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1 Use of the Data Booklet is relevant io this question.

Equal masses of four separate samples of the carbonates of calcium, lead, sodium and zinc
are decomposed to the respective metal oxides and carbon dioxide gas.

For which compound is there a greatest loss in mass?

calcium carbonate
lead(I) carbonate
sodium carbonate

oo m >

zinc carbonate

2 Use of the Data Booklet is relevant to this question.

KMnOj4 reacts with H2S as shown in the equation below. The solid products are removed
through filtration.

2KMnOa4(aq) + 3H:S(aq) — 2MnOz(s) + 35(s) + 2KOH(aq) + 2H,0(l)

Which statements about the reaction are correct?

1 The reaction is a redox reaction.
Three moles of electrons are gained for every mole of MnOs.

3 Assuming that KMnOs; is the limiting reactant, when 0.1 mot of KMnO4 is used, the
mass of the solid products collected is 13.5g.

A 1only C 2and3only
B 1and2only D 1,2and3

3 Use of the Data Bdo!det is relevant fo this question.

In a combustion reaction involving sulfur, 64.9 cm® of S0y was obtained as a colourless
gas at r.t.p. The colourless gas rapidly condensed to form 0.217 g of a dark red solid.

What are the values of x and y?

o|O0|m >
vinlal ol x
NN =<
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4 Use of the Data Booklet is relevant to this question.

Which ion cdntains an unpaired electron?

Cu?
Zn?
SeZ
Ass_

OO w >

5 The boiling points of 2-hydroxybenzoic. acid and 4-hydroxybenzoic acid are 158.6 °C and
214.5 °C respectively.

Which statements help to account for the difference in boiling points?

2-hydroxybenzoic acid is more polar than 4-hydroxybenzoic acid.
2 4-hydroxybenzoic acid forms stronger covalent bonds than 2-hydroxybenzoic acid.

4-hydroxybenzoic acid forms more extensive intermolecular hydrogen bonding
than 2-hydroxybenzoic acid.

A 3only C
B 1and2only D

2 and 3 only
1,2and 3

6 CHsCH2CHa, CH:CH2F and CH3;CH2OH undergoes liquefaction and are converted from the
gaseous to the liquid state.

What is the order of their ease of liquefaction?

increasing ease of liquefaction
A CHaCH2CH;s CHaCH2F CH2CH20H
B CH3sCH2CHs CH3CHz0H CH3CH:F
C CH3CHaF CH;CH.0H CHsCH2CH3
D CHsCH:-0OH CHaCHaF CHaCH.CH3;

7 Which statement is correct for all single covalent bonds?

A covalent bond cannot be found in ionic compounds.

A covalent bond can be formed via head-on overlap of p orbitals.

A covalent bond can only be formed between two non-metal atoms.

A covalent bond is formed when each bonding atom contributes a valence electron.

O mP»P

B873/01/5/20
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8 Which of the following have giant lattice structures under standard conditions?

1 copper
2 octane
3 aluminium chloride
4  magnesium bromide
A 3only C 1,3and4only
B 1and4only D 1,2,3and4
9 Indole is one of the main contributors to the pungent odour in animal faeces.

H
N/
)

What is the number of o and n bonds in a molecule of indole?

o
11
11
17
19

cioO|m| >

B[R

10 Uss of the Data Booklet is relevant to this question.

Which row of the table is comect?

most exothermic lattice N least exothermic lattice
energy i energy
A calcium oxide calcium suifide magnesium oxide
B calcium sulfide calcium oxide magnesium oxide
c magnesium oxide calcium sulfide calcium oxide
D magnesium oxide calcium oxide calcium sulfide
© Raffles Institution 2020 8873/01/S/20 [Turn Over
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11  The table below shows the enthalpy change of neutralisation, AMney, for the various acids
and bases listed.

acid base AHheun | kd mot™
sulfuric acid sodium hydroxide -57.0
ethanoic acid potassium hydroxide less exothermic than -57.0
sulfuric acid X less exothermic than -57.0
W potassium hydroxide ~57.0
What are W and X?
w X
A hydrochloric acid ammonia
B ethanoic acid sodium hydroxide
Cc ethanoic acid ammonia
D hydrochleric acid sodium hydroxide

12  Xenon-131 is a radioactive isotope which is used in the study of pulmonary function and
organ blood flow. It has a half-life of 5.3 days.

Given that radioactive decay is a first-order reaction, what fraction of the isotope has
reacted after 21.2 days?

A 0063 C 025
B 075 D 094
© Raffles Institution 2020 BB73/01/S/20 [Turn Over
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13 0.100 mol of magnesium carbonate was reacted with 100 cm? of 0.500 mol dm™ nitric acid.
The equation for the reaction is given below.

COaz' + 2H* -5 CO; + H,O

The rate of reaction was monitored by collecting the carbon dioxide gas produced. The
volume of carbon dioxide produced is plotted against time and the graph labelled X is
obtained.

i

volume of
COy/ cm?

time/s

The experiment is repeated using 0.100 mol of the same magnesium carbonate, with a
different sample of acid. All other conditions remain the same. Plotting these results gives
the graph labelled Y.

Which sample of acid gives graph Y?

A 50 cm?® of 1.00 mol dm™ sulfuric acid
B 50 cm® of 1.00 mol dm™ nitric acid
C 25 cm® of 0.500 mol dm3 nitric acid
D 25 cm? of 0.500 mol dm= sulfuric acid
© Raffles Institution 2020 BB73/01/S/20 [Tum Over
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14  The kinetics of the reaction between compounds P and Q is investigated.

[Q]/ mol dm™3

A

[P] = 2 mol dm2

[P] = 1 mol dm™?

Which statements are correct for this reaction?

-

j » time / min
10

The rate of reaction is independent of the concentration of Q.

2 The reaction is second order with respect to compound P.
3 The units for the rate constant is min™".

A 1,2and3 C 1and3only

B 1and2only D 3only

15 Consider the following equilibrium system:

A(s) + 2B(g) = C(g) + 3D(s)

Which of the following is correct?

AHP >0

change made

position of equilibrium

add solid A(s)
reduce the temperature
reduce the concentration of C(g)

o0 W >

increase the volume of the reaction vessel

shifts to the right
shifts to the left
shifts to the left
shifts to the right

© Raffles Institution 2020 8873/01/S/20
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16 Contact process is a method of producing high concentrations of sulfuric acid for industrial
appilications. it involves reacting sulfur dioxide with excess oxygen o form sulfur trioxide.

280:(g) + O2(g) = 280s(g) AH = -196 kJ mol’
The reaction is carried out at 450 °C and 1 atm. Vanadium(V} oxide is also used.

Which statement is correct?

A A low pressure of 1 atm is used to increase the percentage of SOz in the equilibrium
mixture.

B A high temperature of 450 °C is used to increase the rate of the forward reaction to
generate a higher yield of SQa.

C Vanadium(V) oxide is added to decrease the activation energy of the forward reaction.

D Vanadium(V} oxide is added to increase the percentage of SO3 in the equilibrium
mixture.

17  In which reaction is the underlined substance acting as a Brensted-Lowry base?

2Na(s) + Hz(g) —> 2NaH(s)

NaOH(s) + aq — Na*(aq) + OH(aq)

CHsNH,(aq) + H0(l) = CHsNHa*(aq) + OH(aq)
CHsCOOQH(aq) + NaOH(aq) —» CH3COONa*(aqg) + Hz0(l)

o0 W »r
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18  Solid lead(Il) nitrate is converted into lead(IV) oxide when it is added to a solution of acidified
manganate(VII) ions. The nitrate ions do not undergo any chemical reaction.

MnOg4(aq) + 8H*(aq) + 56~ - Mn?*{aq) + 4H20(|)
Pb?*{aq) + 2H0{l) - PbOx(s} + 4H*(aq) + 2e~

Which graph shows how the pH changes as lead(Il) nitrate is added at a constant rate into
a well-stirred solution of acidified manganate(V1I) ions until its colour just fades?

¥ ) 'y
A c pH,/_\_
" me
i
B D
= -

tme

19  Which of the following solutions, when mixed in equal volumes, will produce a buffer

solution?

A 0.2 mol dm=2 NaOH and 0.1 mol dm™2 HC!

B 0.2 mol dm= NaOH and 0.1 mo! dm~2 CH;COOH
C 0.1 mol dm~3 NaCH and 0.2 mol dm= H.S0,

D 0.1 mol dm2 NaCH and 0.2 mol dm™ CH3sCOOH

© Raffles Institution 2020 8873/01/5/20 [Turn Over
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Use of the Data Booklet is relevant fo this question.

Element X is a Period 3 element.

The oxides of element X are insoluble in water.

BP-511

The melting point of element X is higher than that of the elements on either side of it in the
Periodic Table.

What is the identity of element X?

Al
C!
S
Si

OO m>P

21

The oxides of the elements sodium to sulfur are separately added to water.

Which diagram best represents the pH of the solutions produced?

A * c
pH
0 | A]io ] T |
Naz 03 poO
Mg0  Sio;  'S0s
B ’ S D
pH 1
i E 1 | 1
Nax0 Alz03 P.O
MgO  Si0; 'S0,
© Raffles Institution 2020 8873/01/8/20
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AlO3
SiO:

Nza,0
MgQO

pH

I L

0
S0;

1 { i
AlOs p,0,
SiOz

Nz,0
MgO
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22  Which of the following statements about the Period 3 chlorides are correct?

1 An agueous solution of AICI; has a lower pH than an aqueous solution of MgCl
of the same concentration.

2 NaCl, MgCl; and AICZ; have very high boiling poihts whereas SiCls and PCls have
low bolling points.

3 PCis hydrolyses in water to form a strongly acidic solution.

A 1,2and3 C 2and3only
B 1and3only D 1only

23 Which statement best explains why HC/ has a higher thermal stability than HBr and HI?

A The permanent dipole-permanent dipole interaction between the HCI molecules is the
strongest.

B The HC! molecule has the smallest electron cloud.

O

The H-CI bond has the largest bond energy.
D The HCI molecule has the greatest polarity.

24 A monocyclic organic compound has a molecular formula of CsH7O:N. It contains a
carboxylic acid functional group.

Which other functional groups could be present in this molecule?

1 aidehyde
2 amine
3 ester
A 1,2and3 C 1only
B 1and2only D 2only
© Raffles Institution 2020 8873/01/5/20 [Tum Over
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25 Ascorbic acid, also known as vitamin C, is necessary for the growth and repair of body
tissues.
OH
HG _ OH
o 0 OH
ascorbic acid

What is the empirical formula of ascorbic acid?

A C3zH:0s C  C3Hs0;
B C3HsO4 D CgHsOs

26  Propanal can undergo different types of reaction.

propanal

Which row correctly identifies the type of reaction for reactions 1 and 2?

reaction 1 reaction 2
A hydrclysis oxidation
B hydrolysis addition
c reduction oxidation
D reduction addition
© Raffles Institution 2020 8873/01/5/20 {Turn Over
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Compound A is heated with an excess of sodium hydroxide in ethanol. X is one of the
products formed.

Br \ cl excess NaOHM
in ethanol
Br heat
A
What is a possible structure of X7
A l | C
B | o D
& OH
An ester is shown.
8]
0
o

18]

What is the structure of the carboxylic acid formed from the acid hydrolysis of the ester?

0.
N

o OH

o]
o
o] OH o OH

OH OH

o] o
© Raffles Institution 2020 BB73/01/5720 [Turn Over
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29  Use of the Data Booklet is relevant to this question.
Nylon 6,6 is a condensation polymer made up of two monomers.

A segment of the Nylon 6,8 polymer chain is shown below.

0
Il i I il
“"Pf"“(CHz)s"‘fi'l_C"““(CHz)r"C"“'Tl'—‘(CHz)s_T—‘C“‘(CHz)f”C“'_

H

A typical Nylon 6,6 molecuie has a relative molecular mass of 11300.

How many of each monomer is used to make this typical Nylon 6,6 molecule?

A 25 C 75
B 50 D 100

30 Which statement about poly(vinyl chloride), PVC, is not correct?

A Itis able to form hydrogen bonds with water molecules.
B Combustion of PVC produces a highly acidic gas.
C Itis a thermoplastic that can be recycled.

T
D Therepeatunitis ?—ﬁ?
Cl H :
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@ Section A

Answer all the questions in this section in the spaces provided.

1 Use of the Data Booklet is relevant to this question.

X" is isoelectronic with Hz0*.

(a) (i) State the number of electrons and protons in X-. Hence, deduce the identity of X-.

number of electrons

number of protons

[dentity of X- oo [2]

{ii) Fig. 1.1 shows the third ionisation energies of eight consecutive elements in the
Periodic Table. These elements have atomic numbers less than 20. One of the eight
elements is element X.

third ionisation
energy /
kd mol-1

3

A B c D E F G H
element in increasing atomic number

b 4

Fig. 1.1

With reference to Fig. 1.1, state the element which represents element X and
explain your answer.

.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................

.............................................................................................................
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m(b) Fig. 1.2 shows an experimenta! setup used to measure the angle of deflection of charged For
particles. examiner's

useld
genmrasneuernany M

! source

P T T L T

Fig. 1.2

The angle of deflection of a beam of protons was found to be +20°.

()  Under identical conditions, a beam of Isotope of 02~ was deflected by an angle of
—2.20°. Determine the number of neutrons in an ion of 02,

(2
(i) State the electronic configurations of s0% and 1Al
302' -
13 T PP PP PSR TS P T
2 |

(i) 1Al can be oxidised by losing electrons to form 13Al 3,
Name the orbitals from which the electrons are removed and describe their shapes.

.............................................................................................................

[Total: 11]
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2 @ Use of the Data Booklet is relevant to this question.

(a) Lithium and sodium are Group 1 metals which are reducing agents.

When a small piece of sodium is added to ethanoic acid, a rapid flow of bubbles was seen.
Lithium will react with ethanoic acid in a similar way.

Write an equation for the reaction of lithium with ethanoic acid. State and explain how the
observations differ when lithium metal is used in place of sodium metal in the above
reaction.

......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................

......................................................................................................................

(b) Borohydrides, such as LiBHs, NaBHs and KBHs, are often used as reducing agents in
organic chemistry.

(i) The greater the charge density of the metal cation, the stronger the reducing power
of the borohydrides.

Identify the weakest reducing agent among the three Group 1 borohydrides listed
above and explain your answer.

weakest reducing agent

explanation

..............................................................................................

..............................................................................................................
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1 (i) LiBH4 can be used to reduce ethyl ethanoate to form ethanol as the only product.

Using [H] to represent the LiBH4 reducing agent, write an equation for this reaction.

(¢) (i) lodine can react with chlorine to form iodine monochloride, ICI.

The boiling points of IC/ and chiorine are 97.4 °C and —34.0°C respectively. Explain
why the boiling points are different with reference to the type of bonding involved.

..............................................................................................................
..............................................................................................................

..............................................................................................................

.......................................................................................................... 121
(i) At higher temperatures, iodine can react with excess chlorine to form LCly.
The percentage by mass of iodine in LCly is 54.3%.
Determine the empirical formula of LCly.
[
(I}  The relative molecular mass of I,C/ is 466.8. Determine x andy.
[
© Raffles Institution 2020 BB73/02/5/20 [Turn Over
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@(d) When chlorine is added to a solution containing Mn?* ions, a black precipitate of MnO: is For
formed. examiner’s
useld

Cl+ Mn?* + 2H,0 — 2CF + MnO; + 4H*

(i} Explain why this is a redox reaction, in terms of oxidation numbers.

..............................................................................................................

(ii) There is no redox reaction when bromine is added fo a solution containing Mn?*
ions. Explain the difference in observations between chlorine and bromine with Mn?*,

[Total: 12]

© Raffles Institution 2020 8873/02/8/20

[Turn Over
PartnerlnLeaming

More papers at w@Jvzestpapersfree.com




BP-522

=

BLANK PAGE

© Raffles Institution 2020 8873/02/5/20 [Turn Over
PartnerinLeaming

More papers at w@ﬁestpapersfree.com



BP~523

8
3 m(a) Polyurethanes are widely used polymers that have a wide range of properties. It can be For
soft and elastic or tough and rigid. examiner's
useld

Polyurethanes are thermosetting polymers and can be formed from the reaction between
a diisocyanate and a diol, as shown in Fig. 3.1. R' and R? are hydrocarbon groups.

il It )
O=C=N—R'-N=C=0 + HO—R?-OH — --—c-—-t~|4--RT~—ril—c—o—R -0—
H H
diisocyanate diol polyurethane
Fig. 3.1

(i) With reference to the structure in Fig. 3.1, suggest two possible factors why
polyurethanes can be made soft and elastic or tough and rigid.

...................................................................................................

Lycra® is a polyurethane formed from the diisocyanate P and HOCH.CH,0OH.

o=c=w—©>—- ©N=C=O

(ii) Draw a repeat unit of Lycra®.

I—0O—XI

v

(2]

~ (Hi) Fibres of Lycra® are strong due to the intermolecular forces between the polymer
chains. Complete the table below to identify two intermolecular forces responsible
for this property and the corresponding group(s) involved.

Intermolecular forces group(s) involved
2]
@ Raffles institution 2020 B873/02/8/20 [Turn Over
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For

(iv) Suggest why Lycra® cannot be recycled. examiner's
uselll

{b) An addition polymer made from two different alkene monomers is called a co-polymer.
A section of a polyalkene co-potymer is shown in Fig. 3.2.

Ir—O—X

Fig. 3.2

Draw the structure of the two alkene monomers used to produce the co-polymer in
Fig. 3.2.

[2]

© Raffies Institution 2020 8873/02/5/20 [Turn Over
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@{c) When choosing a polymer for a specific use, the properties of the polymer must be
considered carefully.

Table 3.1 shows properties of four polymers labelled A to D.

Table 3.1
polymer | reaction with water | strength to weight ratio rigidity
A resistant medium high
B soluble high medium
C resistant high medium
D soluble low low

You are to design a waterproof swimming bag to store the belongings of children during
lessons. The swimming bag should be foldable to fit into a smaill locker.

State which polymer would be most suitable for making the swimming bag. Explain your
choice by considering each of the three properties listed in Table 3.1.

.....................................................................................................................
.....................................................................................................................
.....................................................................................................................
.....................................................................................................................
.....................................................................................................................
.....................................................................................................................
.....................................................................................................................
.....................................................................................................................
.....................................................................................................................
.....................................................................................................................

.....................................................................................................................

[Total: 13]
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4 @Boron nitride and graphite are similar in their structures. The empirical formula for boron nitride
is BN.

It is a slip modifier which is often added to lipsticks and eye shadows so that they can be applied
smoothly onto the skin. It is a good lubricant.

Boron nitride can also be used in electrical insulating coatings.

(a) Use the information above to suggest one property in which boron nitride and graphite are
similar. Explain your answer in terms of structure and bonding.

......................................................................................................................

(b) Use the information above to suggest one property in which boron nitride and graphite are
different. Explain your answer in terms of structure and bonding.

PROPEILY . eeeitniirnr ittt r et L a e
BXPIANALION ...
................................................................................................................... [2]
[Total: 4]
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5 Methanol is a highly versatile chemical widely used for industrial purposes. 1t is also an energy
resource used in the automotive sector and is an emerging renewable energy resource.

(a)

A student used the apparatus shown in Fig. 5.1 to determine the enthalpy change of
combustion of methanol, AH{CH:OH).

equation 1 CH;OH(l) + g O2(g) — COa(g) + 2H20(1) AHA{CH3;0H)

The energy released from the combustion of methanol is used to heat up the water and
the copper calorimeter.

The heat absorbed by the copper calorimeter can be calculated using the equation given
below. '

heat absorbed by copper calorimeter = C x AT

where C represents the heai capacity of the calorimeter. This is the amount of heat
required to raise the temperature of the copper calorimeter by 1 °C.

~ copper
- calorimeter

-~ Mmethanol

Fig. 5.1

The measurements recorded by the student are shown in Table 5.1.

Table 5.1 .
mass of water /g 250.0
initial temperature of water and copper calorimeter /°C 31.0
final temperature of water and copper calorimeter /°C 90.5
initial mass of spirit bumer /g 65.38
final mass of spiritbumer /g 63.97

The heat capacity of the copper calorimeter is 38.5 J °C".

© Raffles Institution 2020 8873/02/5/20 [Turn Over
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& () Define the term standard enthalpy change of combustion.
For
examiner's
............................................................................................................. U&eﬁ

.............................................................................................................

(i) Calculate the enthalpy change of combustion of methanol, AH{(CH3OH), using
relevant information from the Data Bookiet and the data from Table 5.1.

4]

(i} The same apparatus in Fig. 5.1 can be used to determine and compare the enthalpy
change of combustion of different alcohols.

Identify two variables that must be controlled to determine and compare the enthalpy
change of combustion of different alcohols. Suggest a reason for each variable.

1= o - St I U O SO P PP P PR

..............................................................................................................
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(b&I Bond energies can also be used to calculate the AH,(CH3sOH).
For
examiner's
(i} Using equation 1 and suitable bond energies from the Data Bookiet, calculate the usel

AHA(CHsOH).

2]

(iiy One of the reasons why AH{CHsOH) obtained from (b}(i) is different from the
theoretical ‘value of the AH;°(CH;OH) is that the bond energy values are only
average values.

Suggest another reason for this difference.

© Raffles Institution 2020 8873/02/S/20 [Turm Over
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(::!Fj The diagram below shows an energy cycle involving methanol.
For
AH examiner’s
4 t
C(s) + 2Ha(g) * 5 Oz(9) »  CH:OH()) useld
3 AH 3
+3 Oafg) \ 2% /‘2' 02(q)
CO2(g) + 2H20())
{) Inthe energy cycle above, what enthalpy change is represented by AH?
.......................................................................................................... 11
(i) Use the energy cycle and the following data to caiculate the standard enthalpy
change of combustion of methanol, AH.®(CH;OH).
AH® (carbon) = - 393 kJ mot™
AH:® (hydrogen) = — 286 kJ mo!!
AHh = — 238 kJ mol™’
(2]
© Raffies Institution 2020 8873/02/5/20 [Turn Over
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(d?EI The student is also interested to determine the concentration of methanol in a sample
provided by his teacher. For
examiner’s
10.0 cm?® of the sample was mixed with dilute sulfuric acid and made up o a volume of usell

exactly 250.0 cm? in a volumetric flask.

A 25.0 cm® portion of this diluted solution was pipetted into a conical flask and heated. A
few drops of N-phenylanthranilic acid indicator were added to the flask. 0.01 mol dm™
aqueous potassium dichromate(VI} was run from the burette into the conical flask until a
distinct colour change was observed. The titration was repeated to obtain two consistent
results (i.e. at least two titres that are within 0.10 cm?® of each other).

The results are shown in Table 5.2.

Table 5.2
titration number 1 2 3
initial burette reading / cm? 0.00 2140 £.00
final burette reading / cm?® 21.40 43.35 21.50
titre / cm?

(i) Complete Table 5.2 and obtain the average volume of aqueous potassium

dichromate(VI} to be used in your calculations. Show clearly how you obtained this
volume.

Use the result obtained to calculate the amount of potassium dichromate(VI)
required to react with the methano! present in 25.0 cm? of the diluted solution.

amount of potassium dichromate(VT)

(1) Under the conditions of the experiment, methanol is oxidised to methanoic acid by
the acidified solution of dichromate(V]) lons during this titration.

CH:OH + HO0 — HCOOH + 4H* + 4e-
The dichromate(V1) ions, Cr-07, are reduced to Cr**.

Construct a balanced ionic equation for the reaction between methanol and the
acidified dichromate(VI) ions.

Use of the Data Booklet is relevant to this question.

© Raffles Institution 2020 BB73/02/S/20 [Turn Over
PartnerinLeaming

627
More papers at www.testpapersfree.com




BP-532

17

(iii) Use your answers to (d)(i) and (d)(ii) to calculate the concentration of methano! in

the sample provided by the teacher.

For
examiner's
usel®

[2]

[Total: 20]

© Raffles Institution 2020 ' 88TA02S/20 [Tum Over
PartnerinLearning

More papers at wv6vv2v§estpapersfree.com



18

- Section B
Answer one guestion from this section in the spaces provided.

6 Boron trifluoride, BF3, is an important catalyst used in organic synthesis. It forms adducts with
a variety of nitrogen compounds such as ammonia and amines.

(a) In one scientific study, it was found that one molecule of BF; reacts with one molecule of
hydrazine, Nz2H4, to form a BFz*NzHa4 adduct.

(i) Draw a ‘dot-and-cross’ diagram for a molecule of hydrazine, showing all of the

valence electrons. Suggest the shape of the molecule with respect to each central
N atom. :

shape of molecule with respect to each central N atom

(2
(ii) Explain why BF; is able to form an adduct with N2H: in a 1:1 ratio.
.......................................................................................................... [1
(i) Draw the structure to iliustrate the bonding in BF3*NzHa.
[
© Raffles institution 2020 B873/02/S/20 [Turn Over
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(b& The boiling points of BF; and N2Ha are -100 °C and 114 °C respectively. Explain why the
boiling points are different in terms of structure and bonding.

......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................

......................................................................................................................

(¢) The titration curve for the acid-base reaction between hydrazine and hydrochloric acid is
shown in Fig. 6.1,

14 4

12

10

'

0 >
0 10 20 30 40 50

volume of hydrochloric acid added / ¢m?
Fig. 6.1

(i} Using Fig 6.1, deduce the volume of hydrochloric acid required to reach the
equivalence point for this titration.

volume of hydrochloric acid

@ Raffles Institution 2020 8873/02/5/20 [Turn Over
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B (i) Table 6.1 shows some acid-base indicators.

Table 6.1
- colour in colour in pH range of colour
indicator acid alkali change of indicator
alizarin yellow yellow orange 10.1-13.0
methyl orange red yellow 3.1-44
phenolphthalein colourless pink 82-100

Suggest which of the above indicators should be used for this titration.

State the colour change of your chosen indicator at the end-point of this titration.

[Ty T o=t o (U PP P

COIOUT CRANGE .. eeerteeer ittt ie s re e e ctan s e er e e s et asna e s s e

(d) Hydrazine is a monoacidic base which can react with another acid, butanoic acid,

CHsCH2CH2COOH, in an acid-base reaction.

Write an equation for the reaction between NaoHs and CH;CH:CHCOOH.

Label the conjugate acid and conjugate base in your equation.

(e) Butanoic acid can be synthesised from 1-chlorobutane as shown in Fig. 6.2.

o)

step 1 step 2 /\)L
/\/\Cl —_— /\\/\-.OH —_— OH

butan-1-ol

1-chlorobutane

State the reagents and conditions for step 1.

© Raffles Institution 2020
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(f) in step 2 of Fig. 6.2, butan-i-ol was heated under reflux with acidified potassium

dichromate(V1) to form butanoic acid. For
examiner's
There are three other isomeric alcohols with the same molecular formula as butan-1-ol. useld
Name and draw the structure of the isomer which does not turn hot acidified potassium
dichromate(VT) from orange to green.
NAaME Of ISOMIET: ... e e 2]
© Raffles Institution 2020 8873/02/5/20 [Tum Over
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(g?Iij A series of experiments was carried out at different concentrations of 1-chlorobutane and
sodium hydroxide. The experimental data are shown in Table 6.2.

Table 6.2
experiment | [1-chlorobutane] [NaGH] initial rate
{ mol dm™ / mol dm™ | / mol dm= min™’!
1 0.015 0.010 0.0024
0.030 0.040 0.0192
3 0.015 0.020 0.0048

() Use the data in Table 6.2 to determine the order of reaction with respect to each
reactant, 1-chlorobutane and NaOH.

Show your reasoning.

................................................................................................................
................................................................................................................
................................................................................................................
................................................................................................................

order of reaction with respect to 1-chlorobutane = ............. f1]

order of reaction with respectto NaOH = ............. [1]

(i) Write the rate equation for this reaction.

........................................................................................................... 11
(lil) Use the data of experiment 1 to calculate the rate constant, k, for this reaction.
include the units of k.
K= e 1]
UMIES = ooieeviiere i eneeeniaienn [1]
[Total: 20]
© Raffles Institution 2020 B873/02/5/20 [Turn Over
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7 (aE Nail polish is mainly composed of the nitrocellulose polymer. it is commonly dissolved in
organic solvents such as butyl ethanoate which gives nail polish its characteristic smell.

The structure of nitrocellulose is shown in Fig. 7.1.

ONO,
ONO,
N
No O  ONO -
O;NO o d
ONO;

N ONO,

—n

Fig. 7.1

()  Explain why nitrocellulose is soluble in butyl ethanoate.

...............................................................................................................

..............................................................................................................

(i) The time taken for the nail polish to dry depends on the volatility of the solvent, and
this allows different design effects to be achieved. The cracked nail polish effect, for
example, is achieved from the rapid evaporation of a more volatile solvent, ethanol.

Suggest why ethanol is more volatile than butyl ethanoate in terms of structure and
bonding.

...............................................................................................................
.............................................................................................................
..............................................................................................................
..............................................................................................................

(iii) Plasticisers are often added to increase the distance between the polymer chains.

Suggest how plasticisers prevent nail polish from chipping.

..............................................................................................................

© Raffles Institution 2020 8873/02/5/20 [Turn Over
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(bh Butyl ethanoate is synthesised from the condensation of ethanocic acid with butanol.
A dynamic equilibrium is established. For
examiner’s
CHsCOOH(!} + CH3(CH2)sCH(f) 8 CHaCOO(CH2)sCHa(l) + H20(l) AH>0 useld

(i} State the reagents and conditions for the above reaction.

(if) Write the expression for the equilibrium constant, K.

[1]

In an experiment, a mixture of ethanoic acid, butanol and butyl ethanoate were allowed to
reach equilibrium in a 2 dm? closed vessel. Fig. 7.2 shows how the amount of butanol and
butyl ethanoate in the reaction mixture changes with time.

amount / mol

A
4.50

4.00

T
EE]
FR)
F

3.50

3.00

2.50

PXOR

1.50

1.00 Wi efane (e

0.50

EREARNS
1

0.00 EERENES >
Fig. 7.2 time
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o (iii) Complete the graphs for ethanoic acid and water in Fig. 7.2. [2] .
or
examiner's
(lv) Hence, caiculate the value of K. useld

VAU OF Mo oo e

(v} Using Le Chatelier's Principle, state and explain how the equilibrium composition
would change when the temperature decreases.

..............................................................................................................
...............................................................................................................
..............................................................................................................

..............................................................................................................

(vi) Sketch a labelled reaction pathway diagram to illustrate the effect of a catalyst on
the reaction.

(2}

© Raffies Institution 2020 8873/02/5/20 [Tum Over
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(clﬂ Protein buffers account for two-thirds of the buffering power of blood. Amino acids, which
are monomers of proteins, are responsible for this buffering ability of proteins. FO’ y
examiners
. , useld
(i} Define the term buffer solution. )

Alanine is an amino acid that is abundant in haemoglobin, a protein buffer in blood. In
agueous solutions, alanine exists as a zwitterion.

1
+H3N—(I:—coo'
CHs

zwitterion of alanine

(i) Write equations to show the buffering action of alanine when smalil amount of H* or
OH- is added.

LTI To 1o 13T o s ) 3 o

Onaddition of OH ..o s [2]

© Raffles Institution 2020 8873/02/5120 [Turn Over
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(dk Amino acids can react with each other in the presence of a suitable catalyst to form a
variety of products which are structural isomers. For
examiner's
el
Draw the three structural isomers, each with molecular formula C7H14N20s, that can be s

formed when alanine, C3H7NQO», reacts with threonine, CsHgNO3.

I
|i| H.N—C—COOCH
HzN—-(i:-—COOH HO—C—CHj;
CH3 pi.|
alanine threonine
isomer 1
isomer 2
isomer 3

(3]

[Total: 20]

© Raffies Institution 2020 8873/02/5/20
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Suggested Answers for 2020 Y6 H1 Chemistry Preliminary Examination

Paper1:

12 37456 7|80 1041124314 [15]|18 |17 |18 |19 |20
Alp|lciA[A|lAalB|BlC|D]IAID[DjC|B|C]C|A|D]ID
21 |22 23124 (25|26 (27 |28 |2930

c[sBic|piB|lCc | B|DIBIJ]A

Worked solutions for Paper 1

(1} Mess of MnO2 = 0.1 % (4.9 + 32.0)=8.60 9

For all compounds, the loss in mass Is due to the
formation of CO2(g). The mole ratio between metat
carbonate and COz is 1:1 for all options.

Let assume the mass of each carbonate to be 2.0 g

Option A

€aCQz = Cal + CO2 o

n(GaCOs) = n(COz) = - = 1.9880 x 108 mo
M. of COz = 12,0 + 16.0 + 16.0 = 44.0 g mot1
mass of GOz = 1.9080 x 10 x 44.0 = 0.879 g

Option B:

PhCOs -+ PbO + CO2

n(PbCOs) = n{COz) = - = 7.4850 x 10~ mol
M. of GOz = 12.0 + 16.0 + 16.0 = 44,0 g mal*
mass of GOz = 7.4850 x 103 % (44.0)= 0.328 g

Optlon C:

Na2COs — NazQ + COz

n{NazCOs) = n{CO0z) = 1= = 1.8868 x 10-° mol
M of COz = 12.0 + 16.0 + 16.0 = 44.0 g moH!

mass of COz = 18868 x 103 x 44.0 = 0.830 ¢

Optlon D: .

ZnC0s — Zn0 + CO;

n{ZnCOs} = n(COz) = 7, = 1.5949 x 10~ mol
M of COz = 12,0 + 16.0 + 16.0 = 44.0 g mol!
mass of GO2= 16948 x 103 x 44.0=10.702 g

CaCOs has the greatest loss in mass.
Ans: A

o
Option 1 Is coirect. Since MnO4- (oxidation number of

Mn = +7) is reduced to MnO2 (oxidation number of Mn
= +4) whila H:S (oxidation number of § = -2} Is oxidised
to S (oxidation number of $ = 0), It Ia a radox reaction.

Option 2 Is comect, Based on the reduction half-
aquation {can be found in Data Bocklet),

MNO- + 4H* + 38~ — MnD2 + 2H:0

For avery mole of MnOa~, 3 moles of e~ was gained.

Option 3 Is correct.
n{MnO2} = 0.1 mol

© Rafflas Institution 2020

Massof S=0.1 x 1% 321=4815¢

mass of solid products = 8.69 + 4.815
=13.505« 135¢

Ans: D(1,2and 3)

a3

n(S:Oy) = 22 4 24 = 2.7042 x 10°° mol
M. of S0y = Feﬂw““o» = 80247

32.1x + 16y = 80.247

x=2;y=1

Ans: C

Q4

Cu?+: 152 262 2p° 352 3p®3d° (unpalred electron preseant)
Zn?*; 152 252 2pf 352 3pF 3d™°

Se? 182 257 2p8 3s? 3pF 3d1° 492 4pt

Asd— 1s? 252 2p8 382 3pb 3d10 452 4ph

Ang: A

Qs
Statement 1 does not help fo account for the higher
bolling point of 4-hydroxybenzoie acid as i would prove
that 2-hydroxybenzoic acid will have a higher baifing
polint if it Is more polar.

Staternant 2 is incomect. During bolling, Intermolecular
forces between molacules Is overcome and not covalent
bonds between atomns.

Statement 3 is correct as the close proximity between
the COOH and OH groups In 2-hydroxybenzolc acid
results in intramolecular hydrogen bonding. There will
be lesser shes avallable for intermolecuiar hydrogen
tonding and hence forms less extensive intermolacular
hydrogen bonding than 4-hydroxybenzoic acid. Less
energy is required to overcome the less extensive
intermolecular hydrogen bonding in 2-hydraxybenzolc
acid and hence it has a lower boiling point.

Ang: A (3 only)

PartnerinLeaming

Q8
Ease of liquefaction « strength of IMF o bolling point
Thus, the higher the bolling point, the easler it = to

liquafy a gas.
Ali three compounds have simple molecular structure.

CHsCH2CHs | Instantaneous dipole-induced dipole
interactions
permanent dipole-permanent dipole
interactions

CHaCHaF

CHsCHzOH | hydrogen bonding

Hencae, boiling point of
CH3CHzCHs < CH3CHaF < CHyWCH20H

Ease of liquefaction:
CH3CHzCH3 < CHaCH:F < CHaCH0H

Ans: A

az _
Option A: Incorract. Polyatomic ons, such as sulfate

“long (S0e™), consivty uf covelantbonds between the S -

and O atoms,

Option B: comact Fluorins is an example where the
covalent bordds are formed via head-on overiap of p
orbltals.

Option C: incomect. Aluminium chioride is an example
of a molecule with covalent bonds batween matals and
non-metals,

Option D: incormect A dative covalent bond is formaed
when the shared pair of electrons is provided by only
one of the bonding atoms.

Ang: B

ag
Option 1: Copper is a metal ard has a glant_metallic
lattice structure.

Option 2: Qctane axists as small digerete molecules
with covalent bonds betwean the C and H atoms.

Optien 3: Aluminium chloride exist as i dis
moleculss with covalent bonds between the Al and CI
atoms.

Option 4: Magneslum bromide Is an lonic compound
which has a glant ionlc latlice stucture,

Ans: B (1 and 4 only}

Q9
As there are 4 C=C bonds, there are 4 & bonds in total.

There are 8 C-H bonds, 8 C-C bonds, 2 N~C honds

Since Mg** has a smaller catlonic radius than Ca®, and
02 also has a smaller anlonic radius then 8%, the
Intarionic distance in MgO is the smallest and CaS has
the largest interionic distance.

Therefore, lattica energy of MgO is the most mxo_:.m_._._._m

and lattice energy of CaS s the least exothermic. <
[0
Ans:Db £
&2
©
an =
o
acid base AHau { kJ Mot
sulfuric acid sodium hydroxide 570 3
{strong acid) (strong bess) ) E
othanolc acld | potassium hydroxide | |asa nxn__..!._.:_nu
(waak acid) (strong base) than-57.0 ¢
sulfuric acid X less axothemic m.
(strong acld) (week base) than-57.0 &
W potassium hydrexida 570 =
{strong acid) {strong base) ‘

Hence X must be ammonia, and W must be hydrochlorio
acid.

Ans: A
Q2

Since half-life of Xenon-131 Is 5.3 days,
21.2

55 4 halfives have passed after 21.2 days.
4
% remaining after 21.2 days = (3) =0.0625.

Therefore, frection of isotope reacted
=1-0,0625=09375~0.94

and 1 N-H bond. So, the number of o bonds Ans:D

=B+B+2+1=17
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Q2
Hot NaOH n ethanoi results in elimination reactions.
Note: the halogen atom will be eliminated with a

hydrogen atom from an adjacent carbon atom.

Q8
Upen acid hydrolysis, the ester group forms a carboxylic

acid and an alcohol.

Note: The bottom right chain does not contain an aster
group. It is a ketone and ether.

The repeating unit Is

0
[l
|~m_|ﬁo:&a|~_‘lmlﬁzur|ot. T_s. =226
H H

11300

Baged on the My of 11300, there are —— = 50 repaat

units in the polymer. Since the repeating unit is made
up of one monomer aach, there would be 50 of each
monomer present in the nylon 6,6 molecule.

Ans: B

Q30

PVC Is unable to form hydrogen bonds as it has only
CHand CL

Ans: A
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Paper 2

1{a){¥

Since X" Is isvelactronic with Ha0", both species contain
the same number of electrons.

Number of electrons in HsO* = 10

Number of electrons in X~ = 16

Number of protons In 30 =8

Identity of X" is E-.

This indicates that significantly less energy Is needed to
remove the 3~ alectron from H. Thus, this 3@ electron in

Hs located in the valence shell that is further away from
the nucieus and is less atiracted by the nucleus.

Therefors, H g 3 valerce electrons. H bal
Group 13 of the Periodic Table.

Since the slements differs by one proton number,
eloments G, F, E and D should have 2, 1, 8 and 7
valence elactrons respectively. Thus, D Is element X
which belongs to Group 17.

(15111}
If H* where I = 1 gives 8 of +20°,

u.:Smux@.xnmc

For 0% ~2.20 = 20 x m
m=18.18

number of reytrons = 18.18 - 8 = 10.18 » 10

(bl
0 1s%2e22pF
13Al  18228? 2pf 352 3p

bl
3s orhital has a spherical shape.
3y or 3py or 3p; orbifal has & dumbbelt shape.

2

Ll + CHsCOOH — CHaCOO-LI + ¥4 Hz

The rate of bubbles formed with lithium is slower/ less
vigorous.

The valence alectron in {ithium is gloser to the nuclews
comparad fo the valance electron in oon-::._ Thus, tis
more difficult for lithium n to form
cation and lithium is Jess peactive than uoa_c_._._

© Raffles Institution 2020

2(b}(i

weakest raducing agent: KBMH4

explanation: Among the Group 1 catlons, m__ ] _mum _E<m
the same charge of +1 but K*

radlus. Hence K* has the smallest chame mnu.w_bn and
KBH. Is the weakest reducing agent,

2{b)(in

CHsCOOCH2CHs + 4{H] - 2CH:CH20H

2(c)(i}
Chlorine has a lowar bolling point because the non-

polar molacules are held by weakar nstantatecus
dipole —induced dipole Interactions {id-1d). Hence lesser
enargy s required to overcome the weak id-id
Interactions.

ICI has a higher bolling polnt becausa the polar
moleculas are heid by additional permanent dipole ~
permanent dipoje Interactions (pd-pd) and stronger id-
Id--interactions -dug- -and--mers--polarisal
elactron cloud. Hence morg energy Is required
overcome the stronger Intermolecular interactions
ICL

2{c)li)
% by mass of chlorine = 100 — 54.3 = 45.7%

Mole ratlo of fodine : chiorine
(54.3/126.9) : (45.7/35.5)
0.428:1.287
1:3

Hence emplrical formula of lodine chioride Is ICh.

()]
n(128.9 + 3 X 35.5) = 486.8
n=2

More papers at www.testpapersfree

Hence the maiecular farmula is IzCls.
x=2andy=86

31141 .
oxidation number of CI: 0to—1

axidatlon number of Mn: +2 fo +4

2({d}il
Chiorine I8 a stronger oxidising agent comparad to
bromine.

3ta)iy .
factor 1: amount of crogs-link
factor 2: the length of the polymer chaine
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GHyCOOH( + CHy{CHOH() 2 CH2COO(CH:NCHa{l) + HaOf) on addition of H*:
H
W oH __%_._ﬁu?o_qao_ .,A 1 n ._., 1 od 1 *HzN n_u coo + _m.
cha . 1.1 +1. +1, e G —Cc—
of (CHa}COH sqmimal 29 0.9 {from 2.fom 1.1 T +H" s HNTG—COOH
2.math graph) graph) CH, CHy
-mathyipropan-2-ol oin addition of O~
sla)l) amount / mol H _u
Comparing experiments 1 and 3, 4.50 fuzl._v[ooo. _ H;N—C—CO0~
when [NaOH] x 2, initlal rata x 2. &, tOHT — L +H,0
= reaction Is first order with respect to NaOH. 4.00 7} s
350 The thres isomers are:
Com paring experiments 1 and 2, ’ HOHEH.
whan [1-chiorobutans] x 2 and [NaOH} x 4, 00§ I F 1
initial rate x 8. 250 HaN—C—C—N—C—CO0H
Since reaction Is first order with respect to NaOH, i L Ho—t—en
= reaction Is first order with respect to 1-chlorobutane. 2.00 2 i 3
H
Bla)fii} 150
rate = A 1-chlorobutanej[NaOH] 1.00 _m_ M_v __._ _ﬂ
Gl 0.50 Inzimiolzlminoo:
k=0.0024 / (0.016 x 0.010)=16.0 A
units = molt Mau min-t : 0.00 = e HO—G—Ch O
time H
T{al(l)
Nitrocsllulose |s able to form favourable permapsnt I{biiv] H
dipgle-permanent dipole Interactions betwsan the palar 22,1t |
—COQ group of butyl sthanoate with the polar K= _wa um.. =0.885 _ﬂ :»zln_"lnoo:
=ONQ; groun of nitrocellulose, enabling dissolution. TR Inzih_u|m.loln_“l01u
Or Hn—a——<u CHy; O H
Nitrocslluloze Is hah.ﬂﬁhﬁn aécﬁwm Bﬂh_%-w:.ﬁﬂm By LCP, a decresse In temperature would shift the
dipole-induced dipole _interactions betweal non- posttion of equifibrium to tha (eft to favour the backward
polar hydrocarbon chaing of both butyl ethanoate and ax ic_reaction that releases heat to increase
nitrocellulosa. temperature. The new equiibium mixture would
)i} contaln more ethanolc acid utanol and less butyl
Both ethanol and butyl ethancate have simple
molecular _sfructure. As butyl ethanocate has more
slectrons / @ larger and more polarisable electron cloud,
more energy Is required to overcome the gtronger
Ingtantaneous _ dipola-induced dipole Interactions in
butyl ethanoate than the weaker hydragen bonding
batween athanol molecules. Thus, ethancl has a lower
boiling point and is more volatile.
Tayiin
Plasticisers increases the distance belween the
pelymer chains and reduges the inter-chain interactions.
flexibiiity of nail polish, making it |ass
brittle/rlgid and prevents it from chipping.
T(bE >
conceantrated sulfuric acid, heat progress of reaction
(11411} TicHi
A buffer solution is a sclution which is able to reglst pH
[CH:COO{CHz)sCHs][HzO) changes upon the addition of a gmall amount of acid or
K= bass.
fCHaCOOH][CHs(CH2)sOH]
2L Zickii)
4
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