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3
3 Use of the Data Booklet is relevant to this question. Answer: B

An el t G forms an ionic nitrate with formula G(NOs)..

n elemen " (NOJ2 Option 1 is incorrect as BeCl2 is linear, not bent
In a sample of this compound, the ion G contains 80 electrons and 126 neutrons. Option 2 s correct as NO: is bent shaped and is polar

Option 3 is correct as SO is trigonal planar and non-polar
Which row describes: Option 4 is incorrect as CIF3 is T-shaped.
« the Group where G is found,
» the nucleon number of G in this sample? 5  Hydrazine, N2Hs, and hydrogen peroxide, H2O2, are both used as racket propellants because they can
produce large volumes of hot gases from a small volume of liquid.
nucleon
Group
number Which statements about these two compounds are correct?
A 2 204
1 The bond angle in NzHa is larger than that in H20.
2 208

B 2 The N-H bond is shorter than the O-H bond.

c 14 204 3 NgH, forms stronger intermolecular hydrogen bonds than HxO».

D 14 208 _ 4  There are ¢ bonds formed by sp3-s orbital overlap in both molecules.

A 1and4 B 2and3 C 1,2and4 D 1,3and4
Answer: D
The formula G(NO3) shows that element G can form a +2 cation. Answer: A
G atom has 82 electrons, 82 protons and 126 neutrons, so the nucleon number is 82 + 126 = 208. 1 Correct.
The bond angle in NoHa is 107 (3 bp, 1 Ip) and the bond angle in Hz202 is 105° (2 bp, 2 Ip).
Hence, G is Pb which is a Group 14 element with a mass number of 207.2 and a nucleon number of 208.
2 Incorrect.

4

The table identifies the shape and polarity of four molecules.

Which rows are correct?

The atomic radius of O is smaller than N so the effectiveness of the orbitals overiap is higher
and the O-H bond is shorter.

3 Incorrect.
The dipole moment of the O-H bond is bigger, hence the hydrogen bonds between the H202

molecules are stronger

4 Correct.
The electron pairs around N and O are in a tetrahedral arrangement and hence the N and O
atoms are sp® hybridised and the H atoms consists of s orbitals. The N-H and O-H bonds are
formed by sp® — s orbital overlaps

molecule molecular shape polarity
1 beryliium chloride bent non-polar
2 nitrogen dioxide bent polar
3 sulfur trioxide trigonal planar non-polar
4 chlorine trifluoride trigonal planar polar
A 1,3and4 B 2and3 C 23and4 D 3and4

©YWC
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7

9  The enthalpy change of reaction 1 is —114 kJ mol.

2NaOH(aq) + H2S04(aq) — Na,S0s4(aq) + 2H.0(l) reaction 1
By using this information, what is the most likely value for the enthalpy change of reaction 27
NaOH(ag) + CHsCOOH(aq) — CH;COONa(aq) + H.0(l) reaction 2

A -50 kJ mol™! B 57 kd mol”’ C -114kJmolt D -228 kJmol

11 Melphalan is a drug used to treat infections.

The breakdown of melphalan in the blood is a first-order reaction. An original concentration of
melphalan of 15.00 mg dm™® decreases to 1.875 mg dm™* after 270 minutes.

What is the time taken, in minutes, for the concentration of melphalan to decrease from
10.0 mg dm=3 to 2.00 mg dm3 in the blood?

Answer: A

In reaction 1, when 2 mol of water is produced heat given out is=114 kJ
in reaction 2, the neutralisation between CH;COOH and NaOH produces 1 mol of water.

Thus, heat liberated = %5 x (114) =57 kJ

Ethanoic acid is a weak acid which does not dissociate completely to give H* ions. Hence some energy is
required to for complete dissociation of H* ions. Therefore AH is less exothermic for a weak acid and strong
base compared to AH between a strong acid (H2804) and strong base (NaOH).

10 Which equations represent standard enthalpy changes at 298 K?
1 Hag) + F2(g) — 2HF(a)
2 CHd(g) +20x(g) — COx(g) + 2H0(g)

3 YaFa(g) — F(9)

A 105 B 180 c 209 D 360
Answer: C
au. N:a rd
-3 ——p -3 -3 3 _
15.00 mg dm haltiite 7-50 mg dm ~halfiife 3.75mg dm —hairiie 1.875mg dm™

3 half-lives = 270 minutes, 1 half-life is 90 minutes

final concentration of reactant
initial concentration of reactant

— "

= AMV where n = number of haif-lives.
2 1,0
©= 6

n=2.3219

time taken = 2.3219 half-lives = 90 x 2.3219 =209 minutes

A 1and3 B 2and3 C 2only D 3only
Answer: D
1 For equation 1, to represent the standard enthalpy change of formation of HF, 1 mol of HF should
be formed.

2 For equation 2, to represent the standard enthalpy change of combustion of CH,, water formed
should be in the liquid state.

3 Equation 3 represents the standard enthalpy change of atomisation of fluorine.

evYIJC [Turn over

12 The reaction between NO2z and CO to produce NO and CO: is thought to occur in two steps:
step1: NOz +NOz —2¥ 5 NO +NOs
step2: NO3+CO ——» COz+ NO2

Which statements are correct?

1 The rate constant has units of mol? dmf s~
2 NO; is a catalyst.
3 The rate of reaction is independent on the concentration of CO.

A 1,2and3 B 2and3 C 1and2 D 1only

evYiJC [Turn over
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? 1" 12
M 15 Lysine is an essential amino acid found in the body. It has three pKa values associated 16 Vehicles produce exhaust emissions when the engine is running. These emissions can include
with it harmful pollutants such as carbon monoxide, oxides of nitrogen and unbumt hydrocarbons.
COH A catalytic converter is used to change the gases emitted through chemical reactions.
2
Which reactions between the stated compounds occur in the catalytic converter?
H,N H
1 hydrocarbons + oxides of nitrogen — carbon dioxide + water + nitrogen
H, )4 NH
(CHy)4NH, 2 carbon monoxide + oxides of nitrogen —» carbon dioxide + nitrogen
lysine 3 carbon monoxide + hydrocarbons —» carbon dioxide + water
The pH curve below is obtained when one mole of the protonated lysine is titrated with hydroxide, A 1,2and3 B 1and2 C 2and3 D 1only
OH-, ions.
pH Answer: B
The catalytic converter helps to oxidise carbon, carbon monoxide to carbon dioxide and water and reduce
oxides of nitrogen to nitrogen.
Reaction 3 is incorrect as hydrocarbons do not contain oxygen and cannot oxidse CO to CO..
number of
0 T T T T T | moles of
hydroxide
0 0.5 1.0 1.5 20 25 3.0 added

At which point on the graph does pH = pKai where Ka is the first acid dissociation constant of lysine?

Answer: B

The buffer region will be formed before the equivalence point since the weak acid is present with the salt.
At the maximum buffer capacity, pH = pKa, and it will be at half equivalence point where the [salt] = [weak

acid].

eYlC
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19 Caffeic acid is found at reiatively high levels in spearmint and star anise. It shows antioxidant and anti-
inflammatory activities.

HO N
OH
HO'
caffeic acid

When treated with aqueous bromine, what is the maximum number of bromine atoms that can be
incorporated into a molecule of caffeic acid?

A 2 B 3

Answer: D

Phenol undergoes electrophilic substitution at carbon atoms 2, 4 and 6 relative to the carbon atom bonded
to phenol, while the alkene group undergoes electrophilic addition to form bromoalcohol as the major
product and 1,2-dibromoalkane as the minor product.

Br Br o]

HO
OH

8r
HO' Br

Br

©YNC [Turn over

16

20 Which reaction forms a product which can be further oxidised to form a carboxylic acid?

©YIC

cold, dilute KMnOy4

-

KOH(aq)

cold, dilute KMnO,4

KOH(aq)

cold . INMO»

followed by
boiling in H,O

OO_Q.IMWO&

followed by
boiling in H,O

[Turn over
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20

Answer: D

1 Correct.
There are 5 chiral centres and 2 alkenes that can exhibit cis-trans isomerism. 27 =128.

HO

2 Correct.
The alcohol group can undergo condensation with ethanoy! chioride to form ester.

3 Correct.
The 3 alkene groups undergo strong oxidation. The terminal alkene gives 1 mole of CO. while

ethanedioic acid undergoes further oxidation to give 2 moles of CO.

Answer: C

Acyl chloride (F) will undergo hydrolysis fastest, while chlorobenzene (H) will be resistant to hydrolysis.

Bromoalkane (G) will react faster than chloroalkane (E) due to C-Br bond being weaker than C~Cl bond.

23 Which pairs of compounds can be distinguished using the stated reagents and conditions?

—

22 A comparison is made of the rate of hydrolysis of four halogenocompounds by hot aqueous NaOH.

CHaCH2CHC! CH3CH.COC! CeHsCH.Br CsHsCl
E F G H

How will the rates of hydrolysis compare?

fastest e slowest
A E G H F
B G H E F
c F G E H
c[ F E G H

©YlC [Turn over

compounds reagents and conditions
1 CH3CH2CO,H and CH3;CH.CH2OH Na, room temperature
2 | CH3CO2CH2CH3z and CHiCONHCH:CHa NaOH(aq), I»(aq), heat
3 CH3CON(CHa). and (CH3)2CHCONH: NaOH(agq), heat
A 1,2and3 B 1and2 C 2and3 D 3only
Answer: C
1 Incorrect.

Both carboxylic acid and alcohol will give effervescence of H; gas.

2 Correct.
Ester and amide undergo alkaline hydrolysis. Ethanol formed from hydrolysis of ester will give
a pale yellow ppt with alkaline iodine.

3 Correct.
Primary amide undergoses alkaline hydrolysis to liberate NH; gas.

[©)4N]o] [Turn over
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25 The compound CatH7CO2CeHs is an ester.
Which statement about this ester is correct?

A Its name is phenyl propanoate.
B When heated with NaOH(aq), phenoal is one of the products formed.
C  When heated with H2SOs(aq), butanoic acid is one of the products formed.

D It can be formed using butanoic acid and phenol.

24

Answer: C

pro —val ~thr
thr — ser —asn
asn - val — pro
pro — gly — his

pro - val — thr — ser — asn — val — pro ~ gly - his

Answer: C

A Incorrect.
Its name is phenyl butanoate.

B incorrect.
C3H2C0.CsHs undergoes alkaline hydrolysis to form sodium butanoate and sodium phenoxide.

c Correct.
C3sH7CO:CsHs undergoes acidic hydrolysis to form butanoic acid and phenol.

Incomrect.
D  Phenol is too weak of a nucleophile to undergo condensation with carboxylic acid. Butanoyl

chloride should be used instead.

27 Which diagram correctly shows the arrangement of the six coordinate bonds in a regular octahedral

‘complex of copper?
A B (o D
2, N Q N P
T, | Y, | &S o~ \\\o \
Cu ‘Cu Cu Cu,
- — ~~ 7 — ™~ 7 | "y

26 A nonapeptide was hydrolysed partially using an enzyme to yield the following tripeptide fragments:

thr — ser —asn

pro — gly — his
asn — val - pro
pro —val —thr

What is the correct amino acid sequence in the nonapeptide?

A asn - val — pro — gly - his — thr — ser — asn — val
B thr—ser—asn - val — pro — gly — his — val — pro

C  pro-val - thr—ser— asn — val - pro — gly — his

o

his — gly — pro — val — asn — ser — thr — val — pro

©YIlJC [Turn over

Answer: C

In the octahedral geometry, atoms 1,2,4 and 6 are in the same plane and bonds are represented as solid
lines. Atom 5 is going out of the plane and the bond is represented by a wedge. Atom 3 is going into the
plane and the bond is represented by a dash.

28 The standard redox potential for the half-cell reaction
Fe* + e & Fe? is+0.77V.
Which celt would be used to determine this standard value?
A Fe electrode in 1 mol dm Fe* agalnst Fe electrode in 1 mol dm™ Fe**
B Pt electrode in 1 mol dm® Fe* against Pt electrode in 1 mot dm Fe?*

c Feelectrode in a solution containing 1 mol dm™ Fe?** and 1 mol dm Fe? against a
standard hydrogen electrode

p Ptelectrodein a solution containing 1 mot dm™ Fe* and 1 mol dm Fe?* against a
standard hydrogen electrode

©YLJC [Turn over
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—
Answer: D

BP~960

Electrode P is the positive anode, while electrode Q is the negative cathode

Since oxidation occurs at the anode, while reduction occurs at the cathode,

At the anode:
Fe?* + 2e = Fe Ee=-044V

O + 4H* +4e” & 2H,0 Eo=4123V

Oxidation of the Fe anode will oceur at electrode P since it has the most negative E® and causing a decrease
in the mass of the Fe electrode.

At the cathode:
Kr+e =2 K =292V
2H,0 + 2e~ & Hz + 20H- E*=-083V

The Fe electrode will not dissolve since Fe cannot be reduced and thus no change in mass of the Fe

electrode.
H. gas will be evoived since it has the most positive £°.

L

ANSWER KEY
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3
(i)  Calculate the concentration of OH~(aq) in a saturated solution of chromium(TII)

hydroxide, given the value of K, is 6.7 x 107", 2

Let the solubility of Cr(OH)s be x mol dm~

[Cr*] = x mol dm™3; {OH"] = 3x mol dm™
Kep = [CrJ[OHT = (x)(3x)°

6.7 x 10731 = 27x*
x = 1,2550 x 10" mol dm™
[OH] = 3 x (1.2550 x 10-%) = 3.77 x 10-°mol dm™

(iii)  Describe and explain how the solubitity of chromium(III) hydroxide is affected by adding
quAmO»vuAmnv. 1]

When Cr(SOs)(aq) is added, it increases the concentration of Cr¥*. This cause the position of
equilibrium to shift to the left to decrease [Cr*], hence solubility of Cr(OH); decreases.

(¢} tron{ll) oxide, FeO, is used to form FesO4 as shown.
4FeQ(s) —» Fe(s) + FeaOa(s)
Each formula unit of Fe;O4 contains one Fe?* and two Fe* ions.

(i) Using oxidation number, show how the reaction can be described as a
disproportionation reaction. M

The oxidation number of Fe is simultaneously decreased from +2 in FeO to 0 in Fe and +2 in FeO to +3
in _umwOA.

FesO4{l) can be electrolysed using inert electrodes to form Fe.

(ii)  Write the half-equation for the reaction that occurs at the anode during the electrolysis
of FeaOu(l). il

20%(1) > O2(g) + 4e”

©YWC [Turn over

4
{iiy Calculate the maximum mass of iron metal formed when FesO.(l) is electrolysed for

6 hours using a current of 50 A.

Assume that one Fe?* and two Fe? ions are discharged at the same rate. [3]

Q=1xt=50x (6 x 60 x60)=1.08 x 10° C = neF
Ne = (1.08 x 10) + (96500) = 11.19 mol

Fe?*(l) + 2Fe¥(l) + 8e — 3Fe(s)
Amount of Fe formed = 3/8 x 11.19 = 4.20 mol
Mass of Fe formed = 4.20 x 565.8 =234 g

[Totatl: 14]
2 (a) An organic compound A, CsH,O, undergoes complete combustion to produce CO2 and Hz0.

The value of y in the molecular formula of A can be determined by exploding it with an excess
oxygen and analysing the products of the combustion.

(i Balance the following equation, in terms of y, for the complete combustion of
one mole of compound A at 300 °C and 1 atm.

CsHOlg) + 0:g) — COxg) + H20(g)

CsH,0(g) + A;M.—.VONGV — 5C0O2(g) + A.WVINOGV

(i)  When 10 cm® of gaseous compound A was mixed with an excess oxygen at 300 °C and
1 atm, there is an expansion of volume by 25 cm?.

Determine the vaiue of y. [2]

Using Avogadro’s Law where mole ratio = volume ratio,
18+y
CsH,O(g) + A

- vo%v — 5CO.(g) * @_._No@
Mole 1 Aa M Y v 5 @
A;AQV 10 50 @ x 10

18
Volume of gases used up = Volume of A + Volume of O reacted = 10 + A M 24 v x10= A:oM » v cm?®

Volume 10

Volume of gases produced = Volume of CO + Volume of H.0 = 50 + @v x 10 = (50 + 5y) cm?

©YlJC [Turn over
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7
) Predict the effect of increasing the temperature on the spontaneity of this reaction.

Explain your answer. 2)

BP-964

AHP is negative, AS® is negative
AGO = AH-TAS

As temperature increases, magnitude of TAS® > magnitude of AH®
AG > 0 reaction so reaction become less spontaneous as temperature increases.
or
As temperature increases, —“TAS becomes more positive, hence AG becomes more positive (AH is
negative). So reaction become less spontaneous as temperature increases.

(e) (i) Define the term standard enthalpy change of combustion. 1

8
() The equation below represents the standard enthaipy change of formation of propan-1-ol.

3C(s) + 4Ha(g) + ¥%0s(g) —> CHsCH:CH,OH(!)

Calculate the standard enthalpy change of formation, AHf, of liquid propan-1-ol using the data
given in Table 2.3.

Table 2.3
standard enthalpy change of combustion of CH:CH2CHzOH(l) —2021 kJ mol-t
standard enthalpy change of combustion of C(s) —-393.5 kJ mol™'
standard enthalpy change of formation of H20(l) -285.8 kJ mol™!

1

Standard enthalpy change of combustion is the heat evolved when 1 mole of a substance is
completely burnt in excess oxygen at 298 K and 1 bar.

(i)  Use of the Data Bookiet is relevant to this question.
In an experiment to determine the standard enthalpy change of combustion of ethanol,
CHsCH-0H, 0.230 g of ethanol was burned, and the heat given off raised the
temperature of 100 g of water by 16.3 °C.

Calculate the enthalpy change of combustion, AHE, of ethanol. [2]

AH? of H0(1) = AHS of Ha(g)
AH? of CHsCH2CH,OH () = 3(~393.5) + 4(-285.8) — (~2021.0) = ~303 kJ mol-*

Heat transferred = 100 x 4,18 x 16.3 = 6813.4J
Amount of ethanol burnt = 0.230 + 46.0 = 0.00500 mol
AHS = - (6813.4 + 0.00500) = - 1360 kJ mol*

(iii) Suggest one reason why the value for the enthalpy change of combustion of ethanol
determined by a simple laboratory calorimetry experiment is likely to be lower than the
true value. 1

[Total: 17}
3 lodide ions react with peroxodisulfate ions to form iodine and sulfate ions as shown in the equation.
2I(aq) + S:0s(aq) —> I(aq) + 2504 (aq)

The rate of the reaction can be determined by mixing 50.0 cm® of 0.200 mol dm™3 of aqueous
potassium iodide with 50.0 cm?® of 2.00 mol dm~aqueous potassium peroxodisulfate. At various time
intervals, a portion of the reaction mixture would be drawn, quenched and titrated against a standard
solution of aqueous sodium thiosulfate, Na2S203(aq).

The volume of sodium thiosulfate used is directly proportionat to the volume of iodine produced.
(a) Outline how you would collect sufficient data to allow a graph of volume of sodium thiosulfate
against time to be drawn. You are provided with the same solutions which were used in the

experiment described.

No details regarding use of specific glassware are required. [3)

« Heat loss to the surrounding

e Incomplete combustion of the ethanol

« Some ethanol evaporated before weighing

o Heat capacity of the calorimeter is not accounted for

©YuC [Turn over

Step 1:  Using a measuring cylinder, add 50 cm® of Kl(aq) into a beaker.

Step2: Using another measuring, add 50 cm? of K2S20s(aq) into the beaker.

Step 3:  Start the stopwatch immediately.

Step4: At t=2 minute, pipette 10.0 cm® of the reaction mixture into a conical flask.
Step 5: Pour ice/cold water into the conical flask immediately to quench the reaction.

Step 6: Titrate the solution in the conical flask with Na;S203(aq). When the solution turns pale yellow,
add a few drops of starch and continue to titrate the blue-black solution decolourises.

Step 7: Repeat step 4 to 6 for { = 4, 6, 8 and 10 mins

©YlC [Turn over
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1
4 (a) Amphetamine is a synthetic stimulant drug that stimulates the nervous system. It is used for
treatment of attention-deficit hyperactivity disorder (ADHD).

Amphetamine can be synthesised from phenylpropanone as shown in Fig. 4.1.

step 1
e
+ NH
o 3

phenylpropanone

HO NH,

step 2

step 3
e
NH, NH

Fig. 4.1

amphetamine

) State the type of reactions that occur during each of the steps 1,2 and 3.

(

step type of reaction

31

step type of reaction

1 nucleophilic addition

2 elimination

3 reduction

©YlC {Turn over

12

(i)  Amphetamine can be also synthesised from (2-bromopropyl)benzene with ammonia as
shown in Fig. 4.2.

NH3
Br heat NH,
(2-bromopropyl)benzene amphetamine
Fig. 4.2

When plane-polarised light is passed through the amphetamine that is synthesised
using this reaction, there is no effect.

Draw a mechanism that can explain the above observation. Show relevant lone pairs
and dipole, and use curly arrows to indicate the movement of electrons pairs.

Use R to represent - CH2CsHs. [3]
Name of mechanism: Nucleophilic substitution, Sn1
step 1 ?ﬂu
8+ slow OIw:::.W'-N +Br-
o —_—
o_.:\ (15 H”
step 2 H
_ . y Br
H——N—H
_( -
I\ \ R
CHy
H
©eYuc [Turn over
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(i) Name the type of reaction occurring when a tripeptide in formed from the three amino
order of a-amino | structure of predominant acids. 0!
acids washed off | species of a-amino acid at explanation
the column pH 7.0 condensation reaction
H At pH 7, lysine is positively charged and there
_ will be repulsion with the positively charged
*HaN——C—COy DEAE-cellulose.
first 3 _ 2 (i)  State the maximum number of different tripeptides that can be formed from the three
. amino acids. M
(CH3z)4NH;
H At pH 7, glutamine is electrically neutral. )
_ P 9 Y Maximum number of different tripeptides = 3! = 6
second +qul|ﬂ_u|.100~-
(CH3)oCONH, (il)  Draw the skeletal formula of one of the possible tripeptides that can be formed from the
H At pH 7, aspartic acid will be negatively charged three amino acids. 2
_ and there will be attraction with the positively
last *HaN——C——CO; charged DEAE-cellulose. W
_ o, Ny [+]
CH,CO,” 9 oH o
o o n o o
. R N
HaN . - " on il " ]
o o
(ii)  Alanine and leucine are also a-amino acids.
o
oH - o e o
H H N N asp-lys-giu
_ _ lys-glu-asp lys-asp-glu
HN——C——COOH H,N——C——COOH o~ i Q
_ — a o 9 on [+]
CHg3 OINOIAOvam HN, N o a HaN. u
alanine leucine ¥ on " " : N on
o ° ' ; on I
Explain why DEAE-cellulose cannot be used to separate a mixture of these two a-amino o ° J
acids. i " o HN )
N HaN 0 2
asp-glu-lys glu-lys-asp Ao
At pH 7, both alanine and leucine will be electrically neutral. R groups in both alanine and leucine are glu-asp-lys
not charged. Both will not be attracted to DEAE cellulose and will be washed off together at the same
rate.
[Total: 15}
{c) Atripeptide can be made by reacting aspartic acid, lysine and glutamine.
amino acid R group
aspartic acid -CH2COzH
lysine ~(CH2)aNHz
glutamine -(CHz2)2CONH.
©eYlC [Turn over
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(¢) The rate equation for the conversion of ethano! to ethanal by the alcohol dehydrogenase
enzyme is
rate = kcat[AD][S]
K + [S]

Where: [AD] is the concentration of the alcohol dehydrogenase enzyme,
[S] is the concentration of the substrate, ethanol,
keat is the rate constant,

Kuis a constant that measures the ease of dissociation of the enzyme-substrate
complex back to the reactants.

Table 5.1 gives the values of ke and Ky for ethanol.

Table 5.1

Keat/ 877 K / mol dm-3
1.33 1.00 x 102

At present in Singapore the legal limit to drive a car is 80 mg of ethanol per 100 cm? of blood.

(i) The concentration of ethanol at the Singapore legat limit to drive a car, when expressed
in mol dm3, is 1.74 x 102 mol dm™2.

Using the information above, show that the rate equation of this reaction is
rate = ke AD}

when [ethanol] is at the Singapore’s legal limit to drive a car. [1]

20

(i) Use your answer to (c}(i) and (c)(ii) to calculate the concentration of alcohol
dehydrogenase enzyme in this person. 1]

rate = k{AD]
[AD] = rate + k= {1.107 x 107 + 1.33 = 8.32 x 10~ mol dm3

(iv) Calculate the time, in hours, required for the person with a BAC of 345 mg of ethanol
per 100 cm? of blood to fail to the Singapore’s legal limit to drive a car immediately after
he has stopped consuming any more alcoholic beverages. [1]

Let t = time required
345-80 _345-80

At t-0

rate of loss of ethanot per 100 cm? of blood = 18.33 mg hr' =
t=14.45 = 14.5 hours

(d) Methanol and ethane-1,2-diol are poisonous chemicals. When ingested, alcohol
dehydrogenase metabolises these alcohols to form acidic metabolites that are highly toxic.

(i)  Write an equation of the oxidation of ethane-1,2-diol fo its corresponding acid.
Use [O] to present the formula of the oxidising agent. [1]

HOCHzCH;OH + 4[0] — (COzH): + 2H,0

Since the [ethanof] at the legal limit of 1.74 x 10-2 mol dm2is larger than Kw value of 1.00 x 107
mol dm=3, Ku <[S] the rate equation becomes

keat[AD]S] _ Koat[ADIIS]

= KAD
Ky +[8) (sl HAD)

rate =

(i)  Ethanol is used to treat victims of methanol or ethane-1,2-diol poisoning. This is because
ethanol is a better substrate for alcohol dehydrogenase, and it will be metabolised
preferentially by the enzyme.

Describe a simple chemical test that could be used to distinguish ethanol from
methano! and state your observations clearly [2]

Drivers who consume too much alcoholic beverages will need to wait for the BAC in their blood
to fall below the legal limit. This process of waiting is known as sobering up.

The rate of loss of ethanol per 100 cm? of blood is 18.33 mg hr-' and is a constant value.

(i)  Calculate the rate loss of ethanol, in mol dm~2 s, when a person is sobering up. [3)

rate loss of ethanol in g per 100 cm? of blood per hour = 18.333 x 103g

rate loss of ethanol in g per 1 dm? of biood per hour = 0.18333 g

rate loss of ethanol in mol per 1 dm?® of blood per hour = 0.18333 + 46.0 = 3.9854 x 107 mol

rate loss of ethanal in mol per 1 dm? of blood per sec = 3.9854 x 107 + (60 x 60) = 1.11 x 10~ mol

[©)¢ N[ [Turn over

chemical test ethanol methanol
To each unknown in
separate test-tubes, add
I(aq), NaOH(aq) and
warm
To each unknown in

(pale) yellow precipitate no precipitate

purple KMnO, decolourises

separate test-tubes, add purple KMnO4 and effervescence. Gas
KMnOd(aq), H2S04(aq) decolourises evolved gives a white
and warm precipitate with limewater
©YuC [Turn over
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T_*
) HaC——C——CHj

2 CHaCHCH; — _
HaC——C——CHa

H

(c) (i) Definethe term /attice energy. 1]

Lattice energy is the heat evolved when 1 mole of a solid ionic compound is formed from its
constituent gaseous ions.

{ii) Use the data in Table 1.1, together with data from the Data Booklet, to calculate a
value for the lattice energy of silver iodide, Agl(s). Show your working.

Table 1.1
value / kJ mol!
electron affinity of iodine, I(g) + e~ —> I+(g) ~295
enthalpy change of sublimation of iodine molecules, +62
Lx(s) — IAg)
standard enthalpy change of atomisation of Ag(s) +285
standard enthalpy change of formation of Agl(s} -62

131

(d) Air bags in car inflate rapidly during an accident to protect the front passengers. The air
bag contains sodium azide, NaNs, silicon dioxide, SiO2, and potassium nitrate, KNOa.

On impact, three reactions take place.

The sodium azide first decomposes to sodium and nitrogen.

2NaNa(s) —> 2Na(s) + 3Nz(g)
The nitrogen formed inflates the air bag while the sodium formed reacts with potassium
nitrate to form sodium oxide, potassium oxide and additional nitrogen gas, which may be

used to fill the air bag.

Potassium oxide and sodium oxide then react with silicon dioxide to form harmless metal
silicates.

K:0(s) + NazO(s) + SiOas) —> KzNazSiOu(s)

(i) Write an equation, with state symbols, for the reaction between sodium and
potassium nitrate. 11

10Na(s) + 2KNOa(s) —> 5NazO(s) + K20(s) + N2(g)

4\ AH(Agl) = -62

Agls) + 1/21,(s) ——  Agl(s)

112 x AHgyp(lp) = 31

Ag(s) + 1/215(g)

DI-:L)mv DIN.EAC
= +285 = 1/2 BE (I-])
=755
: LE.
Aglg) + L)
1st .E." (Ag) EAMD
= +731 =295

Ag'(g) + I(g)

Lattice energy = —62 — [31 + 75.5 + (~295) + 285 + 731] = -889.5 = -880 kJ mol™*

©vYIC [Turn over

(i) Calculate the mass of sodium azide needed to inflate an air bag of capacity 60 dm?
at room temperature and pressure. [2}

Amount of N2 needed to fill a 60 dm? air bag = 60 + 24 = 2.50 mol
2 mol of NaN; produces 3 mol of Nz and 2 mol of Na;

10 mol of Na produces 1 mol of N2 in its reaction with KNO; which means 2 mol of Na produces
0.2 mol of N2

Hence 2 mol of NaNs; produces a total of 3.2 mol of Nz.
Amount of NaNs needed to produce 2.5 mol of Nz = ”|w x 2 = 1.5625 mol

Mass of NaNa required = 1.5625 x (23.0 + 14.0 x 3)=102g

©YLC [Turn over
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(iv) Use the datain Table 2.1, together with data from the Data Booklet, and to calculate
the enthalpy change, AH, in kJ mol™, for the reaction in equation 2.1. [1]

Kp (at temperature T3) T 2.30R N‘t m
133%102% _ -aH 1 1

loge T2 702~ 2.30(8.31) 600 750
AH = —114678 J mol-' = ~115 kJ mol*

Kp (at temperature Ty) -AH 1 1
logre = )

(v) The standard enthalpy change of formation of ammonia is —46 kJ mol~!, given that
AH for the reaction in equation 2.1 to be ~92 kJ mol™.

Suggest one reason why this differs from the value calculated in (iv). [1]

« The calculated AH from enthalpy change of formation is based on standard conditions of

298 K and 1 bar. or
e The calcutated AH in (iv) is based on 50% conversion of the reactants.

(b) The Ki values of three bases, at 25 °C, are shown in Table 2.2.

Table 2.2
base formula Ko / mol dm™
ammonia NH3 1.8 %105
ethylamine CH3CHzNH2 45x 10
phenytamine NH, 7.4 x 107
(i) Calculate the pH of 0.25 mol dm™ solution of ethylamine. [2]

(ii)  Explain the relative magnitudes of the Ky values in Table 2.2. 2]

Increasing order of base strength: phenylamine < ammonia < ethylamine

Ethylamine has the largest K, value and is the strongest base as the lone pair on N is more
available to accept a proton, as the electron donating ~CH2CHs group increases the electron
density at the N atom making the lone pair of electrons on N atom more available to accept
a proton.

Phenylamine has a smaller K, value and is a weaker base than ammonia as the lone pair of
electrons on the N atom is delocalised into the benzene ring. This decreases the electron
density on nitrogen atom, making the lone pair of electrons on N atom less available to
accept a proton.

(ili) Explain why amides, RCONH;, are neutral, rather than basic. M

pOH = —log /K X €
= —logVy45x 107 x 0.25
=1.9744

pH = 14 —1.9744 = 12.0

eYIJC {Turn aver

Amides are neutral because the lone pair of electrons on the N atom in the -CONH: group is
not available for donation to H* as it is delocalised into the C=0O group.

(c) Nitrous acid, HNO>, can be used to react with aminoalcoho! to form an enlarged
cycloketone via the Tiffeneau-Demjanov Rearrangement, as shown below.

HO NH, o

HNO, N

——

cyclic aminoalcohol cycloketone

Methylenecyclopentane can be used to synthesise cyclohexancne by the four-step route
shown in Fig. 2.1.

(o]
step 1 step 2 step 3 step 4
+ HNO,
— | ——» M —>» N —>»
methylenecyclopentane cyclohexanone
Fig. 2.1
©YIlJC [Turn over
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(c) Table 3.1 give data about some physical properties of the elements calcium, iron and
copper.
Table 3.1
property calcium iron copper
relative atomic mass 40.1 55.8 63.5
atomic radius (metallic) / nm 0.197 0.126 0.128
ionic radius (2+) / nm 0.099 0.076 0.069
melting point / K 1112 1808 1358
density / g cm™® 1.54 7.86 8.92
electrical conductivity / x 10 S cm™ 0.298 0.100 0.596
(i)  Explain why the atomic radii of iron and copper are similar to each other. 2}

12

(iv) Copper(Il) carbonate decomposes at 300 °C while calcium carbonate decomposes
at 830 °C.

Suggest an explanation for the difference in the temperature at which the two metal
carbonates will decompose. 2]

While the charge of Cu® is the same as that of Ca?", the lonic radii of Cu*" is smaller than that
of Ca?* [\]. Hence the charge density and polarising power of Cu** Is higher than Ca” [v]
resulting in the electron cloud of the large CO:* anlon is distorted (or polarised) to a
greater extent and a bigger weakening effect on the C-O bond within the COs* [V] by the
Cu?*. Thus, less amount of energy is required to break the C-O bond [V in the COa%".

Therefore, CuCOs decomposes at a lower temperature than CaCOs.

Nuclear charge of copper is higher than iron as copper has higher number of protons.

Shielding effect of copper is higher than iron as the additional electrons are added to the
inner 3d subshell.

The increase in nuclear charge is to a large extent cancelled out by the increase in shielding
effect leading to relatively constant nuclear charge. Hence, the atomic radius of iron and
copper are similar.

(if) Explain why the densities of iron and copper are significantly greater than that of
calcium using relevant data from Table 3.1. (No calculations are required.) [2]

(d) Describe and explain what you would see when NHs(aq) is added slowly to a solution
containing Cu?*(aq) ions, until the NHs(aq) is in excess.

Write equations for any reactions that occur. [4}

Density = mass + volume

Iron and copper have greater relative atomic mass and smaller atomic / ionic radius than
calcium.

Hence, iron and copper have greater relative atomic mass to atomic radius ratio than calcium and
therefore a higher density.

As a weak Bronsted-Lowry base, ammonia undergoes partial dissociation in agueous medium
to form hydroxide ions.
NHs(aq) + H:0() ¥ NHs'(aq) + OH-(aq)

A blue precipitate, Cu(OH), is first formed when a small amount of NHs(aq) is added to
Cu?*(aq), a blue solution.

[Cu(Hz0)s*(aq) + 20H(aq) & Cu(OH)(s) + 6H0())

When excess NHai(aq) is added, NH; acts as a ligand, the blue precipitate dissolves to give a
deep blue solution due to the formation of the complex ion, [Cu(NH3)4(H20)2]%*.

[Cu(H0)e*(ag) + 4NHa(aq) ¥ [Cu(NHa)s(H20))*(aq) + 4H20()

When solid copper(II) carbonate is heated, it behaves in a similar way to the Group 2
carbonates.

(i) Write an equation, with state symbols, for the decomposition of the carbonate ion,
COs%. 1

COsZ(s) — COx(g) + O%(s)

eYIJC [Turn over

NHa is a stronger ligand than H20 and displaces water via ligand exchange reaction.

©YlC [Turn over
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(b) Beams of charged particles are deflected by an electric field.

(i) State two ways in which the behaviour of electrons in an electric field differs from
that of protons. 11

The deflection of electrons will be toward the positive pole whereas the deflection of protons will
be toward the negative pole.

The angle of deflection of electrons occurs with a greater magnitude as an electron is much lighter
than a proton.

] 16

(i) Diving tanks store a mixture of oxygen, nitrogen and helium gas at high pressures
for deep-water diving for long periods of time.

When air bubbies are released underwater, they expand in size.

A 10 cm® bubble was released from a diver, 120 m below the water surface at a
pressure of 1300 kPa and temperature of 10 °C.

It was estimated that pressure increases by 101 kPa with each 10 m depth.

Calculate the volume of the air bubble when it ascends towards the water surface
by 60 m where the water temperature is 20 °C. [1}

(ii) In a particular experimental set-up, protons are deflected through an angle of +15°.

Assuming an identical set of experimental conditions, by what angles will the
following particles be deflected?

. NIl
o IHe? 2

angle of deflection « charge/mass ratio

The charge/mass ratio of a proton is 1.
—1
« charge/mass ratio of 2H"= Y and angle of deflection = -7.5°
+2

» charge/mass ratio of *He* = Y and angle of deflection = +10°

(¢) (i) Statethree basic assumptions of the kinetic theory as appliedto anideal gas. {2}

« molecules of ideal gas take up zero (or negligible) volume as compared to the volume of the

container
« molecules of ideal gas have negligible intermolecular forces of attraction

o intermolecular collisions between molecules of ideal gas are perfectly elastic

evlc [Turn over

Using pV = nRT and since the number of moles of the gas in the bubble

P V1 _poVo

T T2

(1300000 — (6 x 101000))V; _ (1300000)(10 x 10°%)
(273 + 20) a (273 + 10)

Vi =194 x10°5m?
(d) Buttercups contain a poisonous cyclic compound called profoanemonin, CsH4O,.

On catalytic hydrogenation, protoanemonin gives compound A, CsHsO2 When A is
heated with an acid, compound B, CsH1cO3, is formed. On standing, B slowly loses water
and is converted back to A again.

Compound B gives a yellow precipitation with aqueous alkaline iodine and compound C,
C4HsO4, can be isolated.

Protoanemonin is an unstable oil which when treated with an acid or alkali, it is converted
to compound D, CsHsOs. Unlike protoanemonin, D effervesces with agueous sodium
hydrogencarbonate and gives a precipitate with 2,4-dinitrophenylhydrazine but does not
react with Tollens’ reagent.

Suggest possible structures for A, B, C, D, and profoanemonin. For each reaction, state

the type of reaction described and explain what the information tells you about the
functional group present in each compound. [10]

©YlC {Turn over
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(c) The Gattermann—Koch reaction is used to produce benzaldehyde as shown in Fig. 5.1.

(o]

Z

HCI + AICIy
+ CO —

Fig. 5.1

(i) Name the type of reaction in the Gattermann-Koch reaction. [1]

electrophilic substitution

Fig. 5.2 shows the synthesis of compound U, which involves the Gattermann-Koch

(d) Table 5.1 lists the pKa values for some other weak acids.

Table 5.1
acid formula pKa
benzoic acid @‘oo& 4.20
cl
2-chlorobenzoic acid 2.89
COH
OH
2-hydroxybenzoic acid 297
CO,H
4-hydroxybenzoic acid :oln@‘oonx 4.54
I
°~
thiobenzoic acid @\ SH 3.61

(i) Explain the difference in the pKa values between 2-chlorobenzoic acid and benzoic
acid. [1]

reaction.
[o]
step 1 step 2 step 3 NH,
+CO
—_—— § — T —
U
Fig. 5.2
(i) Suggest the structures of the intermediate organic products S and T. 2]
NO, NO,
CHO
S T
(iii) Suggest the reagents and conditions for step 1 and step 3. [2]

pKa: benzoic acid > 2-chlorobenzoic acid
acid strength: benzoic acid < 2-chlorobenzoic acid
stability of conjugate base: benzoate ion < 2-chlorobenzoate ion

2-chlorobenzoic acid is the strongest acid as the negative charge on the O atom of its conjugate
base (2-chlorobenozate ion) is dispersed due to the electron-withdrawing C! atom. This
dispersion of charge stabilises the 2-chiorobenozate ion to a larger extent than the benzoate ion
and 2-hydroxybenzoate ion. Hence, 2-chlorobenzoic acid dissociates to a larger extent than
benzoic acid and 2-hydroxybenzoic acid.

step 1: concentrated HNOs, concentrated H.S04, 55 °C

step 3: Sn, concentrated HCI, heat, followed by NaOH(aq)
eYuc [Turn over
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{ii) In the absence of the carbonyi group, there will be no reaction between butene and
ethylamine.
Suggest why this is so. 1

Conjugate addition between butene and ethylamine does not occur because the carbon atoms
in the C=C have the same electronegativity, thus the carbon atoms do not have a partial
positive charge and thus are not electron deficient and therefore will not be approach by the
NH; nucleophile.

[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 must be
clearly shown.
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(a) Preparation of the reaction mixture

1, Use a measuring cylinder to transfer 50 cm?® of FA 1 to the beaker labelled reaction mixture.
2. Use a measuring cylinder to transfer 20 cm® of FA 2 to the same beaker.

3. A precipitate will form, stir the mixture thoroughly. Leave this mixture to stand for 15 minutes
to allow equilibrium to be reached.

While you are waiting for the mixture to reach equilibrium, proceed with Question 2(a).
(b) (i) Analysing the filtrate

1. Filter the reaction mixture through a dry filter paper into a dry conical flask, labelled
FA 6. This is the filtrate, FA 6. Do not wash the white precipitate with water.

2. Fill a burette with FA 3.

3. Use a pipette to transfer 10.0 cm® of FA 6 into a 250 cm? conical flask.

4. Use a measuring cylinder to add about 10 cm® of FA 4 to the conical flask.
5. Use a measuring cylinder to add about 2 cm® of FA 5 to the conical flask.

8. Run FA 3 from the burette into the conical flask until the brown colour of the iodine fades
to a pale yellow colour.

7. Add about 5 drops of starch solution to the conical flask. Continue adding FA 3 until the
blue-black colour just disappears.

8. Record your titration results, to an appropriate level of precision, in the space provided
below.

9. Repeat points 3 to 7 until consistent results are obtained.
Rinse the conical flask thoroughly between each titration.

Titration results

initial burette reading / cm? 0.00 2.00
final burette reading / cm? 36.50 38.50
volume of FA 3 used /em?® 36.50 36.50

&)
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(ii) From your titrations, obtain a suitable volume of FA 3 to be used in your calculations.
Show clearly how you obtained this volume. [3]

Volume of FA 3 used = (36.50 + 36.50) + 2 = 36.50 cm®

(¢) () Calculate the amount of S;0s> ions present in the volume of FA 3 recorded in (b)(i). 1]

Amount of ;032 ions = (36.50 x 10~%) x 0.0400 = 1.46 x 10~ mol

(i} Calculate the amount of IO~ ions present in 10.0 cm? of the filtrate, FA 6. ]

28,04*(aq) + Ix(ag) —» 2I(aq) + S4Os*(aq)
Amount of I = % x Amount of S$20:2 = % x (1.46 x 10%) = 7.30 x 10~* mol
10s57(aq) + 5I7(agq) + 6H" — 3lx(aq) + 3H:O())

Amount of I05-in 10.0 cm?® = 1/3 x Amount of I= 1/3 x 7.30 x 10 = 2.4333 x 10~* mol

(ilf) Calculate the total amount of IOs"ions present in the filtrate, FA 6. ]

Amount of I05"in 70.0 cm? = (2.4333 x 10-4) x 7 = 1.70 % 10~ mol

(d) (i) Using the initial amount of 105~ ions in the reaction mixture prepared in (a), and your answer
from (c)(iii), calculate the amount of IO3™ions precipitated as Ca(10s).. 1]

Initial amount of IOs-ions in the reaction mixture prepared = 0.200 x 50.0 x 10-*= 0.0100 mo}
Amount of 105 precipitated = 0.0100 — 1.70 x 10~ = 8.30 x 10-*mol
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Qualitative Analysis

In this question, you will perform tests to
« investigate reactions involving vanadate(V) ion, VO3~
« deduce the functional groups present in four organic compounds.

You are provided with:
e FA 7, ammonium vanadate(V), NHsVOs
e zinc, Zn

Unless otherwise stated, the volumes given below are approximate and should be estimated rather
than measured.

{a) (i) Toa2cmdepthof FA7 in a test-tube, add a small spatula of zinc. Leave for approximately
4 minutes with occasional shaking. Record all your observations.

Keep the reaction mixture for use in 2(a)(ii). [2]

Effervescence which pops a lighted splint.
Yellow solution turns blue and then to green finally to lilac/violet/purple.

(b) You are provided with samples of FA 8, FA 9, FA 10 and FA 11, each of which is an aqueous
solution containing a different one of the following:

a carboxylic acid
a ketone
an alcohol
an aldehyde
You will perform the tests described in Table 2.1.
in addition to having access to the usual bench reagents, you are also provided with the following:
« jodine solution,
« solid sodium carbonate.

Perform the tests described in Table 2.1. Some of the observations have been completed for
you. There is no need to carry those tests. Record your observations in Table 2.1.

Test and identify any gases evolved. If there is no observable change write no observation
change.

Use a fresh sample of each solution in each test.

Table 2.1

(i) To 1 cm depth of the solution from (a)(i) in a test-tube, add 1 cm depth of sulfuric acid. Then
add potassium manganate(VII) a few drops at a time untit no further reaction occurs. At this
stage, the solution Is pink because unreacted KMnO, is present.

Record all the changes you observe. [2)

observations | observations | observations | observations

Solution turns from violet to blue then to green and finally to yeliow
Purple KMnOs decolorises.

(i) State the type of reaction occurring in the test in (a)(ii). [1]

Redox

©YIJC [Turn over

with FA 8 with FA 9 with FA 10 with FA 11

1. Addabout 1 cmdepthof FA8ina
test-tube.

To this test-tube, add 6 drops of
sodium hydroxide solution,
followed by iodine solution,
dropwise, until a permanent

orange/red colour is present. no [ | pale yellow

observable | INSCIEM  precipitate
change e formed

Warm the mixture in a beaker of
hot water for two minutes.

Add sodium hydroxide solution
using a teat pipette until no further
change is seen.

Repeat using FA 10 instead of
FA 8.

Place about 2 cm depth of aqueous silver nitrate in a boiling tube. Then slowly add 1 cm depth of
agueous sodium hydroxide. Add aqueous ammonia slowly, with shaking, until the precipitate just
dissolves. You can use a clean glass rod to stir the mixture and help dissolve the precipitate.

Use this solution for test 2.

®YNC [Turn over
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1
Determination of a value for the activation energy of a reaction

FA 12 is 0.1 mo! dm= solution of hydrated sodium thiosulfate, Na»S203.5H20.
FA 13 is 2.0 mol dm~2 hydrochloric acid.

Solid sulfur is one of the products formed in the reaction between sodium thiosulfate and a strong
acid, as shown in the equation 3.1. The presence of sulfur causes the solution to be opaque.
reaction 3 $,0:2(aq) + 2H*(ag) — S(s) + SO2(g) + H20(l)

In order to determine the activation energy for this experiment, you will need to investigate the effect

of temperature on its rate. The rate of this reaction is studied by measuring the time taken for the
reaction to become opaque.

The activation energy, Ea, can be determined from the Arthenius Equation, where T is the reaction
temperature in Kelvin and k is the rate constant at temperature T. The frequency factor, A, can be
regarded as a constant under the conditions of this experiment.

_Ea
k= Ae Rt

In this question, you will perform a series of five experiments, at different temperatures, Tk, each using
the same volumes of FA 12 and FA 13. Then, you will determine the value for the activation energy
of the reaction graphically by plotting values of in(1/f) on the y-axis against 1/7« on the x-axis, a
straight line of best fit may be drawn. The gradient of this line is —EJ/R, where R is the ideal gas
constant.

For each experiment, you will note the temperature of the reaction, T, and the time taken, ¢, for the
reaction mixture to become opaque.

You will then calculate vaiues, to 3 significant figures, for

o A,

. In(1p),

e TinKelvin, T (0.0 °C = 273.0 K)
o 1Tk

(a) Prepare a table in the space provided on page 16 in which to record, to an appropriate level of
precision:

all temperatures,
all values of £,
all calculated values of 1/t, In(1/f), T and 1/Tk.

eYlJC {Turn over
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Notes: In each of these experiments, you will need to place the conical flask containing the
reaction mixture on the printed page on page 2 of the insert. You will view the page
by looking vertically down through the mixture. You will stop the stopwatch when
the mixture first becomes opaque. This will be the first instant when you can no
longer see the printed numbers on the page.

Under no circumstances should the equipment used to measure one solution be
used to measure another solution.

Before you prepare your experimental solutions,

o rinse the inside of the two boiling tubes labelled ‘1" with about 2 cm® of FA 12, Pour this
FA 12 into the waste bottle and place the boiling tubes in the test-tube rack until you need
them.

« rinse the inside of the two boiling tubes labelled ‘2’ with about 2 cm® of FA 13. Pour this
FA 13 into the waste bottle and place the boiling tubes in the test-tube rack until you need
them.

Experiment 1 is performed at room temperature. This is the lowest temperature you wili carry
out. Experiment 2 is performed at 70 °C. This is the highest temperature you will carry out. The
other three experiments are performed at different temperatures. You will use water baths to
change the temperature of these reaction mixtures.

To prepare a hot water bath, you will mix tap water with the hot water provided until an appropriate
temperature is reached.

1. Use a measuring cylinder to transfer 10 cm® of FA 12 into the boiling tube labelled ‘1'. Place
the boiling tube into a 250 cm? beaker containing hot water. This is the hot water bath.

2. Use another measuring cylinder to transfer 20 cm® of FA 13 into the boiling tube labelled '2'.
Place the boiling tube into the hot water bath.

3. Leave the boiling tubes in the hot water bath for use in Experiment 2 and start
Experiment 1.

©oYIC [Turn over
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(ii) Calculate the value of the gradient of the line to three significant figures, showing clear how
you did this. [1]

Taking two points which are more than 3 big squares apart in both horizontal and vertical directions,

Gradient = Y = 2950
Ax

(iii) Calculate the activation energy, E,, for reaction 3.
{R=8.314 JK " mol] {4]

-E./R = gradient
E.=-2950 x (-8.314) = 2.45 x 10* J mol™"

{c) In Experiment 1, you are told to start the stopwatch when about half of the FA 12 solution has
been added.

Suggest why this method is likely to be more accurate than starting the stopwatch after all the
FA 12 has been added. 1]

The experiment time will be longer which resuits in a smaller percentage error.

{(d) When you performed this experiment, you were instructed to wash and drain the conical flask
before using it again.

State and explain the likely effect on t of not draining a flask before it is reused. 1]

effecton t
t will increase

explanation:
Presence of undrained water left in the conical flask would result in dilution of the reactants and hence

rate of reaction decreases, resulting in a longer £.

16

(e) A student repeated the experiment but chose to use burettes to measure the volumes of FA 12
and FA 13.

State and explain, in terms of percentage error, whether the student was wise to use a burette,
rather than a 100 cm® measuring cylinder, to measure the volume of FA 12

il

2x0.05
x 100 = 1.00%

10
0.
% error with measuring cylinder = AIM x 100 = 5.00%

% error with burette =

The student was wise as the use of a burette gives a smaller percentage error.

eYlC [Turn over

[Total: 15]
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(b) Identify one safety issue, relating to the properties of chemicals used or produced, in this
procedure. Expiain the precaution you would take to minimise the issue. [1}

Keep naked flame away from the apparatus as hydrogen is flammable.

[Total: 7]
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Qualitative Analysis Notes
[ppt. = precipitate]
(a) Reactions of aqueous cations
" reaction with
cation
NaOH(aq) NHa(aq)
aluminium, white ppt. white ppt.
AP*(aq) soluble in excess insoluble in excess
ﬂﬂ“ﬂ_mﬂﬂa. ammonia produced on heating -
WMM_MH& no ppt. (if reagents are pure) no ppt.
MMMMMV white ppt. with high [Ca?*(aq)] no ppt.
chromium(III), grey-green ppt. grey-green ppt.
Cr¥*(aq) soluble in excess insoluble in excess
q giving dark green solution
SmmmAE. vm_m blue ppt. M%”%Mﬁ_.: excess
Cu**(aq), insoluble in excess giving dark blue solution
iron(Il) green ppt. turning brown on green ppt. tuming brown on
Fe?* ! contact with air contact with air
*(aq) insoluble in excess insoluble in excess
iron(III), red-brown ppt. red-brown ppt.
Fe**(aq) insoluble in excess insoluble in excess
magnesium, white ppt. white ppt.
Mg?*(aq) insoluble in excess insoluble in excess
off-white ppt., rapidly turning off-white ppt., rapidly tuming
ﬂm”nm:mmaﬁb. brown on contact with air brown on contact with air
n*(aq) insoluble in excess insoluble in excess
zinc, white ppt. white ppt.
Zn?*(aq) soluble in excess soluble in excess
©YIIC
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