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C° 1 mol/L

TPE_4

( mollL ) .

Avogadro's constant:

Na = 6.02280*3 mol'!

Universal gas constant:

R =8.314 J mott K'?

Standard pressure:

p° =1 bar =106Pa

Pam= 1 atm=1.013bar= 1.01340° Pa

Atmospheric pressure:
Zero of the Celsius scale: 273.15K
Faraday constant: F =9.64940" C mol?
Watt: 1wW=1Js!
Kilowatt hour: 1kWh = 3.640°J
h=6.626103%Js

Planck constant:

Speed of light in vacuum:

c=2.99840 ms?

e=1.602401°C

Elementary charge:
Electrical power: P = qExI
Power efficiency: d = PobtainedPapplied
- PlanckEinstein relation: E =hde
Ideal gas equation: pV=nRT
G=Hi TS
: _ G° =1 RTInK®
Gibbs free energy: $G° — 71 F Ecal®
G = pG° + RTINQ
aA(aq)+bB(agq)= cC(aq)+dD(aq) N cecpd
Reaction quotiend for a reaction 0 Aapb
[!

Henderson Hasselbalch equation:

p H |¢a+pl[—!ezg

Q

Nernst Peterson equation:whe@is the reaction
guotient of the reduction hatéaction

E=E° X &
zF
atT = 298K, R?TI n 4005 o/

Beeii Lambert law: A=U01 ¢
Rate laws in integrated form:
- Zero order: [A] =[A]oT kt
- First order: In[A] =In[A]oT kt
- Second order: 1/[A] = 1/[A]o + kt
Half-life for a first order process: ty;31 nk2/
e
Number average molar mals: 01 BV E
Bel g
0 S
Rate laws in integrated form: 0 . BeueV e
BEU EU E
. - M
Polydispersity indexp: I, = M_W
n

AMOA molle L

1M=1molL? 1mM=10%mol L?

51stIChO T
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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

51stIChO i 4
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GHS
GHS (H-

Q A, A Physical hazads

H225 H225 Highly flammable liquid and vapor.

H226 H226 Flammable liquid and vapor.

H228 H228 Flammable solid.

H271 H271 May cause fire or explosion; strong oxidizg

H272 . H272 May intensify fie; oxidizer.

H290 . H290 May be corrosive to metals.

< Health hazards

H301 H301 Toxic if swallowed.

H302 H302 Harmful if swallowed.

H304 . H304 May be fatal if swallowed and enters airwa

H311 H311 Toxic incontact with skin.

H312 . H312 Harmful in contact with skin.

H314 H314 Causes severe skin burns and eye damag

H315 H315 Causes skin irritation.

H317 H317 May cause an allergic skin reaction.

H318 . H318 CGauses serious eye damage.

H319 . H319 Causes serious eye irritation.

H331 . H331 Toxic if inhaled.

H332 H332 Harmful if inhaled.

H333 . H333 May be harmful if inhaled.

H334 H334 May cause allergy or asthma syomps or

. breathing difficulties if inhaled.

H335 H335 May cause respiratory irritation.

H336 H336 May cause drowsiness or dizziness.

H351 H351 Suspected of causing cancer.

H361 H361 Suspected of damaging fertility the unborn
child.

H371 H371 May cause damage to organs.

H372 . H372 Causes damage to organs through prolol
or repeated exposure.

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

< Environmental hazards

H400 H400 Very toxic to aquatic life.

H402 H402 Harmful to aquatic life.

H410 H410 Very toxic to aquatic life with lontasting
effects.

H411 . H411 Toxic to aquatic life with lontasting effects.

H412 H412 Harmful to aquatic life with lontasting

effects.

51stIChO T
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GHS
Chemicals Labeled as GHS hazard statements
Deionized water in:
- ( )
Wash bottle (bench)
- ( DeionizedWater
JPlastic bottle (bech) Not hazardous
- ( )
Plastic canister (hood)
Ethanol, in a wash bottle Ethanol H225, H319
300
Sample of white wine Wine sample H225, H319
300 mL in amber plastic bottle
P1 (For problem P1)
GHS
Chemicals Labeled as GHS hazard statements
4- 151

4-nitrobenzaldhyde,
1.51 g in amber glass vial

4-nitrobenzaldehyde

H317, H319

A 20

H225, H290, H304, H314,

Eluent A, 20 mL in glass vial Eluent A H319, H336, H410
B 20 Eluent B H225, H290, H304, H314,

Eluent B, 20 mL in glass vial H319, H336, H410
Oxoné® (
Potassium peroxymonosulfate
salty 7.87 Oxone® H314
Oxoné® (potassium
peroxomonosulfate salt), 7.87 g ir
plastic bottle

TLC 4-
Sanple of 4nitrobenzaldehyde for TLC standard H317, H319

TLC

51stIChO T




P2 (For problem P2)

TPE_4

1 M potassium thiocyanate
solution, 20 mL in plastic bottle

GHS
Chemicals Labeled as GHS hazard statements
1M (potassium
thiocyanate) 20 KSCN 1 M H302+H312+H332, H412

0.00200 M (potassium
thiocyanate) 60
0.00200 M potassium

thiocyanate solution, 60 mL in
plastic bottle

KSCN 0.00200 M

Not hazardous

1M (perchloric acid)

10 1M
perchloric acid solution, 10 mL in
plastic bottle

HCIO4

H290, H315, H319

0.00200 MFe(llT) 80
0.00200 M iron(lll)
solution, 80 mL in plastic bottle

Fe(l1) 0.00200 M

Not hazardous

0.000200M Fe(lll) 80
0.000200 M

iron(l1l) solution, 80 mL in plastic
bottle

Fe(l1) 0.000200 M

Not hazardous

0.3% (hydrogen
peroxide) 3

0.3% hydrogen
peroxide solution, 3 mL in amber

glass bottle

H202

Not hazardous

51stIChO T




P3 (For problem P3)
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Chemicals

Labeled as

GHS
GHS hazard statements

0.01M (iodine) 200
0.01 M iodine

solution, 200 mL irbrown plastic
bottle

I2

H372

0.03 M (sodium
thiosulfate) 80

0.03 M sodium thiosulfate
solution, 200 mL in plastic bottle

NaxS03

Not hazardous

1M (NaOH) 55
1 M NaOH solution,
55 mL in plastic bottle

NaOH

H290, H314

25M (sulfuric acid) 80
2.5 M sulfuric acid
solution, 80mL in plastic bottle

H2SOq

H290, H315, H319

0.5M (potassium iodide)

25 05M
potassium iodide solution, 2BL in
plastic bottle

Kl

H372

(potassium iodate) 100
( )
Potassium iodatea 100 mg

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

KIO 3

H272, H315, H319, H335

25

Starch solution, 25 mL in plastic bott

Starch

Not hazardous

51stIChO T
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Personal equipment Quantity
Pipette filler bulb 1
Safety goggles 1
1 [ Organic
wastg 1 L plastic bottle for organic waste, 1
| a b eOrgamic wasted
Paper towels 15 sheets
Precision wipers 30 sheets
Spdula (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
_ _ .TLC UV lamp for TLC 2 per lab
visualization
Colorimeer 5 per lab
Gloves All sizes (S, M, L, XL) available
upon request to a lab assistant
Ice bucket 1 per lab
P1 (For problem P1)
Personal equipment Quantity

Laboratory stand with: 1

- Clamp holder with small clamp 2

- Clamp holder with large clamp 1

100 Erlenmeyer flask with ground 1
joint, 100 mL

50 Erlenmeyer flask with ground 1

joint, 50 mL

Reflux condenser 1

Hotplate stirrer 1

Crystallizing dish 1

Magnetic stirring bar 1

Suction flask 1

1

Bichner funnel with rubber adapter

51stIChO T
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3 Zipped bag with 3 pieces of 1
filter paper
( )Petri dish 1
TLC I TLC elution chamber TLC 1
el uti on c h aTi®eaution chhnabere | e |
3 TLC
Zipped bag with 3 TLC plates (with 1
fluorescence indicator), labeled with Student Code
TLC TLC graduated 4
spotters (in the Petri dish)
Plastic tweezers 1
Glass rod 1
25 Graduated cylinder, 25 mL 1
150 Beaker, 150 1o 2
Plastic powder funnel 1
Disposable plastic pipette 2
15 TLC
C R Amber glass vial, for TLC sample, 2
1.5 mL, with stopper, labeled andR
10
Preweighed amber glass vial, 10 mL, with 1
stopper, dbeled withStudent Code
Magnetic stirring bar retriever 1
P2 (For problem P2)
Personal equipment Quantity
10 Volumetric pipette, 10 mL 1
10 Graduated pipette, 10 mL 3
5 Graduated pipette, 5 mL 3
Test tule stand 1
Test tube 15
Test tube stopper 7
1.0 5
Colorimeter cuvette, path length 1.0 cm
100 Beaker, 100 mL 2
Disposable plastic pipette 15

51stIChO T
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P3 (For problem P3)
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Personal equipment Quantity
Laboratory sand with burette 1
clamp
25 Burette, 25 mL 1
Glass transfer funnel 1
100 Erlenmeyer flask, 100 mL 3
250 Erlenmeyer flask, 250 mL 3
150 Beaker, 150 mL 1
100 Beaker, 100 mL 2
100 Volumetric flask, 100 mL, 1
with stopper
50 Volumetric pipette, 50 mL 1
25 Volumetric pipette, 25 mL 1
20 Volumetric pipette, 20 mL 1
25 Graduated cylinder, 25 mL 1
10 Graduated cylinder, 10 mL 1
5 Graduated cylinder, 5 mL 1
Disposable |astic pipette 3
Parafilm 20 sheets

51stIChO T
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P1 TLC P1.1 P1.2
12 12 8 2 3 37

13%

Oxone

(green

solvent$,

4- (4-nitrobenzaldehyde)
. (TLC )
(eluent) (TLC) .
0 0 (Organic waste .
I 4- (4-nitrobenzaldehyde)

1. 20 mL SmL .

2. 100mL .

3. 151 4- 1

7.87 Oxone
4. 1 (reflux condensér . HELP
5 ( 1 ) L 45 .

51stIChO i 12
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11.

12.

51stIChO T
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2.
(4020 mL),
11l
50 mL .
(Organic wastge
21mL .
50 mL
. HELP
. | 7~10
R

TPE_4

20 mL

13
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4, L (TPE_4) L .
5. (Organic waste HELP .

[l TLC
1. (TLC elution chamber), 0.5 A (Eluent A)

4

) .

2. . TLC standard( 4- )
TLC S C R 1mL

3. TLC | ( 1cm)

3 L S C( ) R( ) TLC

(TPE 4) (Eluent A
Eluent B) S C R TLC .
Student Code Eluent A / Eluent B
N
N ¥
EEELEEERED F----- 1--- 1
1 cm ¢ S C R
3TLC
4, TLC . TLC .
TLC TLC .
5.TLC . TLC (UV lamp)
(spot3,

6. A (Organic waste) .
7. B (eluent B 1,345 6 .
8. TLC (TPE_ 4) .
51st IChO T 14
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TLC ( L )
TLC .
TPE_4 Eluent A TPE_4 Eluent B
EEEE R l-=-=-- {---4 p--- po----- J-- === $---
S C R S C R
- (TPE_4)
; (TPE_4) T (A B)
(Submitted item$
(Recrystallized product) |
TLC A I
TLC B I
Signatures
Student Lab Supervisor

51stIChO T
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1. 4 Oxone .

2. TLC

1

I A I

1 (©) 4-

I (True) I (Fals®

1 (R) 4-

T (True) I (False

51st IChO i 16
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P2 Calibration Iron P2.1 | P22 | P2.3 | Stoichiometry | P2.4 | P2.5
determination determination
14% 10 6 3 4 3 9 3 5 0
P2.
. 10 15 mg/lL  Fe(ll) Fe(Ill)
Fe(lll) (SCN)
Fe(lll) -
Il Fe(lll) L
ﬂ L
Il HELP
15 . 15
1
1
51st IChO T 17
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OK

:
I
:

1
1 (Absorbanc .
Absor bancedX
T (470 nm) OK
1 (cuvette 3cm .
)
T (Absor banc@K q
(Cal i brai on)o& .
1 0.00( -0.00)
1 3cm .
T L
: o

51stIChO T
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0.000200 M Fe(lln) 1 M KSCN

L

#
0.000200 MFe(lll)

IM HCIO4

(Wine)
H20:>

Deionized water

2. L .
3. 1L 2 3 4 5 10mL 1M KSCN . 6 .
4. HELP .
5. ( 18 ) 470 nm
6. a 6 L . _HELP .
Tube # 1 2 3 4 5 6
(Absorbance
470 nm)
Fe*
S(FE™) | UM 16 32 64 96
Colorimeter code

51st IChO i 19



0.8

Fe3*

TPE_4

0.7

0.6

0.5

(B al £
o(Fed+) vl

30

40 50 60

70 80 90

100 110

( pmolL?

)

5 Fe**

c(Fe*")tuse s =

c(Fe)

umol L ?

c(Fe**) = 50 pumol 1

51stIChO T

20




Cm

mg L™

TPE_4

Cm( )=

mgL?!

51stIChO T
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0.00200 M Fe(lll) 0.00200 M

| (1)
[Fea(SCN)p] 3201 (

 0.00200 MFe(lll) )(80 mL)
f 0.00200 MKSCN (80 mL)

KSCN

Fe(lll)

TPE_4

L

# 7 8 9 10

11

12

13 14

15

0.00200M Fe(lll)

VFreqy / mL

0.00200M KSCN

Vscn / mL

Fe(ll1)
x(Fe*)

(470 nm)

Colorimeter code

51stIChO T

470 nm
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4. A Fe(lll) x(Fe) |

S. - [(Fe)(STN)p] 42 2 :
11

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

x(Fe

51stIChO T
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P3

P3.1 | P3.2 | P3.3 | P34 | P3.5

10

10

13%

P3

(SQ)

HSGs ( bisulfite;

SG

6.

)l.

) H. HSOs

SO&

H* SQOs? (sulfite;

SQ + H20 = H" + HSGs
HSGs =H'+ SQ?

( J J ) PI.
SO (SO, HSG , SG?) P .
HSG: SO SO
SO 100mgL !
150mg L L
(iodometric) SO .
100mg (KIO3) o
100 mL 100mL  KIOs .
S
100mL
a1 20mL 20mL S
1 5mL 5mL 0.5 MKI .
1 10mL 10mL 2.5 MH2SO4 .
(Parafilm . 5 .
10 (Starch)
. (V1)
3~ 5
24
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( )
n° Vi/ mL
1
2
3
Vi/ mL
Reported value Vi / mL
Il. (I2)
1. 25mL P
2. NaxS:03
10 (Starch) .
(Va),
3. 1~ 2,
nO
Analysis n° Va/mlL
1
2
3
Vo / mL
Reported value V> / mL

51stIChO T
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1. 50 mL 250mL .
2. 25 12mL, 1M NaOH 1 .
_ _ 20 |
3. 5mL 25M H2SO4 2mL
2 .
4, 15
_ Vs,
5 1~ 4
nO
.o Vs/ mL
Analysis n
1
2
3
Vs/
Reported value Vs / mL

51stIChO T
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1. Nax$0s3
2. NaxS0s KIO 3 M(KIO3) = 214.0 g/ mol,
($0:%) = (mol L b
S0 © 0.0500 mol £ L
3. P

51stIChO T
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(I2) = mol L *
I2 0.00700 mol £ .
4. 1, SO SO so?,
5. SO (mg/L), SO 64.1 g mol',
Cn(SQ) = mgL?!

51stIChO T
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PENALTIES

TPE_4

Incident #

Student signature

Lab supervisor signature

1(

1 (no penalty)

2

51stIChO T
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