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Taski 13% of the total

An environmentally friendly aldol condensation

1a

1

1b

1

1c

13

1d

20

1e

6

1f

1

ig

2

Total

44

a) Record the pH of the solution.

b) Report the mass of the crude product.

c) Using UV light to visualize, circle the spots on the plate in pencil to show

where they are, copy your plate onto the answer sheet, and place your plate

in the Ziploc bag labeled with your student code.
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Record the relevant Re values.
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d) Report the mass of the purified product.

e) Product A could have one of two formulas: CibHi8O4 or

Draw the structure of every stereoisomer with formula CisHieCMhat could be formed

in this reaction. Indicate how many peaks you would expect in total in the 13C NMR

spectrum of each.

For Ci8Hi8O4:

Structure
Number of 13C NMR
signals expected:
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Draw the structure of every stereoisomer with formula Ci8Hi603that could be formed

in this reaction. Indicate how many peaks you would expect in total in the 13C NMR

spectrum of each.

For Ci8Hi6O3:

Structure
Number of 13C NMR
signals expected:
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f) With the aid of the 13C NMR spectrum given in the practical instructions,

decide which is the correct formula. Mark one of the two boxes below to

indicate which you have chosen:

C18H18O4: LJ C18H16O3: LJ

g) Calculate the percent yield of purified product, based on the formula you gave

for its structure.
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Task 2 13% of the total

Analysis of a Copper(ll) Complex

2a

15

2b

1

2c

2

2d

15

2e

1

2f

2

2g

4

2h

4

Total

44

Titration to determine the proportion of copper ions:

Sample 1

Sample 2

Sample 3

Mass of complex (g)
Volume of EDTA

solution needed (mL)

Mark box if using this

data in the calculation

for part (a)

a) Calculate the volume of EDTA solution needed to react completely with

0.100 g of complex.

b) Give the equation for the titration reaction:
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c) Calculate the percent by mass of copper in the sample:

Percent by mass of copper:

Titration to determine the proportion of chloride ions:

Sample 4

Sample 5

Sample 6

Mass of complex (g)

Volume of silver

nitrate solution

needed (mL)

Mark box if using

this data in the

calculation for part

(d)

d) Calculate the volume of silver nitrate solution needed to react completely with

0.200 g of complex.
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e) Give the equation for the titration reaction:

f) Calculate the percent by mass of chloride ions in the sample:

Percent by mass of chloride ions:

g) Circle which element in the complex has the greatest percent error in the

determination of its proportion:

Cu Cl O C H N



'list INTERNATIONAL

CHEMISTRY OLYMPIAD

UK JULY 18-27, 2009

STUDENT CODE:

h) Determine the formula of the copper complex:

Formula:
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Task3

The critical micelle concentration of a

surfactant

3a

2

3b

34

3c

2

Total

38

a) Give the concentration of the stock SDS solution you have made up:

b) Record your results in the table below and p_lot, on the graph paper provided,

a suitable graph to determine the critical micelle concentration (CMC).

Volume of stock

SDS solution (mL)

Volume of H2O

(mL)

C (mM or mmol dm"3) a (nS cm 1)
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Volume of stock

SDS solution (mL)

Volume of H2O

(mL)

C (mM or mmol dm"0) a (ii$ cm"1)

c) State the concentration at which micelles begin to form (the critical micelle

concentration):
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Exam Procedure

The time allowed for the exam is 5 hours. There will be an additional 15

minutes reading time at the start. DO NOT begin practical work until the

START command is given.

When the announcement is given to stop working at the end of the 5

hours you must do so immediately. A delay in doing this may lead to

your disqualification from the examination.

After the signal to stop working has been given, wait in your lab space. A

supervisor will come to you and check off the following items as being left

behind:

- These 'Practical Exam' instructions.

- All your answer sheets plus the sheet of graph paper from Task 3 in the

envelope labelled with your student code. Do not seal the envelope.

- Your chosen TLC plate in the Ziploc bag labelled with your student

code.

- The sample labelled 'RPA' from Task 1.

Do not leave the examination hall until instructed to do so by the supervisors.
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General Information

• Safety is of paramount importance in the laboratory. You should be following

the safety rules given in the IChO regulations. Safety glasses and lab coats

must be worn at ALL TIMES. Gloves should be worn during Task 1.

• If you behave in an unsafe way, you will be warned once before you are

asked to leave the laboratory. You will not be allowed to return and will

receive a score of zero for the entire experimental examination.

• The problem booklet is made up of 15 pages, within which there are 3 tasks.

You may do the tasks in any order you choose.

• The answer booklet is made up of 11 pages. You should write your name

and student code onto every answer sheet. Do not attempt to separate the

sheets.

• Your answers and work must only be written in the spaces provided for

them. Anything written elsewhere will not be marked. Any calculations must

be shown (calculators may be used). If you need scratch paper, use the

back of the sheets.

• Numerical answers are meaningless without the appropriate units. You will be

heavily penalized if units are not given where required.

• Use only the pens, pencil, eraser, ruler and calculator provided.

• If you make an error or break something and require extra equipment or

chemicals, ask a supervisor. Whatever you have requested will be provided,

but after the first request there will be a penalty of 1 of the 40 available

practical points for each subsequent request. Additional sheets of graph

paper will be provided on request with no penalty.

• If you have any questions regarding the tasks or require a refreshment/toilet

break, ask a member of staff.

• If you need to re-use glassware during the exam, clean it carefully at the

closest sink to you.

• Solutions may be disposed of into the sink, except EDTA and those

containing copper or silver. Please leave them on your bench or dispose of

them in the containers provided.

• The official English version of this examination is available on request if

clarification is required.
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Periodic table with relative atomic masses

1

1

H

'. 008

3

Li

6.94

11

Na

22.99

19

K

39 102

37

Rb

85.47

55

Cs

13291

87

Fr

2

4

Be

9.01

12

Mg

24.31

20

Ca

40.08

38

Sr

87.62

56

Ba

137.34

88

Ra

3

21

Sc

44.96

39

Y

63.91

57

La*

138.91

69

Ac+

4

22

Ti

47.90

10

Zr

91.22

72

Hf

178.49

5

23

V

50.94

41

Nb

92.91

73

Ta

180.95

6

24

Cr

52.00

42

Mo

95.94

74

W

183.85

7

25

Mn

54.94

43

Tc

75

Re

186.2

8

26

Fe

55.85

44

Ru

101.07

76

OS

190.2

9

27

Co

58.93

45

Rh

102.S1

77

Ir

192.2

10

28

Ni

58.71

46

Pd

106.4

78

Pt

195.09

11

29

Cu

63.55

47

Ag

107.87

79

Au

196.97

12

30

Zn

65.37

48

Cd

112.40

80

Hg

200.59

13

5

B

1C.81

13

Al

26.se

31

Ga

69.72

49

In

114.82

81

TI

204 37

14

6

C

12.01

14

Si

28.09

32

Ge

72.59

50

Sn

118.69

82

Pb

207.2

15

7

N

14.01

15

P

3097

33

As

74.92

51

Sb

121.75

83

Bi

208.98

16

8

O

16.00

16

s

32.06

34

Se

78.96

52

Te

127.60

84

Po

17

9

F

19.00

17

Cl

35 45

35

Br

79.904

53

I

126.90

85

At

18

2

He

4.003

10

Ne

20.18

18

Ar

39.95

36

Kr

63 80

54

Xe

131.30

86

Rn

•Lanthanldes

+Actinides

56

Ce

140.12

SO

Th

232.01

59

Pr

140.91

91

Pa

60

Nd

144.24

92

u

238.03

61

Pm

93

Np

62

Sm

150.4

94

Pu

63

Eu

151.96

95

Am

64

Gd

157.25

96

Cm

65

Tb

158.93

97

Bk

66

Dy

162.50

98

Cf

67

Ho

164.93

99

Es

68

Er

167.26

100

Fm

69

Tm

168.93

101

Md

70

Yb

173.04

102

No

71

Lu

174.97

103

Lr
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