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Section A
Answer all the questions in this section.

1 Halogens are powerful oxidising agents, and the oxidising power of halogens may be
understood via the energy cycle in Fig. 1.1.

11 HI1
4 _— _ —_—
fXg(! Vi, e . V- i

AH ]

Fig. 1.1

The corresponding values of some of the energy terms are given in Table 1.1.

Table 1.1
energy term 1 energy term 11 energy term III
(kJ mol™") (kJ mol™) (kJ mol™)
F +79 -328 —506
Cl +121 -349 -364
Br +112 -324 -335
1 +107 ~295 -293
(a) (i) Name the three energy terms, 1, IT and I 2]

©EJC

(it} Explain why energy term I becomes less endothermic moving down the group
from chlorine to iodine. [1]

(iii) Explain the exceptionally low value for energy term I of fluorine, in contrast to
that of the remainder of the halogens. 1

(iv) Explain why energy term II becomes less exothermic moving down the group
fromm chiorine to iodine. 11

(v) Using values from the Data Booklet, account for the difference in the values of
energy term IIL [2)
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Alanine, which is found in a variety of food sources, is an amino acid that can be derived
from propanocic acid. One of the methods to obtain alanine from propanoic acid is
illustrated in the pathway below.

COH Bro(g} \‘/COZH \l/COZH
S~ 2 —_
uv light Br NH2

alanine

propanoic acid
(b) (i) Outline the mechanism for the formation of 2-bromopropancic acid via the
reaction between propanoic acid and bromine gas. [3]

(i) In the reaction between propanoic acid and bromine gas, the relative rate of
abstraction of primary, secondary and tertiary hydrogen is in the ratio of 2: 3 : 6.

Draw the structures of all mono-brominated products formed, including
stereoisomers if any, and state their relative proportion. i3]

{iit} With reference to (b)(i) and using relevant values from the Data Booklet, explain
why free radical substitution is rarely performed to produce 2-iodopropanoic acid.

[21
(iv) State the reagents and conditions for the formation of alanine, CHsCH{NHz)CO:H,
from 2-bromopropanoic acid. M
........................ USRS PR RS S RC S
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A more efficient method of synthesising 2-bromopropanoic acid is the Hell-Volhard-
Zelinsky (HVZ reaction), shown in Fig 1.2.

CHSCH2C02H C3H5OBT C3H4OBT2
A B
H,O
CH3CHBTCOzH
2-bromopropanoic acid
.Fig 1.2
(c) (i) Draw the structures of Aand B. [2]

(i) A canundergo isomerisation to give an enol C which reacts with bromine to form
B via a mechanism similar to the electrophilic addition of alkenes, as shown
below. Re-draw the step and show the movement of electrons involved. Show
any relevant lone pairs, dipoles and charges, and indicate the movement of
electron pairs with curly arrows.

H Br H Br

y / \ / )
C=C + Bry H,C—C—C + Br~
\ / NS
HzC O—H Br —
encl C 2]
[Total: 20]
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2 Amino acids are the building blocks of proteins. Some examples of amino acids are given

in Table 2.1,
Table 2.1

formula of side chain
(R in RCH(NH;)CO2H)

glutamic acid -CH.CH:CO-H
lysine ~CHzCH2CHzCH:NH:

tyrosine —CH2©OH

{a} The three-dimensional form of a local segment of a protein, known as the a-helix, is
shown in Fig. 2.1.

amino acid

Fig. 2.1

(i} State the type of interaction between the peptide linkages in the a-helix. 1]

(i) Describe briefly the side chain interaction between glutamic acid and lysine,
ilustrating your answer with a suitable diagram. 1]
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(b) Amino acids are soluble in both dilute acids and dilute alkalis due to the ability to exist
as zwitterions.

(i) Explain a physical property of amino acids that arise due to the formation of
zwitterions. (1]

(i) There are three pK; values associated with glutamic acid: 2.1, 4.1 and 9.5.

pK,3 = 9.5
"NH;
HO,C CO,H
pKop = 4.1 pKy = 2.1

Make use of these pK, values to suggest

l. the structure of the major species present in a solution of glutamic acid at
pH 6.0, and

Il. a pH at which the predominant species of glutamic acid is a zwitterion. [2]

(iii) There are three pK, values associated with tyrosine: 2.2,9.1and 10.1.

Ky =101
Pfia3 Ko = 9.9

HO
"NH;

CO,H
pKay =22

Explain the difference between the pKa, and the pKas of tyrosine. (2]
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10

(c) Compound E, CiHisOsN, is also soluble in both dilute acids and dilute alkalis. One

©EJC

mole of E undergoes complete neutralisation with 2 moles of NaOH. However, no
gas is evolved when sodium carbonate is added to E.

Compound E reacts with hot acidified potassium dichromate (V1) to form F, which
gives a positive result with 2,4-DNPH but not with Toliens’ reagent. Upon heating E
with ALO; compound G is formed. On heating G with acidified potassium
manganate(VII), the products formed are H and I, CsH;0.

(i) Deduce the structures for each lettered compound, E to I, and explain the
chemistry involved. [10}

(i) Compound G undergoes catalytic hydrogenation when heated with hydrogen

gas in the presence of nickel. Describe how nickel acts as a catalyst in this
reaction. [3]
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[Total: 20]
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3 Carbides are compounds that are formed by a metal or a semi-metal and carbon, which
possesses the higher electronegativity. Depending upon the difference in the
electronegativities (DEN) between carbon and the metal/semi-metal, several classes of
carbides are usually distinguished, among which are the
« salt-like carbides with high DEN and ionic properties, e.g. Na.Cs, M@:Cs, AlLCa. and
» covalent carbides with small DEN and strong covalent bonding, e.g. SiC, BsC.

Across period 3, the carbides formed by the elements are:

group 1 group 2 group 13 group 14
Na:2C: Mg.C ALC3 Sic
MgC:
Mg2Ca

The class of salt-like carbides is further divided into three groups:
. methanides with C* anions, e.g. MgzC and ALCs
« acetylides withC2~ anions, e.g. Na;C> and MgCz

« allylenides withC;" anions, e.g. Mg.Cs

{a) Explain why the DEN decreases across period 3, from NazC; 1o SiC: 1

(b} (i) Draw the dot-and-cross diagram of the Cg‘ anion and state the hybridisation of

the carbon atoms. 2]

(i) Aluminium oxide, ALOs, is predominantly ionic, but aluminium chloride, AlCl, is
predominantly covaient.

Use data from the Data Booklet to suggest why the ionic nature of the bonding
in ALCs is unexpected. (2]
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(c) The saltlike carbides undergo complete hydrolysis in water as the anions are very
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strong Brgnsted-Lowry bases.
The methanides, Mg.C and ALCs, both undergo hydrolysis in water to yield methane.

(i} Suggest a balanced equation, and state the observations for the complete
hydrolysis of sofid Al,Ca in water. 2]

(i) Mg.C is hydrolysed immediately by moisture in the air, while ALCais hydrolysed
over a few hours in water. Suggest a likely reason for the differences in rate of

hydrolysis. [2]

The hydrolysis of the allylenide, Mg2Cs, in dilute sulfuric acid yields two orgaric
hydrocarbons, of which one is propyne, HCECCHa.

(iii) The structure of the C; anion is shown.
c=c=¢]"

Suggest the mechanism for the formation of propyne from the hydrolysis of
MgzCs, assuming that dilute sulfuric acid produces proton, H', as the reacting
species. Show all charges and relevant lone pairs and show the movement of
electron pairs by using curly arrows. 2]
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{(d) MgC. was first prepared in 1910 by the reaction of magnesium and ethyne, CzH:.
At 770 K, MgC; starts to transform into MgzCas:

2MgC, (s) —2% > Mg,C, (s) + C(s) AH®

r

The standard enthalpy change of formation of MgC. and Mg.Cs are +87.9 kJ mo!™
and +79.5 kJ mol™', respectively, at 298 K.

(i) Draw an energy cycle using the information given and use it to determine the
standard enthalpy change for the reaction, AH® . i2]

(i) Use your answer to (d)(i) and the information given 1o determine the standard
entropy change for the reaction. i2]
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Similar to the carbides, there are also salt-like and covalent nitrides, and the class of salt-
like nitrides is similarly divided into different groups. Two of which are those that contains

« the diazenide anion, NJ~, derived from diazene, NoHz, and

» the azide anion, N,, derived from hydrogen azide, HN;
(e) The structure of the azide anion is shown
“N=N=N:

The azide anion is a very good nucleophile in organic reactions, serving as a versatile
handle for further transformations. Some reactions involving azides are shown in

Fig. 3.1.
Ny~ LiAlH,
CH;CH,—C1 ——= CH3CH,—Ny CH3CH,=?NH,
0 0 0o
N5~ heat 5N SN
cl — Na \H/ “CH,CHa
O
Fig. 3.1

(i} Although LiA{H, is not able to reduce allenes such as H.C=C=CH, itis able to
reduce alkyl azides such as CHsCH:Ns, offering a route to primary amines, as
shown in Fig. 3.1.

Assuming that LiAMH. produces the hydride ion, H”, suggest a reason why LiAMH.
is able to reduce alkyl azides, taking into consideration the bonding. [1]

(i) Explain the relatiyg basicity of the three nitrogen atoms, *N, ®N and *N in Fig. 3.1.
2]
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() There are two isomers of diazene, NzHz, which can be isolated at low temperature.

Suggest the structures for the two isomers of diazene and explain how they arise.[2]

[Total: 20]
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Section B

Answer one question from this section.

4 (a) Thethermal decomposition reaction of Group 2 carbonates is considered a reversible

@EJC

reaction. The reversible thermal decomposition of CaCOs is represented by the
following equation.

CaCOa(s) = CaO(s) + CO(g)

50.0 g powdered calcium carbonate is placed in a 1 dm?® evacuated vessel. The
vessel is heated at 1100 K until the reaction has reached equilibrium. The pressure
of the vessel was found to be 3.92 x 107 atm.

(i) Explain what is meant by dynamic equilibrium. f1]
(i) Write the equilibriurm constant K., including its units. [1
(iii) Using the information above, calculate the value of K. 1]

(iv) Explain how the equilibrium of the system is affected separately.
« when volume of the vessel is decreased. ’
« when 25.0 g of solid CaCOs is added. 2]
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www.testpapersfree.com



{b) A thermal decomposition experiment was conducted in an open environment where
2.00 g each of powdered CaCOj3 and SrCO; are heated separately at temperature T
until their masses are constant, signifying complete reaction.

Fig. 4.1 represents the change of mass that occurred for SrCO; over time. At time t,
the decomposition is complete, and the residue has a constant mass of 1.40 g.

mass /g

2.00%k

1.801

N . ]
1.20%

1.00+ '

0.80 1 !

0.601

0.40T :

0.201 '

0 :1 » time / min

Fig. 4.1

(i) Caiculate the mass of the residue left by CaCO; after thermal decompaosition.[1]
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(i) Using your answer in (b){i), draw on Fig. 4.1 on page 19, the variation in mass
when 2.00 g of CaCQ; is heated under the same condition. Use the label t to
indicate the time of complete thermal decomposition for CaCOs. M

(iii) Explain the difference between the thermal decomposition of these two
carbonates. [2]
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(c) The numerical value of the solubility products of some calcium-containing salts at
298 K are given below.

Table 4.1
salt value of solubility product
calcium carbonate, CaCOsy 3.36 x 107°
calcium fluoride, CaF 3.45x 107"
calcium hydroxide, Ca(OH). 5.02 x 107°

(i) Write an expression for the solubility product of calcium carbonate, stating its
units. [11

(i) Using Table 4.1, calculate a value for the solubility of calcium carbonate. 1]

(i) Solid calcium nitrate was added slowly to a solution containing 0.200 mol dm™
of sodium fluoride and 0.300 mol dm™ of sodium hydroxide.

Calculate the concentration of fluoride ions remaining in the solution when
calcium hydroxide starts 1o precipitate. 2]

(iv) Describe and explain the difference in solubility of caicium hydroxide in agueous
sodium hydroxide and in water. 2]

©EJC 9729/03/J2PE/2021 [Turn Over

www.testpapersfree.com




22

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

®EJC 9729/03/J2PE/21

www.testpapersfree.com



23

{(d) Calcium carbonate is a sparingly soluble sait.

©EJC

CaCQOs(s) = Ca®*(aq) + CO:* (aq)

The standard entropy change of formation at 298K for these species are shown in

Table 4.2.
Table 4.2
species CaCOs(s) Ca?'(aq) COs”(aq)
AS2/J K mol™ +91.7 -56.2 ~50.0

(i) Calculate the standard entropy change of solution for calcium carbonate. Explain

the significance of the sign. [2]
{(ii) The standard enthalpy change of solution for calcium carbonate is

-10.6 kJ mol™".

Using your answer in {d}(i), calculate the standard Gibbs free energy of solution

of calcium carbonate at 298 K in kJ mol™. [1]
(iii} Explain how the Gibbs free energy of solution of calcium carbonate will change

with increasing temperature.

Assume that the entropy change of solution calculated in (d}(i) and the enthalpy
change of solution for calcium carbonate is not affected. [2]
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[Total: 20j
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5 (a) 2-Chlorobutane can undergo either substitution or elimination with sodium hydroxide
under different conditions to form different products.

©EJC

(i)

(ii}

(iii)

» CH3CH,CH(OH)CH;
CH4CH,CHCICH;
CHCHCHCH,

2-chlorobutane can undergo substitution via both Sy1 and Sn2 mechanisms to
form butan-2-ol. Explain why each of the two mechanisms is possible for
2-chiorobutane. [2]
To identify the substitution mechanism that 2-chlorobutane undergoes when
reacted with sodium hydroxide, two experiments were conducted with different
concentrations of sodium hydroxide, keeping all other conditions constant.

State and explain the expected experimental results if the reaction occurred via
the Sn2 mechanism. 2]

Suggest another way to determine if an enantiomerically pure sample of 2-
chlorobutane undergoes Syt or Sx2 substitution. 1
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(k) When 2-chlorobutane is reacted with sodium hydroxide, substitution and elimination
occur in competition with each other. The single-step elimination mechanism is
shown below.

t
_ HO. -
:/‘H H - H H
HO H@é\\cm Ho .CH4 o=c
W - o - / Y
ltliaé Col Hsé cl H3C CH,
+ H,0 + CF
() What is the role of hydroxide in the elimination reaction? (1]

(i} The elimination reaction was also carried out using CH3CD:CH(C)HCD3, where D
is deuterium, an isotope of hydrogen. Using the relevant information provided in
Table 5.1, state and explain why you would expect the rate of this reaction 1o be
slower than that involving 2-chlorobutane.

Table 5.1
bond bond energy / kJ mol™ |
C-H 410
c-D 415
C-C 350
C-Cl! 339

(1
(iii) When 2-chlorobutane is reacted with ethanoate ion, CHsCH.CH{OCOCH3)CHs
is formed as the major product. However, when 2-chlorobutane is reacted with

ethoxide ion, CHsCHCHCH; is formed as the major product instead of
CH3CHCH(OCH:CH3)CHs.

With reference to your answer in (b)(i), explain why this is s0. i2]
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(c} 1.4-dioxane can be synthesised from 1,2-dibromoethane via a series of reactions.

0.5 mol equivalent

NaQH({aq) Na o
BrCHQCHzBr e X e ( j
1,2-dibromoethane heat o
- M
{i) Suggest the structure of X. (1]

(i) 1 mole of X reacted to form 1 mole of 1,4-dioxane via two different reactions.
State the two types of reactions involved. 2]
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(d) {i) PCk is a common reagent used to produce chloroalkanes from alcohols. It
decomposes when heated to form PCk and CZ as shown in the equation below.

PCls(g) == PCk(g) + CL(g)

0.0624 mol of PCs and 0.0707 mol of Ck are placed ina 2 dm? vessel maintained
at 250 °C and the system was allowed to reach equilibrium. Given that the total
pressure at equilibrium is 3.32 atm, calculate the equilibrium constant, K, at
250 °C, stating the units of K, clearly. You may assume that the gases behave
ideally under the stated conditions. f4]

(i) State and explain how you would expect the K, value to change when
temperature is increased. [2]
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(e) Chloroalkanes can also be produced by reacting hydrogen halides with alcohols.
Such reactions are usually not conducted at high temperatures as some hydrogen
halides have low thermal stabilities.

State and explain the trend in the thermal stabilities of HC{, HBr and HL (2]

[Total: 20]
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Additional answer space

If you use the following pages to complete the answer to any question, the question number
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Section A
Answer all the questions in this section.

1 Halogens are powerful oxidising agents, and the oxidising power of halcgens may be
understood via the energy cycle in Fig. 1.1,

I 11 111
1 — —— —
"_"_"Xo (! vi. v i, Vi~
AH, I
Fig. 1.1

The corresponding values of some of the energy terms are given in Table 1.1.

Table 1.1
energy term I energy term II energy term I
(kd mol™) (kJ mol™) (kJ mol™)
F +79 -328 -506
Ci +121 -349 —364
Br +112 -324 -335
| +107 -295 -293
(a) (i) Name the three energy terms, I, Il and 1L [2]

©EJC

(i) Explain why energy term I becomes less endothermic maving down the group
from chlorine to iodine. (1]

(=5 xplain the exceptionally low value for energy term I of fluorine, in contrast to
that of the remainder of the halogens. 1]

(iv) Explain why energy term If becomes less exothermic moving down the group
from chlorine to iodine. (1]

(v) Using values from the Data Booklet, account for the difference in the value of
energy term IIL [2]

(i}__L enthalpy change of atomisation/ B(D)E II: first electron affinity
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B being 0,195 nm and I7 being 0.216 nm. As the halide ions have the
...same charge, the F_ ion has a significantly higher charge density due

...1o its significantly smaller ionic radius, and hence has stronger ion-dipole

@ EJC 9729/03/J2PE/2021 [Turn Over

www.testpapersfree.com




Alanine, which is found in a variety of food sources, is an amino acid that can be derived
from propancic acid. One of the methods to obtain alanine from propanoic acid is
ilustrated in the pathway below.

CO.H Bra(g) YCO.?H \(COZH
\/ 2 —_— —_—
uv light Br NH5

propanoic acid
alanine

(b) (i) Outline the mechanism for the formation of 2-bromopropanoic acid via the

reaction between propanoic acid and bromine gas. i3]

(ii) In the reaction between propanoic acid and bromine gas, the relative rate of
abstraction of primary, secondary and tertiary hydrogen is in the ratio of 2: 3 : 6.

Draw the structures of all mono-brominated products formed, including
sterecisomers if any, and state their relative proportion. - 3]

(iii) With reference to (b)(i) and using relevant values from the Data Booklet, explain
why free radical substitution is rarely performed to produce 2-iodopropanoic acid.

(2]

(iv) State the reagents and conditions for the formation of alanine, CH;CH(NH2)CO=H,
from 2-bromopropanoic acid. [1]

(i) _ Initiation

uv light
B?—Fgr ant 2Br-

............................................................ SRS TP PURRRN. . WP
COLH
~._-COH 4+ Br, —— \r + Br
........................................................... By eeeee e
Termination ---------------------------------------------------------------------------------------------------
COH
\/002H + Br- — \[/
oK T
2 Br- Brz
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.................... B e e e
..................... 2 i e e
{iii)_As the bond enthalpies of G-I and C—H are +299 kJ mol " and +410 kJ

©EJC 9729/03/J2PE/2021 {Turn Over

www.testpapersfree.com




A more efficient method of synthesising 2-bromopropanoic acid is the Hell-Volhard-
Zelinsky (HVZ reaction), shown in Fig 1.2.

CHSCHQCOQH C3H5OBF CgH4OBF2
A B
H,0
CH4CHBrCO,H
- 2-bromopropanoic acid
Fig 1.2
(c) (i} Draw the structures of A and B. [2]

(i) A canundergo isomerisation to give an enol C which reacts with bromine to form
B via a mechanism similar to the electrophilic addition of alkenes, as shown
below. Re-draw the step and show the movement of electrons involved. Show
any relevant lone pairs, dipoles and charges, and indicate the movement of
electron pairs with curly arrows.

H Br H Br
\ / A /
C=C + Br, —— HyC-C—C + Br-
/ N / N\ o+
H,C O—H Br o—
enol C

[Total: 20]

© EJC 9729/03/J2PE/21

www.testpapersfree.com



2 Amino acids are the building blocks of proteins. Some examples of amino acids are given

in Table 2.1.
Table 2.1

formula of side chain
(R in RCH(NH:)CO:H)

glutamic acid -CH;CH.CO:H
lysine -CH2CH,CH,CHNH,

tyrosine #CH2—©—OH

(a}) The three-dimensional form of a local segment of a protein, known as the a-helix, is
shown in Fig. 2.1.

amino acid

Tk

Fig. 2.1

(i) State the type of interaction between the peptide linkages in the a-helix. [1]

(i) Describe briefly the side chain igteraction between glutamic acid and lysine,
illustrating your answer with a suitable diagram. i1]

{iy hydrogen bond

i EOnlC bond
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(b) Amino acids are soluble in both dilute acids and dilute alkalis due to the ability to exist
as zwitterions.

(i) Explain a physical property of amino acids that arise due to the formation of
zwitterions. (1]

(i) There are three pK, values associated with glutamic acid: 2.1, 4.1 and 9.5.

pK,3 = 9.5
"NH;
HO,C CO,H
pKaz =41 pKa1 =21

Make use of these pK, values to suggest

I. the structure of the major species present in a solution of glutamic acid at
pH 6.0, and

li. a pH at which the predominant species of glutamic acid is a zwitterion. [2]

(i) There are three pK, values associated with tyrosine: 2.2, 9.1 and 10.1.

pK,g = 10.1

HO pKaz =91

"NH,4

CO,H
pKay = 2.2

Explain the difference between the pKai and the pKas of tyrosine. 2]
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(c) Compound E, CigHisO:N, is also soluble in both dilute acids and dilute alkalis. One

© EJC

mole of E u

ndergoes complete neutralisation with 2 moles of NaOH. However, no

gas is evolved when sodium carbonate is added to E.

Compound E reacts with hot acidified potassium dichromate (V1) to form F, which
gives a positive result with 2,4-DNPH but not with Tollens’ reagent. Upon heating E

with ALOs,

compound G is formed. On heating G with acidified potassium

manganate(VII), the products formed are H and I, C3HsO.

(i) Peduce

the structures for each lettered compound, E to I, and explain the

chemistry involved. [10]

(i) Compound G undergoes catalytic hydrogenation when heated with hydrogen
gas in the presence of nickel. Describe how nickel acts as a catalyst in this
reaction. , [3]

o GG AN AIKBIIE. oo s s

G undergoes axidation and acid-base. reaction.with. acidified potassium

manganate(VINiefarm B.and. k.
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v This increases the local concentration of reactants .. ...

.................. s

[Total: 20]

9729/03/J2PE/2021 {Turn Over

www.testpapersfree.com




12

3 Carbides are compounds that are formed by a metal or a semi-metal and carbon, which

possesses the higher electronegativity. Depending upon the difference in the
electronegativities (DEN) between carbon and the metal/semi-metal, several classes of
carbides are usually distinguished, among which are the

+ salt-like carbides with high DEN and ionic properties, e.g. Na>C», Mg.Cs, ALCs. and

» covalent carbides with small DEN and strong covalent bonding, e.g. SiC, B4C.

Across period 3, the carbides formed by the elements are:

group 1 group 2 group 13 group 14
Na:C; MggC ALC- SiC
MQCQ
Mg.Cs

The class of salt-like carbides is further divided into three groups:
« methanides with C* anions, e.g. Mg:C and ALCs

« acetylides with C>~ anions, e.g. Na,C- and MgC.

» allylenides with C;™ anions, e.g. Mg2Cs

(a) Explain why the DEN decreases across period 3, from Na,C; to SiC. (1]

(b) (i) Draw the dot-and-cross diagram of the Ci‘ anion and state the hybridisation of

the carbon atoms. 2]

(i} Aluminium oxide, ALQOs, is predominantly ionic, but aluminium chioride, AlC#, is
predominantly covalent.

Use data from the Data Booklet to suggest why the ionic nature of the bonding
in ALCa is unexpected. 2]
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(c) The salt-like carbides undergo complete hydrolysis in water as the anions are very

©EJC

strong Bransted-Lowry bases.
The methanides, Mg:C and ALCs, both undergo hydrolysis in water to yield methane.

() Suggest a balanced equation, and state the observations for the complete
hydrolysis of sofid Al,Cs in water. 2]

(i} Mg:C is hydrolysed immediately by moisture in the air, while ALCa, is hydrolysed
over a few hours in water. Suggest a likely reason for the differences in rate of
hydrolysis. [2]

The hydrolysis of the allylenide, Mg2Cs, in dilute sulfuric acid yields two organic
hydrocarbons, of which one is propyne, HC=CCHa.

{iii} The structure of the C}~ anion is shown.

= le=c=c]"

Suggest the mechanism for the formation of propyne from the hydrolysis of
Mg-Ca, assuming that dilute sulfuric acid produces proton, H*, as the reacting
species. Show all charges and relevant lone pairs and show the movement of
electron pairs by using curly arrows. [2]
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________ b -
cFe=c | o H=CZC-CH
........ )._,/...........H.:............,........ H
o,
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(d) MgC; was first prepared in 1910 by the reaction of magnesium and ethyne, CzHa.
At 770 K, MgC:; starts to transform into MgzCs:

2MgC, (s) —2% Mg,C,{s) + C(s) AHP

r

The standard enthalpy change of formation of MgC, and Mg.Cs are +87.9 kJ mol™
and +79.5 kJ mol™, respectively, at 298 K.

(i) Draw an energy cycle using the information given and use it to determine the

standard enthalpy change for the reaction, AH® . V4|

(iiy Use your answer to (d)(i) and the information given to determine the standard
entropy change for the reaction. (2]
(i)

| 2MgCy(s) ————AH > MgyCy(s) + Cls)

frisesemaairraar \ }’
"'”.""""?')I("A-MQ.{th::"\ ................. 7,«4....".1.‘,.,}.,'*,.’.-..,\ ..........................

2Mg(s) + 4C(s)

Age o —96:3x 10°
OO A 4 | ISP PSP TSP PO

=-125 JK ' mol”’
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Similar to the carbides, there are also salt-like and covalent nitrides, and the class of salt-
like nitrides is similarly divided into different groups. Two of which are those that contains

+ the diazenide anion, N, derived from diazene, NaH;, and

« the azide anion, N, derived from hydrogen azide, HNa
(e) The structure of the azide anion is shown
‘N=N=N:

The azide anion is a very good nucleophile in organic reactions, serving as a versatile
handle for further transformations. Some reactions involving azides are shown in

Fig. 3.1.
Ny~ LiAIH,
CH3CH,—C! —— CH3CH,—N; CH4CH5~2NH,
0O 0 I|4 t;l
No~ heat PN SN
ct —— Na \H/ CH,CHs
o}
Fig. 3.1

(i) Although LiAMH, is not able to reduce allenes such as H-C=C=CHg, it is able to
reduce alkyl azides such as CHsCH:Ns, offering a route to primary amines, as
shown in Fig. 3.1.

Assuming that LiA/H, produces the hydride ion, H™, suggest a reason why LiAM.
is able to reduce alkyl azides, taking into consideration the bonding. [1]

(i) Explain the relative basicity of the three nitrogen atoms, N, °N ang N in Fig. 3.1
(2]
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{(f} There are two isomers of diazene, N.H., which can be isolated at low temperature.

Suggest the structures for the two isomers of diazene and explain how they arise.[2]

/N:N /N -tN\
B H H
trans cls

[Total: 20]
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Section B

Answer one guestion from this section.

4 (a) The thermal decomposition reaction of Group 2 carbonates is considered a reversible

©EJC

reaction. The reversible thermal decomposition of CaCOs is represented by the
following equation.

CaCOs;(s) = CaO(s) + CO:(g)

50.0 g powdered calcium carbonate is placed in a 1 dm® evacuated vessel. The
vessel is heated at 1100 K until the reaction has reached equilibrium. The pressure -
of the vessel was found to be 3.92 x 1072 atm.

(i) Explain what is meant by dynamic equilibrium. f1]
(ii) Write the equilibrium constant K., including its units. [1]
{iii} Using the information above, calculate the value of K. [1]

{iv) Explain how the equilibrium of the system is affected separately:
= when volume of the vessel is decreased.
» when 25.0 g of solid CaCQO; is added. [2]

{i) It refers 1o a reversible process at equilibrium in which the rate of the

-
[Coz]:i:3.92x10 >\101325:0.435moidm”3

RT 8.31x1100

{iv) A decrease in the volume of the vessel will cause the_ position of

equilibrium to_shifOfe HBleARB/@écrease the amount of gaseous CO:

in the system, www.testpapersfree.com
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(b) A thermal decomposition experiment was conducted in an open environment where
2.00 g each of powdered CaCOa and SrCOs are heated separately at temperature T
until their masses are constant, signifying complete reaction.

Fig. 4.1 represents the change of mass that occurred for SrCO;over time. At time 6,
the decomposition is complete, and the residue has a constant mass of 1.40 g.

mass fg
SrCO;
—
1.00t : !
0.801 :
0.60T ; |
0.40+ , :
0.20+ : !
) ! o 4 .
0 i ; » time / min
Fig. 4.1
@EJC 9729/03/J2PE/2021 [Turn Over
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(i) Calculate the mass of the residue left by CaCOs after thermal decompasition.

(1}

(i} Using your answer in {b)(i), draw on Fig. 4.1, the variation in mass when 2.00 g
of CaCO- is heated under the same condition. Use the label f; to indicate the time
of complete thermal decomposition for CaCOs. 1]

(i) Explain the difference between the thermal decomposition of these two
carbonates. (2]
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(c) The numerical value of the solubility products of some calcium-containing saits at

®EJC

298 K are given below.

Table 4.1
salt value of solubility product
calcium carbonate, CaCOs 3.36 x 107
calcium fluoride, CaF. 3.45 x 107"
calcium hydroxide, Ca{OH): 5.02 x 10°°

(i) Write an expression for the solubility product of calcium carbonate, stating its
units. (1]

(ii) Using Table 4.1, calculate a value for the solubility of calcium carbonate. [1]

(i} Solid calcium nitrate was added slowly to a solution containing 0.200 mol dm™
of sodium Auoride and 0.300 mol dm™ of sodium hydroxide.

Calculate the concentration of fluoride ions remaining in the solution when
calcium hydroxide starts to precipitate. [2]

(iv) Describe and explain the difference in solubility of calcium hydroxide in agueous
sodium hydroxide and in water. [2]

(). K= [Ca?*][CO-*"] units: mol* dm~®

solubility = [Ca” | =[c0% ]

...................... e O I L
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(d) Calcium carbonate is a sparingly soluble salt.

CaCOs(s) == Ca’'(ag) + COs™ (aq)

The standard entropy change of formation at 298K for these species are shown in

Table 4.2.
Table 4.2
’ species CaCOs(s) | Ca*(aq) | CO:*(ag)
1 AS2 /I K™ mol™ +91.7 -56.2 -50.0

(i) Calculate the standard entropy change of solution for calcium carbonate. Explain
the significance of the sign. {2}

(i} The standard enthaipy change of solution for calcium carbonate s
-10.6 kJ mol™.

Using your answer in {d)(i), calculate the standard Gibbs free energy of solution
of calcium carbonate at 298 K in kJ mot™. 1]

{iii} Explain how the Gibbs free energy of solution of calcium carbonate will change
with increasing temperature.

Assume that the entropy change of solution calculated in (d){i) and the enthalpy
change of solution for calcium carbonate is not affected. 2]
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(ii) \Gc:x = AH;;I - TASS!

........ This. makes AGMOIE. POSIEINE. ... e e e
[Total: 20]
© EJC 9729/03/J2PE21

www.testpapersfree.com



25

5 (a) 2-Chlorobutane can undergo either substitution or elimination with sodium hydroxide
under different conditions to form different products.

® EJC

{i)

(i)

CH,CH,CH(OH)CH3
CH4CH,CHCICH;
CH5GHCHCH,

2_chlorobutane can undergo substitution via both Sy1 and Sn2 mechanisms to
form butan-2-o. Explain why each of the two mechanisms is possible for
2-chlorobutane. [2]

To identify the substitution mechanism that 2-chlorobutane undergoes when
reacted with sodium hydroxide, two experiments were conducted with different
concentrations of sodium hydroxide, keeping all other conditions constant.

State and explain the expected experimental results if the reaction occurred via
the Sn2 mechanism. 2]

(it} Suggest another way to determine if an enantiomerically pure sample of 2-

chlorobutane undergoes Sn1 or Sn2 substitution. (1]

_..may be possible as there are only two relatively small alkyl groups attached

e T S e P T LT

_______ hydroxide used is increased. This is because the rate equation for a Sn2

_reaction is rate = k[2-chlorobutane]{OH'}, indicating that the reaglion is

first order with respect to the nucleophile,
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(b) When 2-chlorobutane is reacted with sodium hydroxide, substitution and elimination

© EJC

occur in competition with each other. The single-step elimination mechanism is
shown below.

t
- HO. -
HO¥ ™H  H “H H H
7..CH . ¥.CH oec
s P T e
H,C CCE H,C Cl HaC CH,
+ H,0 + CI°
(i) Whatis the role of hydroxide in the elimination reaction? [1]

(i) The elimination reaction was also carried out using CH;CD;CH{CCD;, where D
is deuterium, an isotope of hydrogen. Using the relevant information provided in
Table 5.1, state and explain why you would expect the rate of this reaction to be
slower than that involving 2-chlorobutane.

Table 5.1
bond bond energy / kJ mol™’
C-H 410
C-D 415
Cc-C 350
C-Cl 339

[1]
(iii) When 2-chlorobutane is reacted with ethanoate ion, CHiCH2CH(OCOCH;3)CH3
is formed as the major product. However, when 2-chlorobutane is reacted with

ethoxide ion, CHaCHCHCH: is formed as the major product instead of
CH3CH2CH(OCH2CH3)CHs.

With reference to your answer in (b)(i), explain why this is so. [2]
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{i} Mtisabase/nucleophile e ————

(¢} 1.4-dioxane can be synthesised from 1,2-dibromoethane via a series of reactions.

0.5 mol equivalent

NaOH(aq) Na O
BrCH,CH,Br - X - [ j
o

1,2-dibromoethane heat
(i) Suggest the structure of X. 1

(i) 1 mole of X reacted to form 1 mole of 1,4-dioxane via two different reactions.
State the two types of reactions involved. [2]

() HOCHCHIBE s
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(d) () PCkL is a common reagent used to produce chloroatkanes from alcohols. It
decomposes when heated to form PCl and CF as shown in the equation below.

PCl(g) = PChL{g) + CL(g)

0.0624 mol of PCls and 0.0707 mol of Gk are placed ina 2 dm® vessel maintained
at 250 °C and the system was allowed to reach equilibrium. Given that the total
pressure at equilibrium is 3.32 atm, calculate the equilibrium constant, K, at
250 °C, stating the units of K, clearly. You may assume that the gases behave
ideally under the stated conditions. [4]

(ii) State and éxplain how you would expect the K, value to change when

temperature is increased. [2]
{i) PC = PCh o+ Cl

........ Inmalamt/mmooﬁ%000707
........ Changemamﬂmd—xﬂﬂ
........ Equmbr|umamt/m0|00624_xXOO?D7+X
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_0.0707+002170

3.32
.......... O BB e
=1982am
'"'k"';'p;:;:';;vz'pa;'"_"0:45543;'1:982 ...........................................................
7 Py, 08729
=1.06 atm

(e) Chloroalkanes can also be produced by reacting hydrogen halides with alcohols.
Such reactions are usually not conducted at high temperatures as some hydrogen
halides have low thermal stabilities.

State and explain the trend in the thermal stabilities of HCI, HBr and HI. 2]

[Totak 20]
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Additional answer space

If you use the following pages to complete the answer to any guestion, the question number
must be clearly shown,

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