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1 The carbon family consists of the elements of Group 14. The elements at the top of the For
group, carbon to germanium, have very different properties from those at the bottom, tin Eva’s’ger’s
and lead. For instance, Group 14 elements tend to adopt oxidation states of +4, whereas
the heavier elements, such as tin and lead, exhibit the +2 oxidation state due to the inert
pair effect.

(a) State the valence shell configuration of Group 14 elements.

Comments:
This is generally badly attempted. Many erroneous responses include electron
in box diagram, +4, p4, s?p2.

(b) One of the contributing factors to the inert pair effect is the unexpected increase in the
ionisation energies, after lead, down the group.

Explain why the 1% ionisation energies are expected to decrease down the group.

Comments:

Generally well done. Candidates were penalised for mistaking that nuclear
charge remains unchanged due to same number of valence electrons instead of
number of protons. Down the group, effective nuclear charge actually increases
slightly down the group or remains approximately unchanged and does not
really aid in the explanation for the decreasing 1% ionisation energies down the
group. Hence, the emphasis is on the decreasing electrostatic forces of
attraction between the nucleus and the valence electron being further away due
to increasing number of shells of electrons.

(c) Carbon forms carbide anion, C> in calcium carbide while silicon mostly forms Si** ions.

() Draw the dot-and-cross diagram of the carbide anion, C5 .

2—

xCexC¥

Comments:
Generally well done. Some responses were penalised for giving solely dots only
or crosses only. Candidates were reminded the purpose of the use of dots and
crosses is to distinguish the valence electrons from different atoms regardless
if they are of the same element. Also, the use of the dots and crosses also
differentiates the valence electrons of the carbon atoms from the additional
electrons from the -2 charge.

[1]
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(ii) Inaparticular experimental set-up, a beam of 28Si** ions was deflected by an angle For
of +4.2°. Assuming an identical set of conditions, by what angle will the 12C2" ions Eva’s’gers
be deflected?

2854 whose 3 = +4_ +E gives an angle of deflection, 0, of +4.2°
m 28 7
q 1
0=k| - |=+4.20=k| += | = k = 29.4
m 7
For *2C; whose a_-2_ _i,
m 24 12

angle of deflection, 6 =29.4 x 1 =—-2.45°
12

[1]
Comments:
Generally badly done. Many erroneous responses failed to recognise that there
are 2, not just 1, carbon atoms in the 2C;~2 ions. Omission of the negative sign
is common. Candidates are reminded of the importance of the sign as it indicates
the direction of the deflected beam of ions.

(d) Table 1.1 shows that the melting points of the elements of Group 14.

Table 1.1
element C Si Ge Sn Pb
melting point / °C >3550 1410 937 232 327

Carbon, silicon and germanium each form a solid with the same type of structure. Using

bonding and structure, suggest why the melting points of these elements decrease
from carbon to germanium.

Comments:

Generally well done. Common mistakes include omission of the bonding and
structure, failure to recognise that germanium is of the same bonding and
structure as carbon, silicon as stated in the question stem or mistaking carbon,
silicon and germanium to be of giant metallic lattice structure. Another common
mistake is that of breaking of ionic bonds or intermolecular instantaneous
dipole-induced dipole interactions in the giant covalent structure. Several
candidates also tried to replicate their response to Question 1(b) here failed to
recognise that this question is on chemical bonding rather than atomic structure
in Question 1(b).

© EJC 9729/02/32PE/22 [Turn Over



(€)

Carbon forms many allotropes such as graphite and diamond. Recent scientific
research has found that replacing the graphite electrodes with graphene in lithium-ion
batteries can extend battery life.

(i) Grapheneisasingle, one atom thick layer of graphite. Describe the hybridisation
of the orbitals in, and the bonds between, the carbon atoms within graphene.

Each carbon atom is sp? hybridised, and forms 3 ¢ bonds via head-on overlap

Comments:

Generally badly. Many candidates merely indicated that strong covalent bonds
are formed between the hybridised orbitals without indicating sigma bonds are
formed due to head-on overlapping of hybridised orbitals. Omission of the
explanation of pi bonds being formed from side-on overlapping of the
unhybridised p orbitals is common as candidates recognise that both sigma and
pi bonds are formed between carbon atoms. Reference to the bond angles or the
molecular shape with respect to the carbon atoms does not warrant any credit
since this is not a requirement of the question.

(ii) Using your answer from (e)(i), explain why graphene can conduct electricity along
the plane.

Comments:

© EJC

Generally well done. Candidates are reminded that terms such as lone pair of
electrons are not acceptable here since the mobile carriers are the delocalised
sole unpaired electrons in unhybridised 2p orbitals. Also, there is no ‘sea’ of
delocalised electrons since there is no metallic bonding here.

(iii) State and explain how you would expect the bond strength of carbon-carbon
bonds in graphene to differ when compared with that in diamond.

the C-C bond in graphene, while there are only ¢ bonds present ir]

diamond..
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Comments: For
Generally badly done. Most common mistake include inferring that diamond has | Examiner’s
stronger carbon-carbon bonds than graphite due to more extensive covalent Use
bonds in diamond than graphite and absence of instantaneous dipole-induced
dipole interactions without recognising that the question is asking for
comparison of the bond strength of covalent carbon-carbon bond in the 2
allotropes of carbon. Responses that involve ring strain, comparison of bond
angles in diamond and graphite are also not acceptable since ring strain is not
main factor in affecting bond strength here.

(f) Diamond and graphite are allotropes of carbon. Fig. 1.1 gives the structure of diamond
and graphite. Diamond is an important abrasive while graphite is used as a lubricant.

O : carbon atom

diamond graphite

Fig. 1.1

(i) Explain why the sign of the entropy change for the conversion of diamond to
graphite is positive.

Comments:

Generally well done. The most common mistake is the omission of the
description of the structure of diamond being more orderly, rigid or fixed due to
the extensive network of covalent bonds between the carbon atoms in
comparison with the relatively more disorderly state of graphite due to the
mobility of the layers of carbon. The presence of mobile electrons can contribute
to, but not the sole explanation for, the relatively more disorderly state in
graphite. Many candidates also mistake the lower density or physical state of
graphite being liquid while diamond is solid to be reason for the increased
entropy. In addition, responses that make reference to energy absorbed during
bond breaking in the conversion of diamond to graphite are penalised as it is
evident that they are confused between the terms of entropy change, AS, and
enthalpy change, AH.
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(i) The standard enthalpy change of reaction for the conversion of diamond to
graphite is exothermic. Explain whether the conversion of diamond to graphite is
spontaneous at all temperatures.

Since AS > 0, =TAS is always negative at all temperatures.

Comments:
Generally well done. The most common mistake is not recognising that
temperature cannot fall before zero kelvins, not zero degrees Celsius when using
AG = AH - TAS.

(iii) In daily life, we do not observe diamond converting to graphite readily. Explain why
this is so.

takes place at a very slow rate. [1]

Comments:
Generally well done. The most common mistakes include recognising that
diamond has high melting point or many strong covalent bonds without making
reference to how fast or slow the reaction is. Several candidates were also
penalised for linking high covalent bond strength to being not energetically
feasible rather than being slow reaction and therefore not kinetically favourable.

(g) A three-membered ring cycloalkane, CsHio, gives only two mono-brominated products
with Brz under uv light. Only one of the two mono-brominated product is chiral. Give
the structural formulae of the cycloalkane and the two mono-brominated products
formed. State the ratio in which the two mono-brominated products will be formed.

Br
></Br
bromoalkane A bromoalkane B

ratio of the products A:B=6:4=3:2 [3]
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Comments:

Generally well done. The two most commonly wrong cycloalkanes are as

follows:

forms 3, not just 2, monobrominated products which are as follows:

~_ - 7

N

J

&
>
E \ forms 4, not just 2, monobrominated products which are as follows:
Br
Br
Br
Br

N

J

Also, candidates who did not indicate clearly the ratio was meant for which
brominated products clearly were penalized. Other common mistakes include
failure to read question carefully that a 3-membered ring cycloalkane was

expected, not cyclopentane or an aliphatic alkane.

[Total: 20]

2 (a) The reaction of secondary halogenoalkanes with NaOH(aq) may be a first order or

second order reaction.

0.0500 mol dm=3 (CsHs)CHBrCHs; was reacted with 2.00 mol dm= NaOH(aq) at a

constant temperature and the half-life is constant at 277 seconds.

(i) Explain the meaning of the following terms:
o order of reaction
¢ half-life
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Comments:

This two definition questions are generally badly done. Candidates missed out key
words important for defining the terms, or used the wrong terms, such as ‘compound’
or ‘substance’, instead of the correct term ‘reactant’.

(ii) Although the half-life of the experimental study is constant, explain why the
half-life of the reaction cannot be used to determine whether the reaction takes
place via an Sny1 or Sn2 mechanism.

Comments:

Generally well done. A very common misconception that arises from this question is
that (CeHs)CHBrCHsis a secondary halogenoalkane, hence it can react via Sy1 or Sy2
mechanism. However, this is not true as the question is with respect to the reaction
stated in 2(a), where [NaOH] is in large excess, and reaction is a pseudo 1% order
reaction.

(iif) Optically pure (CeHs)CHBrCHs reacts with NaOH via an Sy1 mechanism. Describe
the mechanism. In your answer, show any relevant charges, dipoles or lone pairs
of electrons you consider important in the mechanism.

C—Br —— C+ + Br
\CH3 \CH3
/HK\— fast /H
Ordireon = O-dee
CHj3 CHj

[2]

Comments:
Many candidates made the following mistakes when drawing mechanism:

© EJC

no partial charges/ full charge

wrong direction of arrow

in the fast step, the tail of arrow is not at lone pair on O of OH", and head of arrow
is not directly pointed at C with positive charge.

Br-missing for slow step

Missing slow/ fast steps labelling

9729/02/32PE/22

For
Examiner’s
Use



(iv) Suggest, with reference to the mechanism in (a)(iii), why the product does not
rotate plane polarised light.

Comments:
Generally well done!

(v) With reference to the mechanism in (a)(iii), write the rate equation for the reaction
between (C¢Hs)CHBrCHs and NaOH(aq). Hence, calculate the rate constant.

rate = k[(CsH;)CHBrCH, ]

(, -2
%k
(- n2
b
_In2
- 277s

=2.50x10°s™ (to 3 s.f)

[2]
Comments:
Generally badly done. Some candidates did not write the rate equation with reference
to (a)(iii). For those who wrote the correct rate equation, some were not able to calculate
rate constant even though this is a simple and direct calculation. Many candidates also
missed out the units for rate constant which is not acceptable as values without units
cannot be accurately defined.

(vi) Suggest and explain how the rate of reaction would change if

¢ the temperature of the reaction was increased
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Comments:

Very few candidates managed to score full credit for this question. A common mistake
includes missing out the phrase ‘increase in frequency of collisions’, as most
candidates only wrote ‘increase in frequency of effective collision’. When temperature
increases, the reactant particles collide more frequently and with more energy, which
explains why both ‘frequency of collision’ and ‘frequency of effective collisions’
increase.

e (CsHs)CHBrCHswas changed to (C¢Hs)CHCICH3 of the same concentration.

Comments:

Generally badly done. Many candidates have this common misconception: Clis more
electronegative than Br, which makes C-CI bond more polar, and thus C-CI bond is
weaker than C-Br bond and easier to cleave. A more polar C-Clbond does not mean it
is a weaker bond.

(vii) Water is a more polar solvent than ethanol. With reference to the mechanism in
(a)(iii), explain why the rate of Sy1 substitution is lowered when NaOH(aq) is
replaced by ethanolic NaOH.

Comments:
Only a handful of candidates managed to get credit for this question.
The common misconceptions in this question are:
1) NaOH is less soluble in ethanol, thus in ethanol, [OH] decreases, and react of
reaction decreases. However, NaOH is not in the slow step of Sy1 mechanism.
2) Elimination of HBr occurs when ethanolic NaOH is used. Even if elimination
reaction occurs, it should not affect the rate of nucleophilic substitution.
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(b) The Haber process uses atmospheric nitrogen and hydrogen to produce ammonia gas.
When a mixture comprising 1.0 mol of nitrogen and 3.0 mol of hydrogen initially was
left to equilibrate in a closed vessel maintained at 500 °C and 250 atm, 0.70 mol of
ammonia was attained when the system reached equilibrium.

(i) Calculate the K, for the following equilibrium.
N2 + 3H, = 2NH3

N + 3H, = 2NH3
initial amt / mol 1.0 3.0 0
change in amt / mol -0.35 —0.35%3 +0.70
equilibrium amt / mol 0.65 1.95 0.70

total amount of gas at equilibrium: 0.65 + 1.95 + 0.70 = 3.30 mol

0.70 2
(Pus) (3.30*250)

p 3 3
Py, X(sz) (O'Bsxzsojx(l'gs ><250j
3.30 3.30

=1.771%x10"° atm™
=1.77x10% atm™

[3]
Comments:
Generally badly done. Majority of the cohort did not know how to calculate partial

pressure of the respective gases, and hence K,. Some candidates tried to calculate
concentrations of the reactants and products to substitute into the K, expression,
which is worrying!

Candidates should try to leave the units of K, in atm (as given in the question) instead
of Pa, to avoid the hassle of units conversion and the possibility of making conversion
error.

(ii) Hence or otherwise, calculate the K, for the following equilibrium.
4NH3; = 2N + 6H;

(Po) () - )

1.771x10°° atm™

p 2
(pNHS)
=3.19%x10° atm*

[1]
Comments:

Generally badly done. Many candidates do not know how to relate the K, in question (i)
tothe new Ky in (ii), and just inverted the K, in (i) without squaring the whole expression.
Candidates also failed to realise that the units of K, in (ii) will change.
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(itf) Helium gas was injected into the equilibrium mixture under constant volume.
Explain how the amount of ammonia would change.

partial pressures of the reactant gases and products. ............................... [2]
Comments:
Generally badly done. Many students could state that the amount of ammonia would
not change, but could not give the reason. Common mistakes include:

1) Total pressureincreases and hence POE shifts to the right to decrease pressure,
and amount of ammoniaincreases. This is not true as the mole fraction of gases
decreases, which offsets the increases in total pressure, hence partial pressure
of gases remains the same.

2) Temperature is the same, hence K, does not change and amount of ammonia
does not change. However, this is not true as even though K, does not change,
it is still possible for the partial pressure of gases to change, which will affect
the final amount of gases.

[Total: 20]

3 For redox reactions in acidic medium under standard conditions, their E® values from the
Data Booklet are valid only at pH 0. However, the pH in typical biological systems is usually
around 7. Hence, a new type of reduction potential specific to pH 7 has been defined, which

is known as formal reduction potential, E

formal *

The E® and ES

formal

values for some important reactions are given in Table 3.1. Reactions

which E© values have not been experimentally determined are not indicated.

Table 3.1
half-equation E®/V Eformar /V
1 | Oz +4H* + 4e- = 2H0 +1.23 +0.82
2 | oxaloacetate + 2H" + 2e~ = malate +0.33 -0.17
3 | NAD" + 2H* + 2e- = NADH + H* -0.11 -0.32
4 | FAD + 2H* + 2e- = FADH; - —0.22

(a) Based on the data in Table 3.1, explain why the E__ is less positive than E* for the

formal

reduction of O; gas.

Eo .. is measured at pH higher than 0. Hence, [H']_is_lower than 1 mol dm=,

cefammal. L T T LT LT

Comments:
This was generally well done. The main wrong answer given was that pH 7 has a higher
concentration of H* than pH 0 since the pH is higher.
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Fig. 3.1 shows the schematic diagram of the citric acid cycle that involves some application
of reactions given in Table 3.1. All reactants and products involved in the citric acid cycle
are in the aqueous state.

oxaloacm
II/&?NADH + H

citraje

malate NAD* \

H20
fumarate

FADH, ,
\é_ FAD .,
4

succinate ’

~ (4
- -
-
il R

- W

Fig. 3.1
(b) FAD and NAD" are two oxidising agents used in the citric acid cycle. With reference to

the E_, valuesin Table 3.1, explain whether FAD or NAD" is a better oxidising agent.

The Eg... for the reduction of FAD is less negative (or more positive) than the

Comments:
This was generally well done. Students who lost credit here stated that FAD has alarger
ES. . than NAD* without specifying that it is more or less negative.

(c) Calculate AG?__ for step II.

formal

EG

cell, formal

— Ee EO

red, formal ~ —oxd, formal

=-0.32—-(-0.17)=-0.15V

AGE,., = -2x 96500 (-0.15)
=+29.0kJ mol™

[2]
Comments:
This was surprisingly poorly done. Many did not realise that step Il is a complete redox
reaction! Many calculated the AGS = for either the conversion of malate to

formal

oxaloacetate or the conversion of NAD* to NADH + H*. Many also forgot about the ‘-’
sign in front of the -nFE. Many also did not know the units of AGS__and gave it as CV.

formal

It should be J mol? or kJ mol?. Many also did not use the EZ, to guide them in

cell, formal
checking the sign of the calculated AGg,., . If theE2, ,ma iS Negative, then the AGS,
must be positive!
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(d) Inthe citric acid cycle, it is noted that the consumption of oxaloacetate in step I occurs
at a much faster rate than the production of oxaloacetate in step II.

(i) State the effect on the concentration of oxaloacetate due to the difference in
reaction rates of the 2 steps.

The.concentration of oxaloacetate remains low OR close to zero. [1]

Comments:
This was generally well done. Answers stating that the oxaloacetate concentration
would decrease were accepted.

(i) Based on your answers in (¢) and (d)(i), suggest how this can cause step II to
become more spontaneous.

As_ the  concentration  of oxaloacetate  remains. _low . making

Comments:
This part was extremely poorly answered. Almost all answers did not differentiate

between E,,, (oxaloacetate|malate) and Eg, . (oxaloacetate|malate) , as well as

formal

between E_ oma anNd  E2 oma A majority of students wrote that will
Efoerma,(oxaloacetate|ma|ate) become more negative, thus making Eg oma MoOre

positive. Please remember that any kind of E® will NEVER change! Once the
concentration or pressure varies from standard conditions, the standard sign must be

omitted!

Many answers that were penalised vaguely mentioned that the E,, ., will change,

formal

without specifying which reaction it is referring to. Is it E,,, (0xaloacetate|malate) or

E

formal

?
cell, formal -
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(e) A student was tasked to electroplate the surface of a steel tank with copper metal using
the set-up in Fig. 3.2. A galvanic cell to generate the electricity is required for the
electroplating process.

Pt electrode Pt electrode
7/ j \ [z
4 ( salt bridge 1 N
| AN EEEE B EEE e EEEEEE N ERE '\
\125:525':525:5;9 \::E:EZEF:E:EJ
1 mol dm= Fe?(aq), 1 mol dm= Mn?*(aq),
1 mol dm- Fe¥(aq) 1 mol dm-* Mn*(aq)
copper +|
— | electrode ~L steel tank
[-InIzizizizil |rIzizizizizig——1 mol dm CuSO,(aq)
t:::::::::::::::::::::::::::J
Fig. 3.2

(i) With reference to the Data Booklet, construct an equation for the overall reaction
in the galvanic cell.

Mn3* + Fe?* — Fe®" + Mn?* [1]

Comments:
This was decently done. Some students were confused as to which was the galvanic
cell and erroneously included components of the electrolytic cell in this answer.

(ii) Indicate the polarity of the electrodes in both the galvanic and electrolytic cells and
the direction of electron flow between the galvanic and electrolytic cells in Fig. 3.2
3]
Comments:

This was very poorly done. Firstly, some students erroneously drew the electrons
flowing across the salt bridge. A simple way to remember this is that “electrons cannot
swim” (please note that this is not an official way of answering questions. It is merely

a way to help you remember this concept.).

Secondly, some students do not seem to understand the term ‘polarity’. This refers to
whether the electrode is positive or negative, not whether the electrode is a cathode or
an anode.

Thirdly, many students seem to be fixated on the idea that electrons always flow from
the negative electrode to the positive electrode. You must remember the direction of
electron flow and the respective polarities of EACH TYPE of electrochemical cell. This
is why students are NOT ENCOURAGED to memorise polarities of each type of cell as
it is likely that you will recall the wrong ones, especially when the question combines
both the galvanic cell and the electrolytic cell into one single circuit. You should
memorise AN OX and RED CAT and derive the polarities from there.
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(iif) Explain why the electrolytes used in the galvanic cell need to be separated into

two half-cells in Fig. 3.2.

If the contents of the two half-cells in the galvanic cell were mixed, then a

Comments:
This part was answered decently. Incomplete answers normally gave the answer as ‘to
prevent the reactants from mixing’ without explaining why they cannot be mixed.

(f) Celestine is a blue mineral that contains SrSO4. When SrSO; is heated strongly, it

decomposes to form a metal oxide and releases two different colourless gases. One
gas rekindles a glowing splint, while the other is SO,.

(i) Construct the balanced equation, including state symbols, for the thermal

decomposition of SrSQO,.

RSO4(s) 2. RO(S) +.502(9) £.7202(0) ..., [1]

Comments:
Many did not read the question and left out the state symbols. Some did not balance
the equation properly and left out the % in front of the O,.

(ii) Explain why SrSO, decomposes at a higher temperature than MgSOa..

Comments:

Many students still did not attend to details in their answers. Many stated that Sr has a
larger ionic radius than Mg, resulting in a lower charge density. Sr and Mg are atoms
and have no ionic radii and charge densities! Some students were also unaware that it
is the polarising power of Sr?* affecting the intramolecular covalent bonds of SO4* that
results in a higher decomposition temperature, not the ionic bonds in SrSOa..

© EJC
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(itf) 5.00 g of SrSO4 and MgSO4 were separately heated strongly using the same heat For
source for an extended period of time. Fig. 3.3 shows how the volume of gas varies Exa[jns’gers
with time of heating for MgSOa. Sketch on Fig. 3.3 the graph of total volume of gas
evolved against time of heating for SrSOa.

volume of gas evolved
A

MgSOa4

SrSO4

time
Fig. 3.3
(2]
Comments:

This was poorly done. Many took the 5.00 g of SrSO4 and MgSOQO, at face value and
immediately showed the SrSO4 graph ending at the same level as the MgSO, graph.

(iv) When 2.15 x 108 mol of SrSO, powder is added to 25.0 cm?® of 0.400 mol dm—
K2SOs(aq) at 298 K, the solution of SrSO, just reaches saturation with all the
SrSO, dissolved. Calculate the Ksp of SrSO4 and state its units.

Based on the question, all the SrSO4(s) has dissolved.
SrS0O4(s) = Sr?*(aqg) + SO4%(aq)
S s +0.400

SrSO4 = Sr?*

[Sr?*] = (2.15 x 1078)(1000/25.0) = s
=8.60 x 10-" mol dm=

Ksp = s(s + 0.400)
=(8.60 x 107)(8.60 x 10~ + 0.400)
=3.44 x 10" mol>dm=°

(2]
Comments:
This was reasonably well done. Wrong answers generally showed attempts at finding
the amount of SO,%, without realising that the Ksp is to be calculated from concentration
instead. Some answers reflected correct numerical values of the final answer but did

not give the correct units.
[Total: 18]
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4 Phenylamine, CsHsNH>, is the simplest aromatic amine. Its main use is in the manufacture
of phenyl isocyanate, CéHsNCO, a precursor to polyurethane, dyes, and other industrial
chemicals.

(@) The carbon atom of the isocyanate group has a similar shape as that in CO,. Draw the
displayed formula of phenyl isocyanate, CeHsNCO.

[1]
Comments:
Kekule structure is not awarded marks — benzene must be drawn correctly to
show the resonance of electrons. A small handful of students also connected
the isocyanate at carbon atom (instead of N atom), and gave the wrong
structure.
The drawing of displayed formula also needs to consider the shape of the
molecule (as per the first line of the question). Hence, structures drawn also
need to observe linear shape at C.

(b) The shape of the nitrogen atom of phenyl isocyanate is bent. Hence, state the
hybridisation state of the nitrogen atom of phenyl isocyanate. Suggest a bond angle
for this nitrogen atom.

Comments:

Some students did not recognise the correct hybridisation state for the N atom, hence
no credit can be awarded for subsequently guessing a correct answer as that did not
show any understanding. There was also weak understanding of the hybridisation, with
some students even proposing sp* hybridisation.

(c) At 380 °C, 1.00 g of gaseous phenylamine has a measured pressure of 950 kPa and
volume of 5.90 x 107° m3.

(i) Assume ideal behaviour, show the molar mass of phenylamine is 96.8 g mol2.

assume ideal behaviour,
pV = nRT = 5RT
y _ MRT _ 1.00x8.31x (380 +273)
PV (950x10°)x(5.90x10°°)
=96.8 g mol™

[1]
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Comments:
Generally well done. Answers which did not show the substitution of the values cannot

be awarded any credit, as they did not lend any evidence to demonstrate students’
understanding.

(i) The actual relative molecular mass of phenylamine is 93.0. As all the data are
measured accurately, explain why the experimental calculated molar mass in (c)(i)
is higher than the actual value.

Comments:

Some students forgot that the value for volume is already a measured value, and tried
to explain “discrepancies between measured volume and actual volume”, and that
made no sense. Since all the values used are measured (actual) values, then the fault
in fact lies with the ideal gas equation (need a better equation that better reflects
behaviour of real gas!).

Ideal gas equation does not give a good value because p in ideal gas equation does not
consider intermolecular forces of attraction (i.e. actual p smaller than ideal p) and
volume of molecules (i.e. actual V smaller than ideal V). So this means that to get a
closer value to the actual relative molecular mass (which is smaller), a larger pV value
ought to be used.

It is also necessary to explain why the experimental calculated molar mass is higher
instead of simply being different.

(d) When an equimolar mixture of phenylamine and ethene oxide is heated, a mixture of
products was formed via the nucleophilic substitution mechanism.

Compound X that is first formed reacts further with unreacted ethene oxide, giving
compound Y as the major product.

0

HO HO OH
NH, /\ SONH SN
ethene oxide
> +
heat
compound X compound Y

(major product)
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(i) Explain why ethene oxide reacts preferentially with compound X, rather than with
phenylamine itself.

Comments:

Some students have poor recognition of which the nucleophile or electrophile is —look
at Compound X and Y, and you will realise that N is joined to C (instead of O is being
joined to N). There were a handful of students who argued that the O on ethene oxide
attacked the phenylamine, which was confusing.

Some students confounded the activating/ deactivating effect of a substituent on
benzene ring with that for an alkyl chain. In the benzene ring, the mesomeric effects are
also taken into account for activating/ deactivating effect, hence -OH is activating due
to -I/+M. For an alkyl chain, the -OH is electron-withdrawing as O is electronegative.

Inductive effect decreases with distance. Hence, the electron density on the N atom
increases even if O is highly electron-withdrawing.

(i) Besides compound Y, the reaction between compound X and unreacted ethene
oxide also gave a byproduct, compound Z, via nucleophilic substitution.

Compounds Y and Z are constitutional isomers. Suggest the structure of
compound Z and explain why compound Z is not formed in significant quantities
as compared to compound Y.

HO/\/O\/\NH

Explanation:.Q.atom_is more electronegative than N atom on compound X.

Hence, the O atom in compound X is less likely to donate its lone pair of
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Comments:

Some answers proposed a product based on the electrophilic substitution on the
benzene ring, which was clearly wrong. The question had in fact suggested that the
product formed should be based on nucleophilic substitution.

The only other atom capable of effecting nucleophilic substitution is the O atom, albeit
this is a poor nucleophile due to O being more electronegative. Some answers
suggested that it was the C atom that contained the lone pair, which made absolutely
no sense as there are no lone electrons on C.

Some answers even suggested that the ethene oxide attacked the C atom (on the alkyl
chain) of Compound X, which was strange as there are no good leaving groups.

(e) The reactivity of three nitrogen-containing compounds with aqueous bromine is shown

in Table 4.1
Table 4.1
CH,NH, NHCOCHj; NH»
benzylamine acetanilide phenylamine
reactivity with Br,(aq) . mono-substitution | tri-substitution of
no reaction : .
at room temperature of benzene ring benzene ring

(i) Explain the difference in the reactivity of the three compounds with Brz(aq).
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Comments:

It is incorrect to say that only the -CH;NH, group is electron-withdrawing
because of the -NH, group. In fact, the -NH2 group bonded to the benzene ring in
phenylamine and the -NHCOCHs are all electron-withdrawing. So, what gives rise
to the difference in reactivity?

It is the electron-richness of the benzene ring. Hence, the given explanation.
Many say that the -CO- group in -NHCOCH; withdraw electron density from the
N atom, hence, decreasing the delocalisation of lone pair on N into the benzene
ring. IT IS IMPORTANT to REMEMBER that for amide, ya -NHCOCH; is an amide,
the lone pair CAN delocalise into the C=0 group! Hence, making amide a neutral
compound at A-level.

(ii) Write a balanced equation for the reaction between phenylamine and Brz(aq) at
room temperature.
NH,
Br: Br
+ 3Br, — + 3HBr

NH,

Br
(1]

Comments:

(f)

© EJC

Take note, FOR A-level, benzene ring undergoes electrophilic substitution!
Hence, if Br-Br is to make an electrophilic attack on phenylamine, you can
imageine the attack as being made by a “Br*”, which means the “leftover” Br- (a
nucleophile) CANNOT attack the electron-rich benzene again. Hence, the correct
balanced equation MUST have three HBr lah.

Take note because it is Brx(aq), therefore, we cannot have HBr(g) ah!

Lysine is an a-amino acid that is used in the biosynthesis of proteins.

NH,
HZN/\/\)\COZH

lysine

It is an essential amino acid because human body cannot make it, so it must be
obtained from food.

The pKy, values of lysine are 11.8, 5.1 and 3.5, with the a-amino group being the weaker
base between the two amino groups.
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(i) The fully deprotonated form of lysine is shown in Fig. 4.1. Fill in the pKy values in
the respective boxes.

5.1
NH,
HZN/\/\)\COZ‘
35 11.8
Fig. 4.1 1]

Comments:

The more available the lone pair of electrons, the larger the Ky, the SMALLER
the pKy. Many will think that -CO;~ will be a stronger base because it has a
negative charge. This is incorrect, why? RCO:H is a stronger acid than NH,",
hence, RCO;  must be a weaker base (more stable) than NHs. Giving RCO;™ the
largest pKj value.

You will ask, how do we know? (NH4).COs3 exist, for those that bake will know
BUT RCO;H and Na;COs; cannot coexist as the acid will decompose the
carbonate.

(i) Suggest a reason why the a-amino group of lysine is less basic than the amino
group on the side chain.

the nitrogen. of. the. a-amino.group.is less. available.to0.act.as.a base................ [1]

Comments:

© EJC

Take note that the alkyl group is common to BOTH -NH; group. Hence, you
CANNOT use the “electron-donating of alkyl group” to explain why the a-amino
group of lysine is less basic than the amino group on the side chain!

But if you look at the a-amino group, did you notice that it is closer to the
electron-withdrawing -CO2~ group?

It is NOT POSSIBLE for the lone pair on the N atom of -NH to delocalise into the
-CO2 group because there is an sp® carbon (the a-carbon) in between. Very
similar to the benzylamine question in part (e)(i).

(iii) Draw the zwitterionic form of lysine and state the pH range at which the zwitterion
will exist as the major species.

PH FANGET oo 8 10 [1]
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Comments:

Take note that a zwitterion is a NEUTRAL patrticle, containing equal number of
positive and negative charges!

How to determine how the zwitterion looks like? Imagine the fully protonated
lysine, thereis a-CO.H and two -NHs". If you added OH~, which will be neutralised
first? It would be the -CO2H first (as it is the most acidic), follow by the —NHz*
bonded to the a-carbon (because this —NHs* group is bonded nearest to the
electron-withdrawing -CO2H, hence the electron deficiency on the N atom is
greater than the =NHs* group on the side-chain OR from part (e)(ii), the lone pair
of the -NH. bonded to the a-carbon is the least basic, hence it “wouldn’t like” to
“hold on to a H").

The above explains why the zwitterion looks as such!

Next, why the pH range is as such? At the 1°' endpoint, we have one -CO; and
two —NHs" groups, which means, we will be at a pH value that is after the pKa of
-COzH, which is 14-11.8 = 2.2.

After the 2" endpoint, we will have the -NHz* on the a-carbon being neutralised.
Which means the pH value will be after the pKa of -NH3" on the a-carbon, which
is 14-5.1 = 8.9.

Hence, the pH range for the zwitterion will be between the pKa of the -NHs* on
the a-carbon and the pK, of the -NHs" on the side-chain (14-3.5 = 10.5).

(iv) The zwitterion of lysine can act as a buffer agent in the blood. Write an equation
showing how the zwitterion regulate the pH when a small amount of acid is added.

+
NH, NH,

+/\/\)\ HY —
TRY CO,” TRY CO,

2

[1]

Comments:
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As from part (e)(ii), the -NHz on the a-carbon is more basic than the -CO;~, hence,
it will be the one that accept the H".
[Total: 17]
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