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SECTION A

Answer ALL the questions in this section. You should aim to spend no more than 20 minutes
on this section. For each question, select one answer from A to D and put a cross in the box X.
If you change your mind, put a line through the box $¢ and then mark your new answer with a
cross X.

1 Which species contains an element with the same oxidation number that
sulfur has in NaHSO,?

L1 A K,Fe(CN),
[0 B NH,VO;
1 € K,MnO,

0 D [CoClJ*”

(Total for Question 1 = 1 mark)

2 Which species contains a bond angle of 90°?
L] A [Pt(NH,),ClL,]
1 B [CuCl]
Ll € [CrCLI

] D SiCl,

(Total for Question 2 = 1 mark)

3 Which equation can only be described as a ligand exchange reaction?
[0 A [Zn(OH),l(s) + 20H (aq) — [Zn(OH).]* (aq)
[0 B [Fe(H,0)sl**(aq) + H,0O(l) — [Fe(H,0)s(OH)I**(aq) + H;0"(aq)
0 C [Cu(H,0)J**(aq) + 2NH;(ag) — Cu(H,0),(OH),(s) + 2NH;(aq)

[0 D [Cr(H,0)s)*"(aq) + 6NHs(aq) — [Cr(NH)el**(aq) + 6H,0(l)
(Total for Question 3 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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4 A metal ion, M", disproportionates spontaneously:

2M*(ag) = M(s) + M*(aq)

The table below gives the standard electrode potentials of four systems.

System E°/V
Cu®'(ag) + e — Cu*(aq) +0.15
Cu'(ag) + e — Cu(s) +0.52
Ag*(aq) + e — Ag*(aq) +1.98
Ag'(aq) + e — Ag(s) +0.80

Use the data to predict which statement is true under standard conditions.

LTA
[IB
Jjc
LID

Both Cu® and Ag" can disproportionate.
Only Cu* can disproportionate.
Only Ag™ can disproportionate.

Neither Cu™ nor Ag” can disproportionate.

(Total for Question 4 = 1 mark)

5 In a reaction of dichromate(Vl) ions, Cr,03", with a metal ion M**, the oxidation number
of each Cr atom changes from +6 to +3.

Each dichromate(VI) ion reacts with three M** ions.

What is the oxidation number of M after the reaction?

LTA
[IB
Jjc
LID

+2
+3
+4

+5

(Total for Question 5 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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6 A ligand exchange reaction occurs when EDTA is added to a solution containing

the ion [Cu(H,0),(NH5),1*".

What is the best explanation for this?

L[] A A complex forms with copper and EDTA which is more soluble than the original.
[J] B A complex forms with copper and EDTA which is less soluble than the original.
[0 € AH,eucion is positive for the reaction of [Cu(H,0),(NHs),]*" with EDTA.

[0 D AS,en is positive for the reaction of [Cu(H,0),(NH,),]** with EDTA.

(Total for Question 6 = 1 mark)

The repeat units of four polymers are shown:

Polymer Repeat unit
P — CH,CH(CONH,) —
— HN(CH,)sNHOC(CH,);CO —
R — HNCH,CONHCH(CH;)CO —
S — CH,CH(CN) —

(@) Which formula shows the repeat unit of the polymer poly(propenamide)?

1] AP
1 B Q
[J C R
L0 DS

(b) Which formula shows the repeat unit of a polymer which could be made using a
diamine and a dioic acid as the monomers?

L] AP
1 B Q
[ C R
[l DS

(Total for Question 7 = 2 marks)
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( )
8 The enthalpy changes for the hydrogenation of cyclohexene and of benzene are shown:
C6H10 + H2 —> C6H12 AH = _'IZ(:)I(JmOI_1
C6H6 + 3H2 —> C6H12 AH = —208|(Jm0|_1
The delocalised structure of benzene is more stable than a molecule with
three C=C double bonds by
[0 A 504kJmol™
OB 328kimol™
0 C 152kimol™
0D 88kimol™
(Total for Question 8 = 1 mark)
Use this space for any rough working. Anything you write in this space will gain no credit.
\ J
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9 The formula of the amino acid serine is shown:

|
H,N—C—COOH
CH,OH

The formula of the zwitterion of serine is

T
0 A H;N—C—COOH

CH,OH

|
[0 B H,N—C—COO”

CH,OH

|
[0 € H;N—C—COOH

CH,O™

|
0 D H;N—C—COO"

CH,OH

(Total for Question 9 = 1 mark)
Use this space for any rough working. Anything you write in this space will gain no credit.
\_
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10 This question is about the amino acids, glycine and alanine.
| |
HZN—C|—COOH HZN—C|—COOH

H CH,
glycine alanine

What is the total number of different dipeptides which can be made by reacting each
of the optical isomers (enantiomers) of alanine with glycine?

LJA 2
1B 3
[1c
L1D

»

(o]

(Total for Question 10 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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12

The structure of the asthma medication salbutamol is

OH T
N
HO %
HO

(@) Which functional group is not present in salbutamol?

1 A Alcohol
[ B Amide
[] € Amine
] D Phenol

(b) What is the molecular formula of salbutamol?

L1 A GC;3HuNO,
1 B C3HyNO;
L] € C3HyuNO;
[ D GCy3HigNO,

(Total for Question 11 = 2 marks)

The compound X with molecular formula C;H,,0, shown is responsible for some of the flavour
of bananas.

0 CH,
H3C)t0/\)\CH

compound X

3

(@) The number of peaks in the low resolution proton nmr spectrum of X is

L1 A 4
1 B 5
1 Cc 6
] D 14
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(b) The number of singlets in the high resolution proton nmr spectrum of X is

LTA 1
1B 2
J1c 3
LID 5

(c) A sample of X is hydrolysed with dilute acid. Which of these peaks is present
in the infrared spectrum of X but is not present in the spectra of its hydrolysis
products?

Refer to the correlation table on page 6 of the Data Booklet.

[0 A 2962-2853cm™
0B 1750-1735cm™
[0 C 1725-1700cm™
[0 D 1485-1365cm™

(d) In the mass spectrum of X, which m/e peak would you expect not to be present?

LJA 29

1B 43

[]C 87

LID 129

(Total for Question 12 = 4 marks)

13 A sample of 0.25mol of a cyclic hydrocarbon produced 66 g of carbon dioxide and

22.5 g of water on combustion. The hydrocarbon is

L] A cyclohexane.

[ B cyclohexene.

[J € benzene.

[0 D ethylbenzene.

(Total for Question 13 = 1 mark)
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14 A sample of aspirin is made by the reaction of 2-hydroxybenzoic acid with excess
ethanoic anhydride.

)
OH 0 o) OgCH3
+ CH3!—O—(”:CH3 —_— @i + CH;COOH
COOH COOH
2-hydroxybenzoic acid Aspirin
Molar mass 138 gmol™ Molar mass 180gmol™

(@) In the preparation, 2.00 g of 2-hydroxybenzoic acid produced 1.65 g of aspirin.

The percentage yield was

L] A 929
] B 825
] € 767

[ D 633

(b) The aspirin is purified by recrystallisation using water as the solvent. Which of the
following statements is true?

The aspirin should be dissolved in an excess of water.

The solution should be heated to above the melting temperature of aspirin.

O O o o

A
B
C Soluble impurities are removed by filtering the mixture after cooling.
D

Only water soluble impurities in the aspirin can be removed.

(Total for Question 14 = 2 marks)

TOTAL FOR SECTION A =20 MARKS
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SECTION B
Answer ALL the questions. Write your answers in the spaces provided.

15 This question is about successive elements in Period 4.

Potassium Calcium Scandium Titanium
Atomic radius / nm 0.235 0.197 0.164 0.147
Sum of first and second 3470 1735 1866 1968

ionisation energies / kJmol™

*(a) There is a decrease in atomic radius between potassium and calcium, and also
between scandium and titanium. Explain why the atomic radius decreases in
both cases, and why the decrease between potassium and calcium is greater.

*(b) Explain why the sums of the first two ionisation energies of Ca, Sc and Ti are all
similar but less than the sum of the first two ionisation energies of potassium.

11
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(c) Explain why scandium and titanium are placed in the same block of the Periodic Table,
but scandium is not a transition element.

(2)

2+

(d) Aqueous solutions of Ti(ll) compounds contain the ion [Ti(H,O)¢]"".
Draw a diagram of this ion.

Name its shape, state the bond angle between adjacent water molecules and the
type of bond between the ligand and the titanium.
(2)

(Total for Question 15 = 8 marks)
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( R
16 This question is about manganese and its ions.
(@) () Complete the electronic configuration of Mn and Mn?*.
(1)
I I AT e e ee e eee e e e e et ettt ee oo .
VI AR e .
(i) Suggest why the oxidation number +2 is very stable for manganese.
(1)
(b) Consider the data below.
Electrode system Standard electrode potential (E7) /V
Mn*(aq) + 2e” = Mn(s) -1.19
MnO;(aq) + 8H'(aq) + 5" = Mn*(aq) + 4H,0(l) +1.51
(i) Draw a labelled diagram showing how to set up a cell with the two electrode
systems in the table above, in order to measure E .
State the standard conditions required for the cell.
(4)
\ J
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(i) Calculate the value of Eg,.
(1)
(iii) Write the equation for the overall reaction that occurs in this cell.
State symbols are not required.
(2)
(c) A student investigated the redox chemistry of manganese by adding manganese powder
to a solution containing vanadium(lll) ions, V**(aq). Deduce what products are formed
in this reaction.
Justify your answer by using the data in (b), and by considering items 11, 26 and 42 in
the table of Standard Electrode Potentials on pages 14 and 15 in the Data Booklet.
You should calculate E for any feasible reactions.
(4)
\
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(d) A solution containing Mn**(aq) reacts with aqueous sodium hydroxide to form
a precipitate.

(i) Write the ionic equation for the formation of the precipitate.
Include state symbols.

(1)
(ii) State the colour of the precipitate.
(1)
(i) The precipitate darkens if it is left standing in air. Identify, by name or formula,
the new manganese compound responsible for this darkening.
(1)

(Total for Question 16 = 16 marks)
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17 The structure of a detergent is shown. In simplified form, the symbol R can be used
to represent the alkyl group.

9 - Q

SOs;Na SO;Na

The detergent can be synthesised from benzene by the following route:

Step 1NE@(\A/V ) zg/v ) 3g\w
SO,H

SO;Na
(@) (i) Give the number of carbon atoms and the number of hydrogen atoms in the
alkyl group R.
(1)
(ii) Draw the structural formula of the compound which could be used to react
with benzene in Step 1 and identify the catalyst required for this reaction.
(2)
Compound:
Catalyst:
\ J

16
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( )
(iii) Write a mechanism for the alkylation of benzene in Step 1, using the symbol R
for the alkyl group. You should include an equation showing the formation of
the electrophile.
(3)
(iv) Name the reagent which is used to sulfonate the benzene ring in Step 2.
(1)
(v) Complete the diagram to show the displayed formula of the —SO;H group in
the product formed in Step 2.
(1)
\ J
17
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-
(vi) Identify a suitable reagent for use in Step 3.
(1)
*(b) (i) The product of Step 1, C¢H;R, is not soluble in water. Explain this fact by identifying
the intermolecular forces involved and comparing their relative strengths.
(2)
(ii) The detergent, RC4H,SO;Na, is soluble in water. Explain how the bonding in
this compound allows it to dissolve in water.
(2)
(Total for Question 17 = 13 marks)
\
18
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18 This question is about the chemistry of benzene, phenol and phenylamine.

(@) Both benzene and phenol can be brominated in substitution reactions under
suitable conditions.

(i) Give the equation for the reaction of benzene with bromine.
Include state symbols.
(2)

(i) Give the equation for the reaction of phenol with bromine water, showing the
structure of the organic product.
State symbols are not required.
(1)

*(iii) Explain the effect the —OH group has on the bromination of the benzene ring.
(2)

. J
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(b) (i) Phenol reacts with dilute nitric acid.

Give the formula of one organic product of this reaction and state the type
and mechanism of the reaction which is occurring.
(2)

Formula:

TYPE @NA MOCNANISIN e

(i) Phenylamine also reacts with dilute nitric acid but the reaction does not
involve the benzene ring.

Give the formula of the organic product in this reaction and state the type of
reaction which is occurring.
(2)

Formula:

Y8 OF FEACKION: oo

(c) Write the equation for the reaction of phenylamine with ethanoyl chloride,
giving the displayed formula of the organic product.
(2)

20
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( )
(d) Phenylamine is the starting material for making certain dyes.
o < Write equations to show how a dye could be made in two steps, using
o = phenylamine and phenol as the only organic compounds. State the conditions
= 2% needed for the first step.
2]
= 2 (3)
5 =
= Z | First step:
b &
= &
T =
b o
& =
(®)
> Z
@ O
> (=]
5
o =
‘o u .
RS S
= R CONAITIONS .
25 | Second step:
<-\:§< o
3 =
=
S
e
i
(®]
s
20
o)
i
: g (Total for Question 18 = 14 marks)
-
= TOTAL FOR SECTION B =51 MARKS
2
Cul
=
205
:
S0
Z
0O
S
L J
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SECTION C
Answer ALL the questions. Write your answers in the spaces provided.

19

The element chromium occurs in the Earth’s crust at a concentration of about
1.02 x 10> ppm. The name of the element comes from the Greek word for colour, and
compounds of the three main oxidation states (+2, +3 and +6) are brightly coloured.

The element and its compounds have many uses, such as the manufacture of important
alloys, pigments for paint and inks, colouring glass and tanning leather.

Chromium is an essential mineral for physiological functions but, above a certain level,
its compounds are toxic. The target in many states of the USA is for a concentration in
drinking water below 0.10 parts per billion. The maximum permissible level of Cr(VI)
allowed to be released into waterways is 50 parts per billion. Chromium concentrations
in drinking water can be measured by a colorimetric method.

*(a) Solutions containing Cr’*(aq) and Cr**(aq) are coloured due to electron transitions
between d orbitals.

Explain why Cr**(aqg) and Cr**(aq) differ in colour.

22
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( A
*(b) (i) The oxide CrO; contains chromium in the oxidation state +6.
Suggest two reasons why CrO; is unlikely to contain Cr®" ions.
(2)
(ii) Predict, by writing an equation, how CrO; would react with water.
(1)
(iii) Write the equation for the reaction of dichromate(VI) ions with alkali in which
chromate(VI) ions are formed. State symbols are not required.
(1)
_ J

23
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(c) The concentration of ethanol in white wine can be measured using
potassium dichromate(VI) titrations. A suitable method is:

Step 1 A standard solution of ammonium iron(ll) sulfate was used to measure the
concentration of a potassium dichromate(VI) solution. The reactions are

Fe’*(aq) —» Fe’*(aq) + e

Cr,057(aq) + 14H*(aqg) + 6e” — 2Cr**(aq) + 7H,0(l)

The concentration of the potassium dichromate(VI) solution was found to be
0.0210moldm™.

Step 2 A mixture of 1.00cm’ of wine, 100 cm’ of the potassium dichromate(VI)
solution (an excess) and about 25 cm? of dilute sulfuric acid were reacted until
all the ethanol in the wine had been oxidised by the dichromate(VI) ions.

2Cr,057(aq) + 16H*(aqg) + 3C,HsOH(l) — 4Cr’*(aq) + 11H,0(l) + 3CH;COOH(aq)
Step 3 The reaction mixture from Step 2 was made up to a volume of 200.0cm® and
a portion was used to fill a burette. It was titrated with 25.00 cm® portions of

acidified ammonium iron(ll) sulfate with concentration 0.015 moldm™.
The mean titre was 18.60cm’.

(i) An indicator of sodium diphenylamine and phosphoric acid was used to
detect the end-point of the titrations.

If the titrations were carried out without an indicator, the colour change at
the end-point would be difficult to detect. Explain, by reference to the ions
involved and their colours, why this is the case.

(ii) Name the experimental procedure which would be used in the oxidation of
ethanol to ethanoic acid in Step 2.

24
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( A
(iii) How many moles of dichromate(VI) ions were present at the start of Step 2?
(1)
g
z
o n
= T
= =
= 2
M ow
2 E (iv) Use the results from Step 3 to calculate the number of moles of
5:' = potassium dichromate(VI) solution present after it has oxidised the ethanol,
N 5 and hence the number of moles used in the reaction.
> 4
= (4)
m (@)
> ()
g =
= &
O W
ba
= -
I (@]
: (v) Calculate the number of moles of ethanol which were present in the
5 % 1.00cm’ of wine.
5 ; (1)
) —~
= =
S/ S
= —
z E
5 £
S
@ 5
B o8
______ L J
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(vi) The concentration of ethanol in wine is usually quoted as the percentage of
“Alcohol by Volume” (ABV).

The volume of 1 mole of ethanol is 58.3cm’.

Calculate the percentage of “Alcohol by Volume” in the wine.

(2)

YISV SIHINIIIMMION OG- - YAUY SIHLNIILIEM IONOG
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(d) The concentration of dichromate(VI) ions in drinking water can be measured
by reacting them with a compound called diphenylcarbazide. This produces
a complex with a reddish-purple colour. The concentration of this product is
measured using a colorimeter.
The structure of diphenylcarbazide is shown.
T
N N
)
H 0 H
The complex, which is thought to be octahedral, contains one chromium(lll) ion
formed by reduction.
Draw a circle round the atoms which are most likely to bond with the chromium ion.
Hence predict the number of moles of diphenylcarbazide per mole of complex.
Justify your answer.
(2)
(Total for Question 19 = 19 marks)
TOTAL FOR SECTION C = 19 MARKS
TOTAL FOR PAPER =90 MARKS
\

27

P 5 0 7 8 9 A 0 2 7 2 8




€0l 01 101 00} 66 86 L6 96 G6 ¥6 €6 6 16 06
WINIDUSIME) | WNLSQoU | Wwninappual [ WNIWIS) | WNIUIS)SULS |wintuioyljed| wniaxsaq wnun wnpuswe |wntuoimd (wniuniydasu| wnweln |wnwgoejoud| wnioyy
1 ON PW w4 s3 E®) g wd wy nd dN n ed ylL
(2s7] | [psdd | [9sz] | [esdd | [vsd] | Lwsdd | [syal | [eved | [evdd | [zval | [z€2] | 8¢z [1€7] [4X4
ML 0L 69 89 19 99 69 9 €9 29 19 09 6G 8¢
wnaIn) | wnigenA | wnynyy wniqla wniwioy |wnisoidsAp| wniqsey (wniunopes | wnidouna |wnuewes (wniyiawold|wniwAposu wnukposseid|  winwad SOLI3S SpLULIY
nq qA wl 43 OH Aa qL PO n3 ws wd PN Id ) $S9L13s apiueyjue ,
GLl €Ll 691 191 G9l €91 6G1 LGl Sl (07" (1] 144 i orl
L oLl 601 801 L0l 901 G0l 0l 68 88 L8
pajesiuayine Aj)nj Jou Ing WiNUaBUS0( wnipejsuuep | winuaudw| wnissey | wnuyoq |wnifiogeas| wniugnp |wnipiopsipnu winioe | wnipes | wnpuely
pa3yJodal usaq aAeY 9 -7} | SISQUINU JLWOIR YIIM SJUSWI|T mm sd W SH ygd mm qad N £V ey 44
[zzdd | Died | (892 | [z2d] | vodd | [99A | [z9al | Dvozl  [zzd | [9zdd | [ezd
98 G8 ¥8 €8 8 18 08 6L 8L LL 9L SL vL €L L LS 9% 1]
uope. auneise | wnwoyod [ ynwsiq pea) wnieyy | Aundssw P08 wnuield | wniput | wniwso | wnwuays | usisSuny | wnpejuey | wniujey  wnueyjuey| wnieq wnisaed
wy W 0od g qd 1L 8H ny d A1 SO iy M el JH Mg eg s
[zz2] [012] [607] 0°60¢C °L0C ¥'v0C 9°00¢ 0°L6l 1°G61 6l 061 981 8°€81 6°081 G'8/L1 6°8€1 £LEL 6°CEL
¥S €S 4" 1S 0s 6V 214 Ly 9 14 144 124 IA% (34 ov 6¢ 8¢ LE
uouax aulpol wnun)a) | Auowue un wnput | wniwpes FENNIY wnipejed [ wnipoyd |wniuayina |wnpauyda) (wnuspghiow| wniqowu | wnuodaz | wnuRA | wniuosys | wnipigna
axX I o1 qs us ur PD 8y Pd Y ny el ow aN 1z A iS S}
£lel 6°9Z1 9°LTL 817l L8l 8Ll 4%t 6°L0) ¥°901 6°201 L7101 [86] 6°G6 6'C6 L6 6°88 9°/8 G'G8
9¢ 13 143 €€ [A3 L€ 0¢€ 6C 8¢ LT 9t 6¢ 144 €T [44 ¥4 0z 6l
uoydAuy | auiwouq | wnwayas | dwasie |wnwewsdd| wniesd ouiz 1addod 1921 31eqod uoJt asaueduew | wniwolyd | wnipeuea | wniuejly | wnipueds | wnojed | wnissejod]
M 19 oS sy 99 eoH uz no IN 0D o4 uw 1D A L ) e) A
8°¢8 6°6L 0°'6L 6'VL 9L L'69 ¥'q9 G'€9 L°8S 6°84 8°6G 6'¥S 0°¢s 6°0G 6'Ly 0°Sy (014 1°6€
8l L) 9l Gl vl €l (z1) (11) (01) (6) (8) (2) (9) (s) () (€) [4 L
uofie auuoyd anjins  |snioydsoyd| uodlis  |wniulwnye wnisausew | wnipos
Iy D S d IS v 8w | eN
6°6¢ G'GE (A4S 0'le }'8C 0°LT 13 44 0°€t
(o]} 6 8 L 9 S Jaquinu (uojoud) diwole 14 €
uoau auuon)y uasAxo uasoujiu uoqJed uoJoq sweu wnmAiag | wniyin
SN 4 0 N o) d JoquiAs diwoje ag 1
0t 0°6l 091 ovi 0'ziL 8°0! SSBuW Jlwole sAlje)al 06 69
4 (£1) (91) (s1) (¥1) (€1) ! Aoy (2) (1)
wnyay
aH uadolpAy
h H
0’y 0L
(81)
(80 L 9 S 4 € z b

SJUSWS)T JO 31qeL JIPOLISd YL

7 8 9 A0 2 8 2 8

P 5 0

28



