5LLL 81 5 das 13 (V) S cadle il S 5L
Sl il RD.S)) o e 0siS pond o s o 01 &S 55 opl b of Cand) o oww i oulid el o sig ) 1 )

S oslizal (X)) cothe 5l SESLLE ST 5 s 13 (V) S codle

556 LRDS. |  _yss fLRDS,
HO+
A omor — A e
HO
)}\ +H,0 —> /K + H30*
HO+
/& - )I\/I rer
+
)I\/I +HO —— )K/ i
10

The 44™ IChO — Practical Examination. The official English version



Name: Code: IRN

(Y olesl) Jendly giws

el ol 5 sl Jodr oY bl gl i VW Lol Oloezal

by S35 i3 V0 a3l g d 5l IS S ) sl 0 6l

Als Cds aids $O g el ¥ Y u:.iujﬁ,t,,;\é\ﬁ

06,5 Wb s osls (STOP) sy 5 zes 55 552 ools (START) farb oilrl ek 4 a8 S g5 0 5 Jhlesl Wil e B
i g gws SOl A 2,8 e Gl gl e Lt s Osel 4 aids O o3l 4 B se 55 S (i Sk 4 |

3o50 LU L H 5 g9y 35 el S I Ll SIS e oK lesl Wlid)lS ddley (BU 355 LIS e )3 i o3ls (STOP)

IMQW]J:KJJJ"M;S

(s 85 () iy / s

j_ﬁﬂ oIy AL Sls s 4SS KK s TLC plate

Col sl Lasin “Product” cudle L as L

S b o) Sae 51l Al [ pam sl s & Sde 53 cdzes [CHO (013 L Gilae aal dol 8 cules w4 p3le Lo
‘)‘45;;.&\):.@_:.,\.:)‘)L5¢fb LS)L\A.M.;J }]‘}A Jéj .L:As dﬁu:\aﬂl%d);ﬂé\f )‘}:‘)‘ J\..\s oalaial DMfﬁ dl:u”‘fdsdbby
S eslital yiSws

»wa))k.wjzﬁaﬁwwuw\
.@swé&gujwu)\su_4555;t)Q&Qujcﬂlr;v;\li.\wt;g\,wwl;)\ygﬂum@b;\
.-L:ISJSJ.:S\}Sd&m\o“@ﬁjﬁjéwé\ﬁswjbﬁé

oSS eslizal sle I 5 oS eslazad el eals S5 4 3l ks S cﬂli sl

J.:.S odlaial ol ool uLM} J:.J.-LA )\

g‘.mb:)‘\.)w\;szsﬁQ)L_J;\.:ridqjc_:;.é%ﬂéﬁ:&lg—ﬁl)éﬂgﬁl.wﬁoﬁwéu&upﬁbéﬂg
S eslaal W asts

A 3 el Lasiie “Broken Glass Disposal” ool Las 3L s 15 e sslinad gl Jby 55550
L5 Sl ol Laseie “Liquid Waste” cosle Las 35 5315 b Jolows 55 550

S hay Sl s a il 4 Js 3 pd w3 S sle e ol L 6l el (BLot AT Gk L pland 3lse il

S5 o S ek Jes Olotel 6 0 ¥r 516l

b S el S5 s lasl s Sl i s oy ges s Jah (il axdls (L Ol o) dw:l.fll@@@ﬁl

The 44™ IChO — Practical Examination. The official English version



Name: Code: IRN
1 18
1 2
1.00794 4.00260
1 H He
R ) 13 14 15 16 17 1.40
3 4 Atomic number —»| 1 &«— Atomic weight 5 6 7 8 9 10
6.941( 9.01218 1.00794 ) 10.811 | 12.011| 14.0067 | 15.9994 | 18.9984 | 20.1797
2 Li Be H | «— Atomic symbol B C N 0 F Ne
0.28 € Covalent radius, A 0.89 0.77 0.70 0.66 0.64 1.50
11 12 13 14 15 16 17 18
22.9898 | 24.3050 26.9815| 28.0855| 30.9738 | 32.066 | 35.4527 | 39.948
3 Na Mg Al Si P S Cl Ar
1.17 1.10 1.04 0.99 1.80
3 4 5 6 7 8 9 10 11 12
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
39.0983 | 40.078 | 44.9559 | 47.867 | 50.9415 | 51.9961 | 54.9381 | 55.845| 58.9332 | 58.6934 [ 63.546 65.39| 69.723 72.61| 74.9216 78.96| 79.904 83.80
4 K Ca Sc Ti Y Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
1.46 1.33 1.25 1.37 1.24 1.25 1.24 1.28 1.33 1.35 1.22 1.20 1.18 1.14 1.90
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
85.4678 87.62| 88.9059 | 91.224| 92.9064 95.94 ( (97.905) | 101.07 | 102.906 | 106.42| 107.868 | 112.41| 114.818 | 118.710| 121.760| 127.60| 126.904| 131.29
5 Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe
1.60 1.43 1.37 1.36 1.34 1.34 1.37 1.44 1.49 1.67 1.40 1.45 1.37 1.33 2.10
55 56 57-71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
132.905 | 137.327 178.49 | 180.948 | 183.84 | 186.207 | 190.23 | 192.217 | 195.08 | 196.967 | 200.59 | 204.383 207.2 | 208.980 | (208.98) | (209.99) | (222.02)
6 Cs Ba| La-Lu Hf Ta w Re Os Ir Pt Au Hg T Pb Bi Po At Rn
1.59 1.43 1.37 1.37 1.35 1.36 1.38 1.44 1.50 1.70 1.76 1.55 1.67 2.20
87 88 89-103 | 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
(223.02) | (226.03) (261.11) | (262.11) | (263.12) | (262.12) | (265)| (266)| (271)| (272)| (285)| (284)| (289)| (288)| (292)| (294)| (294)
7 Fr Ra| Ac-Lr Rf Db Sg Bh Hs Mt Ds Rg Cn Uut Fl Uup Lv Uus UUo
225
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
138.906 | 140.115 | 140.908 | 144.24 | (144.91)| 150.36 | 151.965| 157.25( 158.925| 162.50 | 164.930| 167.26 | 168.934| 173.04 | 174.04
La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
1.87 1.83 1.82 1.81 1.83 1.80 2.04 1.79 1.76 1.75 1.74 1.73 1.72 1.94 1.72
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
(227.03) | 232.038 | 231.036 | 238.029 | (237.05) | (244.06) | (243.06) | (247.07) | (247.07) | (251.08) | (252.08) | (257.10) | (258.10) | (259.1)| (260.1)
Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
1.88 1.80 1.56 1.38 1.55 1.59 1.73 1.74 1.72 1.99 2.03
12
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Name: Code: IRN

Chemicals and Equipment (Task 2)

Chemicals and materials (the actual labeling for each package in given in bold font)

Risk Phrase” Safety Phrase”
(salen)H,," ~1.0 g in a vial R36/37/38 S26 S28A S37 S37/39
S45
Mn(OOCCH3;), 4H,0, ~1.9 g° in a vial R36/37/38 R62 R63 | S26 S37/39
Lithium chloride solution, LiCl, 1M solution | R11 R36/38 S9 S16 S26
in ethanol, 12 mL in a bottle
Ethanol, 70 mL in a bottle R11 S7 S16
Acetone, (CH3),CO, 100 mL in a bottle R11 R36 R66 R67 S9 S16 S26

(salen*)MnCl,,° ~32 mL of a ~3.5 mg/mL"

solution in a bottle

K13, ~0.010 M solution in wa‘[er,b 50mLina
bottle, labeled “I,”.

Ascorbic Acid, ~0.030 M solution in water,’

20 mL in a bottle

1% Starch, solution in water, 2 mL in a bottle

TLC plate — one 5 cm % 10 cm silica gel strip

in a plastic zipper bag

" See page 15 for definition of Risk and Safety Phrases.

? (salen)H,:
7 =

® The exact value is indicated on the label.
¢ (salen*)MnCl (both R groups are equal and can be either H, or COOH or SO;H):
(2254 SO;H L COOH ¢ H 2l 55 (oo 5 2ttt JLSa R o5 S 50 0)

13
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Name: Code: IRN

Jilws

3315 e ool
30 piled S LaSe,S sul 5o @
hotplate stirrer <, o
300 mm ;S Lx e
e K @
:Kit #2
Gl lp S ¢l ) 250 mL Erlenmeyer flasks ;> o
50mL ¢ oo Slgl S @
(magnetic stirring bar) 20 mm ;- 5 oSG @
Hirsch funnel i3 & o
TLC b sl » s Hirsch funnel 1, Ko glepls g Slo lols @
W SaS w05 S Glo ¢l 125 mL S J)1 @
S ol sl S Al e
050 Ko mplex @
Gladdde @
(o 3ls QLS Cor oo p3) I ML Sl oy 50 @
Sl Sl S @
Gl 0l Lasiin [uSly J s gl “Product” codle L s J=4mL s ;3 by K @

Kit #3

TLC &1, (100 mm) sbsS use dgdos @
(TLC 6 ¢l ) colw s S @
TLC 6 ¢ 250 mL Lo & @

: Kit #4
oslizal osbel s oad e 25 ML &y S @
Sor S (Sordly b S0
125 mL Erlenmeyer flasks ;> o
bomulrlys o
10 ML e oy S @
SmL oy @
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Name: Code: IRN

Risk and Safety Phrases (Task 2)

R11 Highly flammable
,.&.“"/ GRS a
R36/37/38 Irritating to eyes, respiratory system and skin
R62 Possible risk of impaired fertility
S0k 05 o 3l Sl
R63 Possible risk of harm to the unborn child
W 5l S 313 4l
R66 Repeated exposure may cause skin dryness or cracking
R67 Vapors may cause drowsiness and dizziness
J}.I- D)3, 9 vgb‘)ﬂ g.)b;- o 9o C,.M;‘u.(.ma QTQ‘)E-L:
S7 Keep container tightly closed
J".’.J""'J vi}v’ \) k_‘aj.b DL
S9 Keep container in a well-ventilated place
S16 Keep away from sources of ignition
35 S Sl e Sl s
S26 In case of contact with eyes, rinse immediately with plenty of water and seek medical advice.
S s 1y Sy s o5 s Ao sy Of (ol e b e 1 e b el Sope 5
S28A After contact with skin, wash immediately with plenty of water.
A sy O 3l olie b d ¢ gy b oled 50 3
S37 Wear suitable gloves.
LS eslanal Cle i
S37/39 Wear suitable gloves and eye/face protection.
LS lablos s/ ki )5 43S aslizad ol [5G
S45 In case of accident or if you feel unwell, seek medical advice immediately
LS JLs 1y (Sag g avo s bl el & 50 s

15
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Name: Code: IRN

-

o yo3 JS 51 7XY Y

Jgams Jge p openi 5 (Salen Manganese Comple) ;X -l oShsS S 5o

A B-i B-ii C-i C-ii Task 2 22%

10 15 4 4 2 35

bis(salicylidene)ethylenediamine (salen) .l g3 Lol (Gadeedll) oo KK L 30 ol aanly 5 gls oSS

Ll e JI e s Jals LSt gls 28T 5s (s 8se sla cundBS

e
N N

(salen)H,, R=H
(salen*)H,, R = H, COOH, or SOs;H

5 o oSS 46 b oz 2003 ol el 30 Solie WU LSt sle I 05 S L ¢l e S LUls
5daS Gl b ilesT cl s S g STy dal b anes | 0% B Y4 LS| OV s 5K LS 5 Ol e
rl o S g s Sslre 3 IS pd e 3 61 s Sl (ID 5K b (salen)Hy  ust 511 5K L
el Xx=0,1,2,0r3 & w5l o s & (salen)MnCly Jgo s b oShaS Yoo Lol Lol 3

b L
S ezt |y Jpama o sl (TLC) S50 0 31,5 5l S 5l eslinad b (5T s 15 J gmames 035 @
— LS Ol 15 g S s |y aSaS 5o 5 LSt sde (g tesy RIS — LS| Ol 25 5l el L (i
55 a8 (salen®)MnCly s dal s> eslajl 3 L Ll 53 ol 4 3 a8 Ll J gemmes alie S 5 G 5l J gl o 2alS
A2k e SOsH L COOH « H oy aik> 65, R Golsal 5 305 1) Jguams 2luSTsie Slen 5385 0
Sile sk bl o G I iy kil 4233 (g aoliy 355 (Sl et G e 5 0kl Ly Sl o JS L)

Al ObL v ) JE’L‘J/’C-‘;J‘ v Olst U Lisd ploil
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Name: Code: IRN

L Sy

(salen)MnCly = .A

/N . N
~N N= N\uyﬂ
M
OH HO + Mn(OOCCHjy), + Oy + LICl  — do/ \o:@

(salen)MnCl,

358 o oslial OF I TLC (tlasl gl a8 4385 LS S8 JUs S s | (salen)Ho oL YL Y
250 mL Ll ol ol 1 s esls 13 L sl s oS 0 S SO o & 035 L (salen)Hy g

S WLl of 4 3lae J5b1 2) Jue YO S Lol o 4 oS s s

B3 Vsana) L Jo Sl B oS 0 8 151 055mn b 55 5 e3layl 3 wblite O5en b a5, 1 o)
S et 5 g sl U das JalS ) Loy s (opd o JolS O o ¢ sl DU g 4 S50 5 S5
A5 e S ol 4 Gl ST ley 3 G 03,5 S 655k Al g s 1y (ST b gle sl 0T 4 s s
S bl el W Kl S s LT Ol &S

AS 6l 1.9g o8 055w el 05y b 5l &S MN(OAC) 4H20 of w5 asls 5 s g5, 5115 )
aals| 423310 (glp 1) O5em 5 038 5 sesls S5 s o g L Gl el el (gl o5 sl oy S
Llas 5 ol 03 5 48 gk Al g | b e e

L et 53 a8 (3Ll 5lde a2 ke V) J ) 55 IMLICT Jgloms OF @ 5 4zl 2 2 55 31 15 )
Ao bl Wi3s Ve Sdan 5 038 5 5 Oa5es el 515 x5 1) Gl AS GLSl s dal esls 13
Loy 2 )1 035 45 555k Ali gz 1) b sl

O o deas J3 G plom 3 aids Yo ey Hsks it T g axdls o ms 6oy 5l ol ke cpl 51
(salen)MnCly 5k U aas 2l= 0« sl e 2503 b Il 5 eles (o) ekt als Lo s 4dds
Lpd all ai3s V0 BV sdS 5 g b 05 S 3 5l e alsBBL sy 4k sl Sl (S 358

S o sh 5 S eslinad (sl sl asiie “Vacuum” codle L ol b 48) 558 LS 53 3 Sl
= 5l el o S Gl M= 51 s (Hirsch funnel) 8 58 a3 Sl eslizal U1 o
S J 55 5 edls ghzed il e dad e U1y ol s (transfer pipette) Kool e 5leslinal L ass s
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Name: Code: IRN
O35 5 Aas JWl Wl o3 S 05y 3 31 5 el Lasiie “Product” cudlel a5 by s & 1) delr J sz
5eMs c(salen)Hy e 53 0dd oslinl 350 035 pizmas S 5518 25 sdor 03 5 demlons | M ¢y
LS 5S¢ My « Mn(OOCCH3),-4H,0

aas 13l o anS =l | product e 5 b JUs

g (Product) Jses Co o L L;b- Jbs O3
g St Jgeamee b dls O3
g : mp J J2>TR O35
g M5 (A S i 5DILs 2 35 5 (salen)Hy 055

s mMn L(J-:-S ﬂ.ﬁS T P )‘ )JL;_} T P S )‘ Mn(OOCCH3)24H20 Q)}
g
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Name:

HO

=N _Cl,.N= O _o =N_ N=
Mn +x/2 HOH,C . —_— Mn +x/2 HOH,C
R O O R R o "o R
HO OH

(salen*)MnCl,

Code: IRN

(salen*)MnCly ol o305 4 gas o> 3JUT.B

R =H, COOH, or SOsH

)b'l )| salanw! g;&‘g)

+ xHCI

S oy o a ol )

S 3yl S I Jshoee 5 golie B s SLEs 1) Ol (YL @ 5, O, eSS Y

e Jame s se b I gl g lae U SLEs 1) Ol 5l 4 5, 0K 4SS Y

INIRIRY &;\;;j&Lmiyéjyjuﬁuuuluw;;)ﬁju%:4.3-‘93

A G e VYO Ll s & ez S law 5 | (SAlen®)MINCly J gz J e 10.00 mL )

Loy 4835 ¥=F J sowe 4y 1K S bslsve g 5038 3Ll Jshes il 4 1y doul Sy 55l Jsloes 515.00 mL Y

0,5 0 3l eslizad U 5 K3 Jgloen L1y Jloun b 5 eSS b 1om 05T Lt Sy 55l L2l 5l Ol 6l yy ¥

Ll 3L BT gl Bl b SLL el s — T L T ) S 25 Sl Olse e azalis 1) Jgloes

e sy 25 s 53 3 (Bla) Ol 55 s

OH
e
0] O

# Q)ﬁé))cﬁax\?r.?&
Qs 25 0 3 KIz -
mL

PP S ok a&‘j}v.?&
¢ Oseml 15 0LLLs K (51~
mL

mLcav\.\is_éf.a.aKI3r.>.=>—
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Name: Code: IRN

WS padla | o deal 2 IS

mL QL.\»l;m 03 ek oslaul KI3 dj.LN e
mg/mL (e s e s 3) (salen®*)MnCly clle
M i (G 85y emx 65, 3 ascorbic acid clile
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Name: Code: IRN

B (g5, DMl o s 3K LSl sde X Slis ¢ 5 Jad 4 dxxl e b g ol O el 25 Sl (g, 51 (1

Dt 25 dsdz 53 1 TS Lasis |, (R = H, COOH, SOsH) L.

VN
e
O/ \O

X =
Manganese oxidation state:
R X (Theoretical molar
mass)/x, g/mol

H 1 357
H 2 196
H 3 143
COOH 1 445
COOH 2 240
COOH 3 172
SOsH 1 517
SOsH 2 276
SOsH 3 196
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Name: Code: IRN

TLC L. s (salen)MnCl, l.t:.C

S5 S8 s K shass e llae J 01 e S s s il es S ag OUa = oS 1 (salen)MnCly oL
S oslimal (Sl sely S

S e Ks S S b s Gllas J5T e ks i o | (salen)Hy 5L e
TLC&ué\ﬁgitu;,\‘\s@jk&ﬁbTLCg,j(wlﬁg@u)uwwﬁg;mumpgﬁpyﬁ\
Al ol

Sl Sl Ll 1y gl pled Ly 4 oas 513 0 s g5k s o3 S A1 S s S o LS
S aY ) i @ 5038 et ) LS U S WLl i ) b1 S gLl |y aaie 61 b 350 o0
ey el a2 5 L iy e e Y=Y gl 4 IO

Ay Cade |y g s

S S e s 53 o b TLC i (5o sl 5 aslinel L

s ol Sl ol kil ola 4ot b 4ids 10 JIV e ey oS (5,2 53 L, TLC

Aop cade slde LI TLC amis 55,5 S, ble 5 (solvent front) dM- ;s

a8 s o S s o)l 1T 5 s St ga 5o 1) TLC amis

S 4l (salen)MnCly 5 (salen)Hs sl . 1, Ry
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Name: Code: IRN

S ey bl 55, L TLC &5 5 (i

S a8 5 e (salen)MnCly ;5 (salen)Hs ¢l 1, Ry @i

Rt, (salen)H;:

Rt, (salen)MnCly:

1 plas OB, 5

Ay el 0 Lasis Liquid Waste cole Ls 55 51 b olls (@

a3 cl el jasis Broken Glass Disposal code L as' 3 b 15 1y b yas sla Jbs (b
sasta “Kit #27, “Kit #3” and “Kit #4” oSl b oS byrje la a5 3 1) brae ) a2d Llay (C

.MJ ‘)lj.; PR v
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