H2 P1 REVIEW

5| 8 | 7 | 8 9 10
c B D B B c
15 | 16 17 | 18 | 19 | 20
B B c c D c
25 | 26 | 21 | 28 | 29 | 30
D c D A A B

Answer: A

Angle of deflection o charge/mass
Option A:2/4=0.5

Option B : 1/19 = 0.05

Option C : 1/28 = 0.036

Option D : 2/32 = 0.06

Answer: C

Cu: 1s2 2s2 2p6 352 3p8 3d1%4s?
Mn: 1s2 252 2p5 352 3p® 3d° 452
Fe: 1s2 282 2p® 352 3pf 3d€4s?
Fe?*: 152 252 2p% 352 3p% 3d°

Answer: B
Option A : [F -~ H ~F |. There is hydrogen bond formed between H in HF
and F-as indicated by ---.

Option B : Both compounds have hydrogen bonding befween molecules.
However, volatility depends on the electron cloud size (inferred from Mr) which
affects the strength of id-id.

Option C : 2-nitrophenol can form intramolecular hydrogen bonding giving rise
to less extensive H bonding between molecules and lower melting point.

Option D : Ethanoic acid can dimerise in benzene by forming two H bonds
between two acid molecules.

Answer: B

A simple molecular solid should have a lower melting point (due to weak
intermolecular forces) and does not conduct electricity (due to lack of mobile
charge carriers - ions or free electrons). It may be soluble or insoluble in water
depending on the type of intermolecular forces that it can form with water.

Since the unknown compound is a solid at room temperature, the answer
cannot be A due to the melting point.

Answer: C

Option 1 has a dative bond from O to C while option 3 has a dative bond from
N to O. Option 2 has no dative bond present.

Answer: B

Vol of original gas mixture = 10 + 50 cm3

Vol of residual gas = ¥4 x 60 = 15 cm?3

Vol of unreacted Oz = 15 cm3

Vol of reacted Oz = 50 — 15 = 35 cm?®

CiHy + (x +y/4)02—> xCO2z + y/2 H20
10 35

x +y/4 = 35/10

4x+y = 14

x=2,y=6

Answer: D
A:17+4(8)+1=50e
B:2+16+4(8)=50e
C:16+4(8)+2=50¢e
D:50-2=48e

Answer: B

During thermal decomposition, heat is absorbed to the reaction, so the
reaction is endothermic (option A or B).

The activation energy is twice that of the enthalpy change, so option A is
incorrect.
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18 Answer:C

19

20

At 25 °C, [H*] = [OH} = 10" mol dm-3

pH=-log [H]=7

Ku = [H*][OH-] = 10-" mol? dm-?

pKw =-g Kw = 14

Ka of H20 = Emmmﬂ = m = 1.80 x 10-"® mol dm-®

pKa = -Ig Ka = 15.7 (Statement 1 is incorrect)
pH < pKw < pKa (Statement 2 is correct)

When temperature increases, by Le Chatelier's Principle, position of
equilibrium shifts right to absorb heat since forward reaction is endothermic.
[H'] and [OH-] will increase and Kw will increase and pKw will decrease.
(Statement 3 is correct)

Answer: D

A CHz=C=CHCH;s contains one sp hybridised and one sp® hybridised C
atoms.

B CHz=CHCN contains one sp hybridised C atom but no sp?® hybridised C
atoms.

C HOCH2C=CH contains two sp hybridised and one sp® hybridised C atoms.

D CHsCH2CH=CHCN contains one sp hybridised and two sp® hybridised C
atoms.

Answer: C

The reaction involves breaking of C—X bond to release free X~ ions which can
then combine with Ag* ions to form a precipitate of AgX.

The rate of reaction depends on the strength of C~X bond.

The time taken to abserve precipitate for compound 1, 2 and 3 depends on
strength of C—-C/, C-Br and C-I respectively and independent of C—F bond.

. Since C-I bond is the weakest of the three bonds, it is the easiest to break

and will take the shortest time for the formation of precipitate.

Since C— C/ bond is the strongest of the three bonds, it is the hardest to break
and will take the longest time for the formation of precipitate.

21 Answer: A
ci o] cl
I : !
ct c <
/Oh VO\ /O“ I/IIOI ON/ON I/IIOI
CH CH ¢
IODOI IODO/ IOR_VOI
(7] &
22 Answer:B
Step 1 is electrophilic substitution (Friedel Crafts alkylation) using
halogenoalkane, (CHa)sCCl.
Step 2 involves converting benzene to cycloalkane hence this is reduction
(inferred from gain of H).
Step 3 involves formation of ester from either the use of CHsCOOH, warm with
conc. H2804 or CHsCOCI.
23 Answer: B

1. The ring contains more than 8 carbon atoms hence the C=C bond in the
ring can exhibit cis-trans isomerism.

Statement 1 is correct.2.

The alkene functional group can react with Brz via electrophilic additon
reaction. However, the molecular formula of the product should be C17H300Br2
not C17H320Br2 as only Br atoms are added across the C=C bond and there
should be no change in number of H atoms.

Statement 2 is incorrect.

3. Civetone does not exhibit intermolecular hydrogen bonding since there are
no H atoms directly bonded to F, O or N atoms in the molecule.

The dominant type of intermolecular forces should be permanent dipole-
permanent dipole and instantaneous dipole-induced dipole attractions.

Note: the presence of O atom in civetone can still aliow it to form hydrogen bonding with other
types of molecules.

Statement 3 is correct.
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27 Answer:D

28

+____l

aluminium object graphite cathode

dilute sulfuric acid

(electrolyte)
Option A: Incorrect. The aluminium object to be coated is placed at the anode.

Option B: Incorrect. At the graphite cathode:
Reduction: 2H*(aq) + 2e~ — Hz(g)

Option C: Incorrect. Anodising is the process of increasing the thickness of
the AZ20s layer of aluminium objects through electrolysis.

Option D: Correct.

Qxidation: 2 A(s) + 3 H20(l) —» AlOa(s) + 6H*(aq) + 6e-

0.01 mol of Al203 formed would require 0.06 mol of electrons.
Q=it=neF

_ 0.06X 96500 _
I= 30 % 60 =32A

Answer: A

Oz(g) + 4H*(aq) + 4e~ =2 2H20(l) —-(1) E°(O2/H20) =+1.23 V
S4062~(aq) + 26~ = 252032 (aq) ~—(2) E°(S40e2/S2032) = +0.09 V
EPcell = E*(Q2/H20) — £°(54062/S203%") = (+1.23) — (+0.09) = +1.14 V
Option 1: Correct. Adding water will decrease both the [S4Os?-(aq)] and
[S203%(aq)). By LCP, equilibrium position of (2) will shift to the right to
increase fotal ion concentration as there are more ions on the right hand

side of the equation. Hence E(S406%/S203%") will be more positive than
+0.09 V and Ecen will be less positive.

Option 2: Correct. lodine will react with S203%-, decreasing [S203:2-(aq)]. By
LCP, equilibrium position of (2) will shift to the right to increase [Sz03%-(aq)].
Hence E(S406%/S203%) will be more positive than +0.09 V and Ecen will be
less positive.

Option 3: Correct. Using a lower pressure than 1 bar (standard conditions)
will cause equilibrium position (1) to shift left. Hence E(O2/H20) will be less
positive than +1.23 V and Ecex will be less positive.

29

30

Answer: A
A solution containing Fe®*(aq) ions is yellow.

When NaCN(aq) is added to this solution, CN-replaces the H20 ligands in
[Fe(H20)s]** via a ligand exchange and orange red [Fe(CN)s]* ions are
formed. Hence the solution turns from yellow to orange red.

[FeFe}*- has a smaller Ksiab than [Fe(CN)sl*-. Hence, F~ will not be able to
replace CN- in a ligand exchange. Thus, the orange red solution remains
orange red.

Answer: B

Option A: Incorrect. Reaction I is a redox reaction but reaction II is a
hydrolysis reaction of Fe3*(aq) ions to give H* ions, followed by acid-base
reaction between H* and CO3?" ions.

Option B: Correct. Cr3* has a high charge density. [Cr(Hz0)e]** can undergo
hydrolysis in water to produce H* ions, forming effervescence of CO2 and a
grey-green ppt of Cr(OH)s, when CO32- ions are added.

Option C: Incorrect. The orange solution contains Cr2072- ions. ions. Hence
Cr** is oxidised to Cr207%, and reagent R should be an oxidising agent such
as H202. Zn is a reducing agent.

Option D: Incorrect. EDTA*- is a hexadentate ligand. Reaction IV is a ligand
exchange where one EDTA* ligand exchanges for six H20 molecules. Hence,
the number of particles increases and the disorder of the system increases.
Thus, AS should be positive.

[Cr(H20)e]** + EDTA* === [Cr(EDTA)I- + 6H20

6.9~d9
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2025 JC2 Prelims H2 P2 (Review)

in 1932, the American chemist Linus Pauling developed the most common scale of
relative electronegativity (EN) values for the elements. The Pauling EN values of
elements can be used to predict the chemical properties of compounds. The EN
values of four Period 3 elements are given in Table 1.1.

Table 1.1
Element Sodium Aluminium Phosphorus Chilorine
Pauling EN 0.93 1.61 219 3.16
value
(@ () Explain the difference in the Pauling electronegativity values of Na and C/.

(2]
Comparing sodium and chlorine, [v'] chlorine has a_higher nuclear charge
due to larger number of protons, {v'] Screening effect remains al

constant as electrons are added to the same electronic shell.

[v] As there is stronger attraction between the nucleus and the bonding
electrons in the outer shell, chlorine has higher [v] electronegativi
resulting in a larger EN value.

2[v]1=[1]

The ionic character of a bond is directly related to the electronegativity difference
(AEN) between the bonded atoms. Fig. 1.1 shows the plot of percent ionic
character against AEN for NaC/.

100
W 75
Q
8
[
-
[$3
2 50
2
]
[0
o
[
. 25
0 1.0 2.0 3.0 40
AEN
Fig. 1.1

® O

(i)

Using the values in Table 1.1, calculate AEN for AICisz and PCls
respectively. Hence plot the percent ionic character of AICls and PCls on
Fig. 1.1. Label your points clearly. [2]

AENfor AICIs =3.16 - 1.61 = 1.55 [v]
AEN for PCls =3.16 - 2.19 = 0.970 [v]
2v1=01

[1] Correct relative order for percent ionic character for the three
compounds

100
m 75
&
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£
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2 50
Q
=
@
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]
o 25 o
0 1.0 2.0 3.0 4.0

AEN

Explain the difference in bonding for NaC/ and PClk in terms of
electronegativity. [2]

[1} lonic bonds exist in NaCl due to large AEN (or large difference in
electronegativities) between Na and Cl.

[1] Covalent bonds exist in PCls due to small AEN (or small difference in
electronegativities) between P and CI.

The polarity of bonds in covalent molecules is also affected by AEN. SeF4
and BrFs are two fluorine-containing molecules. State whether SeF4or BrFs
contains covalent bonds with a higher ionic character. [1)

[1] SeFs > BrFs

Using VSEPR theory, predict and explain the shape and bond angles of
SeF4, lllustrate the shape of SeF4with an appropriate diagram. [3]

There are [v] 4 bond pairs and 1 lone pair in the valence shell of Se atom.
{+] To minimise repulsion and maximise stabiiity, the shape of SeFais [v]
see-saw.

189~d49
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H3POs(aq) with a [v] pH = 2. 3
[v] PaO10 + 6Hz0 — 4H3PO4

[V]1AROs does not react with water due to its high lattice energy. Hence ALOs is
insoluble in water. [v]pH =7

31=[1]
6vi=[2]
8[v]=[3]

[Total: 9]

(a) Nitrogen exhibits a range of oxidation numbers in its compounds. A few of such
species are NO, N2O, NO2, N2 and NH20H.

U

Draw the dot-and-cross diagram for NO2. [1]

XX XX
xOx
.o

g

0.074 g of hydroxylamine, NH20H, is dissolved in water. Excess solution of
acidified iron(III) salt is added to the dissolved hydroxylamine to form a nitrogen-
containing product and iron(Il) ions. The iron(Il) ions produced requires 44.8 cm?
of 0.02 mol dm acidified potassium manganate(VII) for complete reaction.

The reacting ratio of iron(II) ions and manganate(VII) ions is 5:1.

(i)

(iii)

(iv)

Calculate the amount of iron(lIl) reacted with hydroxylamine. [1)
Amount of manganate used = (44.8/1000) x 0.02 = 0.000896 mol
Amount of iron(I) produced = 0.000896 x 5 = 0.00448 mol

Fe?* = Fe¥*

Amount of iron(lll) reacted with hydroxylamine = 0.00448 mol [1]

Determine the oxidation state of the nitrogen atom in the nitrogen-
containing product. Hence deduce the identity of the nitrogen-containing
product. [2]

Amount of hydroxylamine used = 0.074 / 33 = 0.00224 mol
Reduction: Fe?* + e~ > Fe?*
Hence 2Fe®* = NH20H = 2e-

Oxidation of 1 NH20H loses 2e-, so final oxidation state of nitrogen in
product = — 1 + 2 = +1 [1 with clear working]

[1 with clear working] N2O
Construct a balanced ionic equation for the reaction of NH20H with Fe3*,

i

Fe* + e~ > Fe? (x4)

2NH20H > N20 + H20 +4H* +4e~  (x1)

[1] 4Fe® +2NH0H > 4Fe?* + N2O + Hz20 + 4H*

£€89-d9
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(iv)

Describe a chemical test that can be used to distinguish anthraquinone
from anthrahydroquinone. State the observations and write a balanced
equation for the reaction that occurred. [2]

Add Na metal.
Anthrahydroquinone | effervescence of hydrogen gas

Anthraquinone No effervescence

Add Brady's reagent / 2,4-DNPH.
Anthrahydroquinone | No orange ppt / solid

Anthraquinone Orange ppt / solid formed

[1] reagent + obs for BOTH cpds

{1] Equation: oH O'Na*
+ 2Na—> _ ‘ _ +
Hz OH O'Na*

Other possible tests: Brady's reagent

At the end of step 2, only anthraquinone and H202 remain in the reaction mixture.
Hz02 can be separated out from the reaction mixture by adding water to the
reaction mixture.

(b) With reference to the interactions between relevant molecules, explain how
the addition of water separates H202 from the reaction mixture. [2]

[v] Sufficient energy is released from the formation of {v] hydrogen bonds
between water and H202 to overcome the [v] hydrogen bonds between water

molecules and hydrogen bonds between H202 molecules.

{¥] Insufficient ener
induced dipole interactions between anthraquinone and water to overcome the

is released from the formation of [v] instantaneous dipole-

hydrogen bonds between water molecules.

[v] H20z dissolve in water / anthraquinone cannot dissolve in water.
3vI=[1

(© @

Palladium metal is often used as a heterogeneous catalyst.
Explain what is meant by a heferogeneous catalyst. [1]
[1] A catalyst which is not in the same phase / state as the reactants.

(ii) Explain how a heterogeneous catalyst increases the rate of reaction.
Include a sketch of the Maxwell-Boltzmann distribution and use it to
illustrate your answer. {4]

77] No. of molecules having
No of molecules & energy X Ea

<] No. of molecules having
7 energy 2 E,

Es : activation energy {or
uncatalysed reaction

m.. : activation energy for
catalvsed reaction

1 & Ea Energy

The reactant molecules are [v] adsorbed unto the surface of the solid
catalyst.

Alternative pathway has [v] lower activation energy due to [v] higher
surface concentration of reactant molecules and [v] covalent bonds are
weakened.

[¥] Number of particles with energy > Ea’ / lower activation energy
increases. [v] Frequency of effective coliisions increases. [v] Rate
constant increases.

After the reaction, [v] desorption of product molecules occurs and the
molecules eventually [v] diffuse away from the catalyst surface.

3[v1=01]

Nanoparticles are particles with all its dimensions from 1 to 100 nm on the
nanoscale. It is observed that the catalytic activity of palladium is vastly increased
when the catalyst is finely divided into nanoparticies. These nanoparticles are
usually deposited onto the surface of inert metal particles such as gold. This
prevents the nanopatrticles from being a health hazard.

(i) Explain why catalytic activity is vastly increased when nanoparticles of
palladium are used. [1]

[1] Finely dividing the palladium into nanoparticles increases its surface
area to volume ratio, providing more active sites for adsorption of reactants.

(ii)  Predict how nanoparticles could present a risk to human heaith. [1]

[1] Due to their small size, nanoparticles can enter human body through
pores on skin, breathing/respiratory system, or ingestion (by digestive
system).

These particles can travel around the body via the circulatory system, get
deposited in body tissues / cells / organs and cause the latter to be
damaged / inflamed / develop cancer / cause immune response.
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Chlorine and bromine each has two naturally occuring isotopes. Their relative
abundance are shown below.

Table 5.1
Element Isotope relative
abundance
85¢y/ 75%
Chlorine
CI 25%
. “Br 50%
Bromine
51Br 50%

The following incomplete mass spectrum is obtained from a sample of BrCI where
only the abundance for atomic mass unit of 116 is shown.

64
541

, 4t
relative
abundance 3T

21

14

+ 1 { atomic mass unit

Fig. 5.2

(tii) Identify the species responsible for the atomic mass unit of 114, 116 and
118, taking into consideration the various isotopes. [2]

atomic mass unit of 114 [v] 7°Br35C/

atomic mass unit of 116  [v'] Br¥’C/ and [v] 8'Br35C/

atomic mass unit of 118 [v'] 3'Br3’C/

2[v]=11]

(iv) Hence, calculate the relative abundance of BrC! with atomic mass unit of
114 and 118, and complete Fig 5.2. (2]

Percentage of sample with 7®Br35C/ = (1/2)(3/4) = 3/8 = 0.375 = 37.5%
Percentage of sample with 81Br37CI = (1/2)(1/4) = 1/8 = 0.125 = 12.5%

Percentage of sample with 7Br¥’C/ and 31Br3SC1 = (1/2)(1/4) + (1/2)(3/4) =
4/8 = 50%

[1] correct working and answer

(c)

64
51

relative 3
abundance 3T

T atomic mass unit
M4 116 M8

[1] correct plots (no ecf)

Most of the world’s copper comes from the mining of copper-containing minerals.
Two such minerals are bornite, CusFeSa, and chalcopyrite, CuFeS,, where x and
y are integer values to be determined.

Bomite and chalcopyrite react with concentrated HNQ3 as follows.
CusFeSq + 26HNO3 — Fe(NO3)s + 5Cu(NO3)2 + 4S + 13NO2 + 13H20

Cu,FeS, + (6 + 4x)HNOs — Fe(NOs)s + xCu(NOs)2 +yS + (3 + 2x)NO2 + (3 +
2x)H20

(i}  Explain the role of HNOs in the above reactions. [1]

[1] Oxidising agent. Oxidation state nitrogen decreases from +5 in HNO3
to t4.in NO,.

(i) When 1 mole each of bornite and chalcopyrite were fully reacted with
HNO3, bornite produced 64.2 g more sulfur precipitate and 182 dm?3 more
nitrogen dioxide than chalcopyrite, at standard temperature and pressure.

Determine the values of x and y. [2]
64.2

[1] Sulfur precipitate: 4 —~y = == - y=2

321
182

[1]NOz2gas: 13 - (3+2x) =—= - x =1

227 7

[Total: 11]
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(d)

(e)

— o

Structure of polymer Y (trans isomer) {1]

Table 6.2 shows some properties of polymers Y and Z.
Table 6.2

polymer Y polymer Z

arrangement of crystalline with regular amorphous with

polymer chains repeating pattern random arrangement
rigidity high low
melting point 7510 135°C -25t012°C

{1

i) By referring to the information in Table 6.2, identify whether polymer Y or
Z has the repeating unit in (c)(i). [1]

polymer Z (cis isomer) [1]

Golf balls recovered from lakes and ponds can be used again even after being in
water for several years. Suggest why these golf balls do not biodegrade. [1]

Carbon-carbon bonds are non-polar / too strong / not attacked by nucleophiles /
cannot by hydrolysed. [1] with explanation

Another polymer, poly(ethylene terephthalate), PET, is commonly used to make
shirts worn by golfers. The structure of PET is shown below where n is the number
of repeating units in the polymer chain. One of the two monomers used to
synthesise PET is benzene-1,4-dicarboxytic acid.

o] 0
l

Il
o C—0-~CH,CH,—0

PET

Atom economy is a measure of the amount of starting materials which are in the
final desired product.

M of the final desired product
 of the final desired pro ,.ex‘_ooﬂxv

percentage atom economy = ~—— TP ——

®

(i)  Suggest why chemists usually aim to design production methods with a
high percentage atom economy. [1]

Reactions with a high percentage atom economy are more efficient and
less wasteful/maximises the use of resources/reduce by-products. [1]

(i) Explain how the percentage atom economy of the reaction to form PET
compares with that of polymer X. [1]

The percentage atom economy of the reaction to form PET is lower than
that to form polymer X as H20 / another molecule is also formed during the
condensation while all the monomers are used to form polymer X. [1]

Figure 6.1 shows a two-step synthesis of benzene-1,4-dicarboxylic acid from
methylbenzene. State the reagents and conditions for each step and draw the
structure of the intermediate.

CH, COOH

step I step I

COOH
Fig. 6.1
[2]

step I : CHsC/, anhydrous AIC/3[v] BOD if didn't write ‘anhydrous’, as long as
didn’t write aqueous

step II : KMnOa(aq), H2S04(aq), heat [v] accept: acidified KMnO4, heat

CH;,
Intermediate: CHy [v]
3[v] =2 marks
2[v] =1 mark
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[4%]
5.0 =540 + Ig AE iv

[4%]
[HA"]
[4%7] + [HAT] = 0.1 (2)

=0398 (1)

Solving (1) and (2), [HA™] = 0.07153 mol dm~2 [1]

[4?7] = 0.1 — 0.07153 = 0.02847 mol dm™®

HA~ + OH~ — A% + H0

Amount of NaOH needed = amount of A% = 0.02847 x 222 = 0.007118

1000
mol

Volume of NaOH needed = ﬁwm x 1000 = 71.2 cm? [1]

[Total: 21}
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H2 P3 Review

Schweizer's reagent is used in purifying cellulose. This dark blue compound has the formula,
[Cu(NHs)a(H20)}(OH)2 and contains the tetraamminediaquacopper(II) cation, [Cu{NHz)a(H20)zJ%*.

@)

(b)

Explain the origin of the dark blue cofour of the tetraamminediaquacopper(ll) cation. [3]

In the gas-phase Cu®" ion, the five 3d orbitals are degenerats. In the cation, due to the
+ presence of ligands, the five 3d orbitals are split into two energy levels, with energy

gap, AE, due to the repulsion between the Cu® ion and the ligands.

roup (d-d transition), v radiation corresponding
to AE, orange light, is absorbed. ¥ Light of wavelengths not absorbed (blue light) will
be seen as the colour of the complex.

5V = 3 marks, 3-4V = 2 marks, 2V = 1 mark

When a solution of [Cu(NHa)s(H20)]>* was gently heated, NH; gas was released. A
precipitate of Cu(OH)z and NH4* ions were also obtained as products.

The Cu(OH), formed was purified and separated into two samples. One of the samples was
added to concentrated hydrochloric acid, forming complex ion X.

The other sample of Cu(OH)2 was added to dilute sulfuric acid, forming blue complex ion Y.
[Cu(NHa3)a(H20)2J?*, X and Y are of different colours.
When [Cu(NH3)4(H20)2]** was strongly heated, a black solid Z is formed.

(i}  Write an equation for the reaction when a solution of [Cu(NHa)«(H20)2]?* was gently
heated. (11

[Cu(NH:)s(H20)z]* — Cu(OH): + 2NHs* + 2NHs [1]

(if) Write an equation for the reaction of Cu(OH). with concentrated hydrochloric acid,
forming X. (1
Cu(OH)z + 4HCI — [CuCLJ* + 2H,0 + 2H* [1]

OR Cu(OH)z + 4HC! — H2CuCl + 2H,0
OR Cu(OH): + 4HC! — [CuCL]* + 2H,;0*

(i) Suggest the identities of Y and Z. [2}
Y: [Cu(H20)e]* [1]
Z: CuO [1}

(iv) Explain why [Cu(NHa)«(Hz0)2]** and X are of different colours. [1]

The V ligands datively bonded to Cu(il) are different, resulting in v different
energy gaps between the d orbitals in the complexes. This will affect the

wavelength of visible light absorbed, and thus colour of transition metal
complexes.

2y = 1 mark, with clear explanation

(c) Tetraamminediaquacopper(Il) cation, [Cu(NHs)s(H20)2]?*, has two possible sterecisomers.

(d)

Draw the two stereoisomers. 2]
2+ OH, 2+
IuZ\::.O_:.._EZIw
HNY | ik,
OH,
cis-isomer trans-isomer

correct relative position of H;0 ligands for both isomers [1] only awarded if shape is
correct

correct 3D shape, charge, ligands bonded correctly [1]
Note: Naming of isomers not required

Copper based nanopesticides like Cu(OH), and CuO, have been used to protect crops from
bacteria induced diseases.

The minimum effective concentration for Cu?* ion as a pesticide is 6.35 x 105 g dm3.
(i)  Write the expression for the solubility product of Cu(OH),, giving its units. 11

Ksp = [CUJ[OH-P, moP® dm® [1]

(ii) A sample of solid Cu(OH). is added to water. Given that the value of the solubility
product of Cu(OH), is 2.20 x 10-%, calculate the solubility of Cu(OH) in mol dm=3. [1]
Let the solubility of Cu(OH). be x mol dm-3,
Ksp = [Cu®] [OH]?
2.20 x 102 = x(2x)? = 4x3
x=1.77 x 10-" mol dm™3 [1]

(iti) Hence, deduce if the sample in part (d)(ii) is suitable for use as a pesticide. [2]

Concentration of Cu?* ion in g dm=
=177 x 107 x 63.5
=112%x105gdm=[1]
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Chiorine-containing organic compounds are widely used in both industrial and laboratory settings
due to their diverse chemical properties and applications.

One such compound is 1-chloro-1-phenylethane, an aromatic halogenoalkane, which exhibits
reacfivity typical of benzylic halides. A fypical reaction is the reaction between
1-chloro-1-phenylethane and hydroxide ions to produce 1-phenylethanol.

CgHsCHCICH, + OH"— C,H,CH(OH)CH, + CI-

The rate of this reaction can be studied by measuring the amount of hydroxide ions that remained
in the solution at a given time. The reaction can effectively be stopped if the solution is diluted
with an ice-cold solvent.

(a)

(0)

Briefly describe a suitable method for studying the rate of this reaction at a temperature of
40 °C. [3]

¥'1 Ensure both reactant solutions are maintained at 40 °C using a thermostaticall
confrolled water bath before mixing.

v'2 Mix known volumes of both reactants and start the stopwatch.

¥'3 At known time, take out a sample and add it to ice-cold solvent for quenching

Method 1

v'4 titrate mixture against standard HC! solution,

v'5 repeat steps 3-4 to obtain volume of HC! at known time intervals.

v6 plot graph of volume of HC! against time.

Method 2

¥4 Use a pH meter to record the pH.

¥'5 repeat steps 3-4 to obtain pH readings at known time intervals.
v'6 plot graph of pH against time.

2v =1 mark

The reaction was studied by carrying out four experiments at different initial concentrations
of the two reagents. Table 2.1 shows the resuits obtained.

Table 2.1
experiment | [C;H,CHCICH,] / mol dm~ | [OH]/mol dm= | relative rate
1 0.05 0.10 0.5
2 0.10 0.20 1.0
3 0.15 0.10 15
4 X 0.15 20
(i)  Show that the overall order of the reaction is 1. Explain your reasoning. [2]

(i

(i)

()

Comparing experiments 1 & 3, [OH-] kept constant, [C,H,CHCICH,] increases 3

times from 0.05 mol dm= to 0.15 mol dm?, relative rate increases 3 times from
0.5 to 1.5. First order wrt C;H,CHCICH,. [1]

Comparing experiments 1 & 2, [C;H,CHCICH,] doubled from 0.05 mol dm* to

0.10 mol dm™ and [OH] doubled from 0.10 mol dm™ to 0.20 mol dm*, relative
rate doubled from 0.5 to 1.0. Doubling of rate is due to doubling of
[C¢H,CHCICH ], so zero order wrt [OH-]. [1]

Hence, overall order=1+0=1

Write the rate equation for this reaction. [1]

Rate = k{C,H,CHCICH,] [1]

Deduce the value of x in Table 2.1. [11

Comparing experiments 2 & 4, relative rate doubled from 1.0 to 2.0. Since zero
order wrt to OH" and first order wrt to C;H,CHCICH, concentration of

C¢H;CHCICH, will double to 9.2 moi dm?. [1] with explanation

Using your answer to (b){(i), name and draw the mechanism for the reaction of
1-chloro-1-phenylethane with hydroxide ions. Include all relevant lone pairs, dipoles

and curly arrows to show the movement of electron pairs. [31
Step 1 ?o_v
_ slow He
T g
HT [ CeHs CH3
CHs
Step 2 > OH
o’ o+ ow fast |
. / .vlll 0
. _C—CeHs I\\ /oaz.“v
Ha
CH,

vMechanism : Sy1

¥'C-Cl dipole and first curly arrow
v'slow step

¥ intermediate cation and CI-

v'OH- with lone pair and curly arrow
¥'correct product

2v =1 mark
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3

(a

®)

Aqueous halogens react with methanoic acid to form hydrogen halides and an acidic gas.

)

(i)

Suggest the chemical equation for the reaction between bromine and methanoic
acid. i

Br:(aq) + HCO:H(aq) — 2HBr(aqg) + CO2{g) [1] state symbols not required

With the use of relevant data from the Data Booklet, describe and explain the trend
in the thermal stability of the hydrogen halides, HC!, HBr and HI. [2]
2HX(g) — Ha(g) + Xa(g) where X=Cl, Brorl

Thormal stability decreases down the group: HC! > HBr > HI v/

il
Atomic radius increases v' down the group resulting in less effective orbital
overlap between hydrogen and halogen atom.v’

or

Covalent bond strength and hence bond energy of H-X decreasesv. Less
energy is needed to break the H-X bond.

Bond energy / kJ mol': HC/, 431; HBr, 366; HI, 299 v/
2v = 1 mark

When iron is heated separately with chlorine and iodine, the respective iron halide is formed
but each containing iron of a different oxidation state.

Using E® values from the Data Booklet, suggest the formula of the final iron halide formed
for each reaction. [3]

MG&N\Q.. =+1.36 <u mc_& r=+0.54 V

EPre2tpe = ~0.44 V, E¥eo3*ipe2t = +0.77 V

Fe to Fe?': E% = +0.54 — (—0.44) = +0.98 V v/
Fe?" to Fe®: E%an = +0.54 — (+0.77) = -0.23 V v (< 0; reaction is non-spontaneous)
lodine is only able to oxidise Fe to Fe?* but not Fe**. Fel, v is formed.

Fe to Fe?": B’ = +1.36 — (~0.44) = +1.80 V v/
Fe?* to Fe®: Eoou = +1.36 - (+0.77) = +0.59 V v

Chiorine can further oxidise Fe** to Fe®". FeClL vis formed as Cl is a stronger
oxidising agent.

2v =1 mark

(c) Halogenated esters are used as intermediates in pharmaceutical drugs.
The reaction scheme below shows how a chlorinated ester, S, can be made from ethanoic

acid.
0 o}
PCl3
——»  C,H0CI ——= o
HO step 1 P step 2 cl
ethanoic acid Q
step 3
0 o]
Ci! - \:/\O~
/o\:/\ stepd  HO
3 R
(M Suggest the structure of intermediate P formed in step 1. [1]
o]
ci
Fm
(i)  State the reagents and conditions for step 4. M

CH1OH, concentrated H.SO., heat [1]

(iti) Oo-:vmm and explain the relative acidity of agueous solutions of ettianoic acid, Q
and R.

[1] Q > R > ethanoic acid

[] electronegative / electron-withdrawing C! disperses the negative charge on the
anion of R (CH,CICOO"), [v] stabilising the anion of R

hydrolyses / reacts in water to form a strong acid / HCI
2v1=1]

(iv) Steps 1 and 2 need fo be cairied out carefully to prevent the formation of
compound T.
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K

OH o 0
MJQ\ Na l/w_ﬁ \Mv/

alkaline aq |,
(NaOH, [,, heat)

OH o

4  The Gibbs free energy change, AG, is related to temperature, T, by the equation:

~274

Iofo:

-394

[Total: 24}

- 890

AG, Gibbs free energy change / kd mol-!

AG=AH-TAS

Fig. 4.1 shows the Ellingham diagram which is a plot of AG against T and is used to evaluate
the ease of reduction of oxides. The diagram shows how AG changes with T from 300 K to
2000 K for the following reactions.

reaction (1): C(s) + Oz(g) = CO2(g)
reaction (2): 2C(s) + Ox(g) = 2CO(g)
reaction (3): Ti(s) + Oz(g) = TiOxs)

(1) C(s) + Oz{g) = CO2(9) 353

~ 580
~ 580

300 900 1950 2000

Temperature / K

Fig. 4.1

Use Fig. 4.1 to answer parts (a) and (b).

(@) (i) With reference to the AG equation, explain why the AG for reaction (1) is almost
independent of temperature. [1]

—AS is the gradient of the AG vs T/ K graph.

In reaction (1), there is no change in the nu
reaction, so the entro

mber _of moles of gas after the
( 0. The gradient of the

graph is almost horizontal and AG is almost independent of temperature. [1]

(if)  Calculate the entropy change for reaction (3), in J moi! K-'. [1}
~AS = gradient of straight line of reaction (3) = ((— 560 — (-~ 890)) / (2000 — 300)
=0.194 kJ mol' K-' = 194 J mol-! K-

Hence AS =-194 J mol™' K [1]
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(iii)

v . . i
labelling (only awarded if set-up Is correct) 5 Amino acids play central roles both as building blocks of proteins and as intermediates in

v species metabolism.
¥’ conc and conditions Some amino acids found in proteins are shown in Table 5.1.
v electron flow Table 5.1
2v =1 mark

amino acid abbreviation formula of side chain
Construct the ionic equation for the reaction between ethanal and aspartic acid asp —CHZCO.H
acidified potassium dichromate. 1 glutamine gin —CH,CH,CONH,
[H] Crz07 + 14H* +6e~ — 2Cr** + 7H.0
[O] CHsCHO + H20 — CH;COOH + 2H* + 2e~ (x 3} phenylalanine phe —CH,
3CH;CHO + Cr:0/4 + 8H' — 3CHiCOOH + 2Cr** + 4H.0 [1]

(a) Blood plasma contains 90 % water. Suggest and explain which amino acids in Table 5.1

are likely to be found on the outer surface of proteins molecules in blood pia: t pH 7.4.
The Eee of an electrochemical cell consisting of a standard CH;COOH / CHsCHO y P prasma stp

electrode and a standard Cr.07*~(aq)/ Cr**(aq) electrode is +2.27 V. {2

Calculate the value of the standard electrode potential, U, in Table 4.1. | Aspartic acid v and glutamine v The side chain of aspartic acid can form jon-dipole

EPeot = E%rd— E%x interactions v with water molecules while the side chain of glutamine can form
hydrogen bonds v’ with water molecules.

+227V=+133-V 2¢ = 1 mark

U =-0.94 V [1] with working shown

Exptain how the voltage of this cell would change when aqueous sodium ®) COOH

hydroxide is added to the CH3COOH/ CHsCHO half-cell. [2}

CHiCOOH + 2H* + 2e~ = CHiCHO + H,0 E°ox=-0.94V

NaOH (or OH") added will react with H* causing a decrease in [H*]. v By Le HN

Chatelier’s Principle, equilibrium position will shift to the Jeft v to increase

[H'], favouring oxidation reaction. The structure of another amino acid, proline {pro), is

Eicuscoonrcracio) becomes more negative v (or less positive) hence yoltage Draw the structural formula of the tripeptide, asp—pro-phe. M

will be more positive. (BOD increase) v’

2v = 1 mark ° H
0 N COOH
[Total: 20]
HaN
N CH,

CHoCOH

1

(i) The enzyme, chymotrypsin, selectively hydrolyses at the carboxyl end of
i phenylalanine (phe) and tyrosine (tyr) residues.

The enzyme, trypsin, selectively hydrolyses at the carboxyl end of arginine (arg)
residues.

10,~d9
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The Strecker method is a series of chemical reactions which synthesises an amino acid
from an aldehyde as a starting material.

o} NH, (o]
ZIu ——i
—————» compound X —————»
H CH, CH, OH
phenylalanine
Fig. 5.2
(0] In Fig. 5.2, the first stage involves ammonia acting as a nucleophile, followed by the
elimination of a water molecule to form compound X. Suggest a structureforX. ~ [1]
NH
H CH,

{1

(ii) A starting material, compound Y, can be used to prepare aspartic acid via the
Strecker method.

Suggest the structure of Y. [1}
Q (o]

OH [1]

Group 2 carbonates decompose when heated.
Describe and explain the trend in the thermal stability of the Group 2 carbonates. 2]

Down the Group, charge of the cation remains constant but jonic radius increases v'.
of the cation decreases. v’

ower of cation decreases / resulting in jess polarisation_of the C~O bond
in_CO.* ion, v weakening the C-O covalent bond to a lesser extent. v' must specify
the C-0 bond and the carbonate

More eneray/ higher temperature needed to decompose the carbonate. v°

Thermal stability increases down the group. v

3v =1 mark

An impure copper bar containing .vamﬂﬁy of cobait and metal M was purified using

electrolysis.

impure Cu

A current of 0.850 A was passed through the cell above. After 40.0 minutes, the mass of
one electrode increased by 0.680 g and the mass of the other electrode decreased by
0.714 g. The electrolyte was further analysed and it was found that the amount of Cu?* ions
decreased by 4.62 x 10~ mol.

M was found underneath one of the electrodes.

0] Explain, in terms of electrode reactions, how each of the two impurity metals was
removed from copper, using relevant data from the Data Bookiet. [3]

E*(Co*/Co) = —-0.28V E°(Cu?/Cu) = +0.34V v both data quoted

At the anode, Cu was oxidised over H.O and Cu dissolved to form Cu® ions,
which enter the electrolyte. v

Or

Oxidation at anode: Cu(s) —» Cu*'(aq) + 2e~ (must mention oxidation at anode)

As E°(Co*/Co) is more negative/less positive than E°(Cu®/Cu}, the cobalt
impurity at the anode oxidised to form Co* ions, v which entered the
electrolyte/Co?* ions not reduced at the cathode. v

M was not oxidised as its E° is more positive than E%(Cu?*/Cu) and dropped to
the bottom of the anode as ‘anode siudge’. v’

At the cathode, reduction of Cu* ions to Cu occurred due to more positive
E*(Cu*/Cu) compared to E*(H:O/H;) and E(Co?'/Co). v’

or

Reduction at cathode: Cu**(aq) + 2e~ - Cu(s) + explanation

Hence, only pure Cu was formed at the cathode.

2v =1 mark
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