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Answer all questions in the spaces provided.

A student reacts lumps of calcium carbonate with hydrochloric acid to determine the
initial rate of reaction.

CaCO,(s) + 2HCl(aq) — CaCly(aq) + H,O(l) + CO,(g)
Method

Add 45 c¢m?® of 0.10 mol dm™ hydrochloric acid to a side-arm flask.
Weigh out about 3 g of calcium carbonate and add it to the flask.
Put a stopper in the flask.

Record the volume of gas formed every 10 seconds.

|I| Complete the diagram in Figure 1 to show how the volume of gas formed
is measured.

[1 mark]

Figure 1

Side-arm flask 9as syringe

@ Suggest why the student does not weigh out the calcium carbonate more accurately.
[1 mark]

The calcium carbonate is in excess, so its exact mass does not affect

the rate or volume.

EI The student measures 45 cm® of hydrochloric acid using a
100 cm® measuring cylinder with an uncertainty of £ 0.5 cm®

Calculate the percentage uncertainty in the measurement of the hydrochloric acid.
[1 mark]

(0.5 = 4S) x 100 = 1.1%

Percentage uncertainty .l %
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Figure 2 shows a graph of the student’s results. box
Figure 2
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E Draw a tangent on Figure 2 and use it to determine the initial rate of reaction.

State the units.
[3 marks]

tangent at t = 0 passes through (0 s, 0 ecm?) and (10 s, 30 cm?)
gradient = 30 + 10 = 3.0

Initial rate 3.0

Units com

0 4
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E The total volume of carbon dioxide gas collected is less than expected due to some
gas being lost.

Suggest what the student should do to reduce the volume of gas lost.
[1 mark]

Put the bung in more quickly, or add the acid through a thistle funnel

(or tip in the CaCO3 from a tube hanging inside the already sealed

flask) so no gas escapes before the flask is sealed.

El Give a different method to determine the initial rate of this reaction.
You should not discuss gas collection in your answer.
[1 mark]

Measure the loss of mass of the flask on a balance per unit time.

Do not write
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This question is about rates of reaction. box

|I| The initial rate of a reaction is measured in a series of experiments at
constant temperature.
A+B —-2C+D

The results are shown in Table 1.

Table 1
Experiment| Initial [A] / mol dm | Initial [B] / mol dm™ | '"uial rate [
moldm " s
1 0.20 0.15 1.2x107°
2 0.30 0.15 2.7x107
3 0.40 0.30 4.8x107
4 0.50 0.10 To be calculated

Use Table 1 to deduce the order of reaction with respect to A and the order of
reaction with respect to B.

Calculate the initial rate for Experiment 4.
[3 marks]

Exp | to 2: [A] x 1.5, [B] constant, rate x 2.25 = 1.5% so 2nd order in A
Exp | to 3: [A] x 2 accounts for rate x 4 (observed), so 0 order in B
k=12 x102% + 0.20° = 0.30; rate = 0.30 x 0.50> = 0.07S

Order with respectto A 2 (second order)

Order with respect to B 0 (zero order)

Initial rate for Experiment 4 0.075 (7.5 x 107) mol dm™s™
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In a different reaction

E(g) + 3F(9) — EF4(9)

The reaction is first order with respect to E and second order with respect to F.

@ Give the rate equation for the reaction.

State the units of the rate constant, k

[2 marks]
Rate=  K[EI[FT®
Units of the rate constant, k mol? dm® s7!
. The reaction takes place by a three-step mechanism.
Step 2 is the rate determining step.
Suggest one mechanism for the reaction.
[2 marks]
Step 1 F+F - F
Step 2 E + FZ - EF2
Step 3 EF, + F — EF,

Question 2 continues on the next page
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E The reaction is repeated at different temperatures and a value for the rate constant (k) box
is determined at each temperature.

1
A graph of In k against 7 is plotted.
A line of best fit for this graph has a gradient with the value of —2.50 x 10* K

Calculate the activation energy (Ez) in kJ mol ™, for this reaction.
Use th tionIn k= = +In A
se the equation In k= —— +1In

The gas constant, R = 8.31 J K" mol™

[2 marks]
gradient = —E, + R, so E, = —gradient x R
E, = 2.50 x 10° x 8.3] = 207 750 J mol!
E, = 207 750 = 1000 = 208 k3 mol’
E. +203 kdmor | ®

0 8
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Hydrazine (N,H,) decomposes in the presence of a catalyst
NoH,(9) = Nx(g) + 2 H,(9)

|I| Write an expression for the equilibrium constant (Kp) for the reaction.

Deduce the units of K, when all the partial pressures are given in kPa

[2 marks]
Ko _ P(Nz) XP(HZ)Z
p(N,H,)
Units kPa’
@ 3.0 mol of N,H, are placed in a container with the catalyst and heated to a
known temperature.
The equilibrium mixture contains 1.2 mol of H,
Calculate the amount, in mol, of N,H, and the amount, in mol, of N, in the
equilibrium mixture.
[2 marks]
N, formed = 1.2 + 2 = 0.6 mol (I N, : 2 H,)
NyH, reacted = 0.6 mol, so N H, left = 3.0 — 0.6 = 2.9 mol
Amount of N,H, 2.9 mol
Amount of N, 0.6 mol

Turn over »
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A different equilibrium mixture is formed by heating some hydrazine in the presence of
the catalyst to a different temperature.

N,H,(9) = Ny(g) + 2H,(9)

This equilibrium mixture has a total pressure of 150 kPa

E Table 2 shows the mole fractions and partial pressures for the components of the

gaseous mixture.

Complete Table 2.
[2 marks]
Table 2
N,H, N, H,
Mole fraction 0.10 0.30 0.60
Partial pressure / kPa 1S qs 90

E The pressure of the equilibrium mixture is increased.

State the effect of this increase on the position of equilibrium and on the value of K,
[2 marks]

Effect on position of equilibrium  Shifts to the left

Effecton K, 1o change
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This question is about carboxylic acids and their derivatives.

|I| Complete Table 3 to name the strongest type of intermolecular force that occurs
between the pairs of molecules.

Table 3

[2 marks]

Pairs of molecules

Strongest type of intermolecular force

Ethyl ethanoate and ethanoyl chloride

permanent dipole-dipole

Ethanamide and ethanoic acid

hydrogen bonding

@ Which carboxylic acid derivative is the most reactive with water?

Tick (v') one box.

(CH,CH,CO),0

CH,CH,COOH

CH,CH,COCl

v

Question 4 continues on the next page

[1 mark]
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A triglyceride is shown. box

@)

I
HaC — O — C — CHy(CHy)13CH3

@)

H
HC — O — C — CHy(CHy)13CHs

o)
I

HaC —O — C — CHy(CHy)13CHs

E The triglyceride reacts with methanol in alkaline conditions to form propane-1,2,3-triol
and one other product.

Give the formula of this product and state a use for this type of product.
[2 marks]

Product CH3(CH,) 3CH,COO0CH;

Use of product biodiesel (fuel)

E The triglyceride reacts with sodium hydroxide to form propane-1,2,3-triol and
one other product.

Give the formula of this product and state a use for this type of product.
[2 marks]

Product CH3(CH,) 13CH,C00 Na*

Use of product soap
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This question is about aldehydes and isomers. box
MO
Compound G

|I| Select the full IUPAC name of G from the list.

Tick (v') one box.
[1 mark]

Z-3-methylbut-2-enal

Z-2-methylbut-2-enal

E-2-methylbut-2-enal \/

E-3-methylbut-2-enal

El Draw the structure of an isomer of G that decolourises bromine water and is

¢ a functional group isomer of G but not an alcohol

e not a chain isomer of G.
[1 mark]

0
I
H C—CH;
C:C
H CH3

Turn over »
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. Explain why NaBH, can reduce the carbonyl group in G but can not reduce the

alkene group in G.
[2 marks]

The €=0 bond is polar, so the H™ ion (from BH,~) acts as a

nucleophile and attacks the 6+ carbon atom of the carbonyl group.

The C=C bond is non-polar and electron-rich, so it repels the negative

H™ ion.

Ethanal can be converted into CH,CH(OH)COOH (lactic acid) by a
two-stage process.

Stage 1 CH,CHO + HCN — CH,CH(OH)CN
2-hydroxypropanenitrile

Stage 2 CH,CH(OH)CN + HCl + 2H,0 — CH,CH(OH)COOH + NH,Cl

M CH,CH(OH)COOH = 90.0

E Suggest one essential piece of safety equipment, other than safety goggles or gloves,
that must be used in Stage 1.

[1 mark]

a fume cupboard (HCN is very toxic)

E Calculate the percentage atom economy for the formation of CH,CH(OH)COOQOH

in Stage 2.
[1 mark]

% atom economy = 90.0 + (71.0 + 36.5 + 36.0) x 100
=90.0 +143.5 x 100 = 62.7%

Percentage atom economy 62.7 %
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[0]5].06] Instage 1, 10.0 cm® of CH,CHO gives a 71.5% yield of CH,CH(OH)CN

In Stage 2, the mass of CH,CH(OH)COOH formed is 4.35 g
Density of CH,CHO = 0.780 g cm™

Calculate the percentage yield for the formation of CH,CH(OH)COOH in Stage 2.

mass of CH3;CHO = 10.0 x 0.780 = 7.80 g

moles of CH3CHO = 7.30 <~ 4.0 = 0.177 mol

moles of CH3CH(OH)CN = 0.177 x 0.71S = 0.127 mol
max moles of lactic acid = 0.127 mol (I : 1)

max mass of lactic acid = 0127 x 90.0 = 11.9 ¢

% yield = .35 + 1.4 x 100 = 38.2%

Percentage yield

382 %

[5 marks]

. Draw both enantiomers of 2-hydroxypropanenitrile and show their relationship to

each other.

CN
H///,I’ |

|
|
|
|
|
|
|
|
|
|
l HO
|

|

|
mirror

/C\CHB

[1 mark]
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This question is about amino acids.
|I| State what is meant by a zwitterion.

[1 mark]

An ion that has both a positive charge (NH3*) and a negative charge

(€007) on separate groups, but is neutral overall.

@ State one physical property of amino acids at room temperature.

[1 mark]
They are (crystalline) solids with high melting points.
E The amino acid lysine has the following structure.
H
|
H,N—C—COOH
|
(CHa)4
|
NH»>
Draw the structure of lysine in a solution at pH = 12
[1 mark]

H

H,N— ¢ — €00~
|

(CH,),

NH,

16
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E A dipeptide is shown.

CHOH H H O

| ol
H,N—C—C—N—C—C—OH

| |

H O CH,

Give the structures of the two products formed after boiling this dipeptide in an
excess of hydrochloric acid.
[2 marks]

CH,0H CH;3
| |

HN* ¢ — COOH HN* ¢ — COOH
| |
H H

E Draw the skeletal formula of the organic product formed when aspartic acid reacts with
an excess of methanol and a little concentrated sulfuric acid.

[1 mark]

?OOH
H,N—C—H

|

CH,COOH

Aspartic acid

0 NH3*

Do not write
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This question is about amines.
Ethane can be converted into ethylamine in two steps.

Reaction 1 Reaction 2

CH3CH3 E— CH3CHzBr I CH3CH2NH2

Give the reagent and one condition for Reaction 1.

State the type of intermediate involved in the mechanism for Reaction 1.
[3 marks]

Reagent Br> (bromine)

Condition  ultraviolet (UV) light

Intermediate free radical (CH3CH )

In Reaction 2, ethylamine is produced by the reaction of bromoethane with an excess
of concentrated ammonia solution.

CH,CH,Br + 2NH, — CH,CH,NH, + NH,Br
This occurs in two steps.

Step 1 .
CH3CHzBr + NH3 — CH3CH2NH3 + Br_

Step 2 .
CH3CH2NH3 + NH3 — CH3CH2NH2 + NH4+

State and explain the role of ammonia in Step 1 and the role of ammonia in Step 2 of
this reaction.
[4 marks]

Role of ammonia in Step 1 »ucleophile

Explanation Ammonia has a lone pair of electrons on N that it donates

(Celectron pair donor) to the 6+ carbon of the C-Br bond, substituting

the Br.

Role of ammonia in Step 2 base

Explanation Ammonia accepts a proton (H* ion) from CH3CHNH3" using

its lone pair, forming NH* and the free amine.

1 8
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. Under different conditions, ammonia can react with an excess of CH,CH,Br

Draw the structure of the final product.

CHyCH3
|+
H;CHzc-N_CHchg Br~

CH,CH3

Reaction 3 Reaction 4

CH3Br —— > Compound Q —— > CH3CH,NH,

Identify compound Q.

Give the reagent and a necessary condition for Reaction 4.

Compound Q ethanenitrile, CH3CN

E Ethylamine can also be formed from bromomethane in a different two-step process.

[1 mark]

[2 marks]

Reagent and condition for Reaction 4 > with a nickel catalyst

Question 07.2.

n E State why the ethylamine made in Question 07.4 is purer than the ethylamine made in

In 07.4 only the primary amine can form, but in 07.2 the ethylamine

[1 mark]

can react further with bromoethane (further substitution) to give

secondary and tertiary amines and gquaternary salts.

Do not write
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Phenol can react with ethanoyl chloride to make phenyl ethanoate. box
0]
I
C
RN
OH 0] CHs
@ @
Phenol Phenyl ethanoate

II| Name and complete the mechanism for this reaction.
[4 marks]

Mechanism name  (nucleophilic) addition-elimination

Mechanism

C )
H,C 7l |
HyC— C L3
. |+
H—0
HO: S

——— CH3C00CHs + HC)

@ Give one reason why ethanoic anhydride is used instead of ethanoyl chloride in
industry for this reaction.
[1 mark]

It does not produce corrosive, toxic HCl fumes.

2 0
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E Phenol and ethanoyl chloride, in the presence of an AlCl, catalyst, react to form a
mixture of three isomers.
The reaction involves an initial step when AICl, reacts with ethanoyl chloride to form a
reactive species.
This reactive species then reacts with the benzene ring in phenol.

Write an equation for the formation of the reactive species.
Name and outline the mechanism for the reaction of the reactive species with the
benzene ring in phenol to form one of the isomers.

[5 marks]

Equation

CH3COCl + AlCl; - CH3CTO + AlCl,

Name of mechanism electrophilic substitution

Mechanism

OH OH

+ CH3CO e

H COCH;

OH

COCH;
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Compound S can be analysed using spectroscopy.

Compound S
o]
I

HSC\CH cH @CH/C—OH
2

e AN

HaC * CHj,

|I| Write an asterisk (*) on the structure above to identify any chiral carbon atom(s) in S.
[1 mark]

@ One functional group in S reacts with NaHCO, to form carbon dioxide.

Give the two wavenumber ranges of the absorbances in the infrared spectrum of S
that confirm the presence of this functional group.
Use Table A on the Chemistry Data Sheet.

[1 mark]
C=0: 1680 to 1750 cm™
0-# (carboxylic acid): 2500 to 3000 cm™’
El How many peaks appear in the C NMR spectrum of S?
Tick (v') one box to select the correct answer.
[1 mark]

7 10 |/ 13

2 2

stemup.co.uk IB/G/Jun25/CH04

Do not write
outside the
box


https://stemup.co.uk

23

Do not write
outside the
E Identify the compound that is used as the standard when recording a box

'H NMR spectrum.
The chemical shift of the standard used in 'H NMR spectroscopy is zero by definition.

State one other reason why this standard is used in 'H NMR.
[2 marks]

Standard tetramethylsilane (TMS), Si(CH3),

Reason Al 12 H atoms are equivalent so it gives one strong single peak,

away from other peaks; it is also inert and volatile.

Question 9 continues on the next page
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El The structure of Compound S is repeated below.

Compound S
O
I

HSC\CH CH —< >— CH/C_OH
T 2

/ AN

HaC CHs

Table 4 shows data for four of the peaks in the 'H NMR spectrum of Compound S.
None of these peaks are caused by the hydrogen atoms on the benzene ring.

Complete Table 4 to show the splitting pattern, integration value and section of the
molecule producing the peak.

Underline the relevant hydrogen(s) in the section of the molecule.

[4 marks]
Table 4
Splitting Integration | Section of the molecule producing the
pattern value peak
HsC
doublet 6 N CH—
/
HsC
O
I
C—OH
doublet 3 J
CH
CHy
N
doublet 2 _CH—CH,—
O
I
C—OH
guartet !
—CH
CH,
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