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Answer all questions in the spaces provided.

This question is about the formation and properties of amines.

1-Bromo-2,2-dimethylpropane reacts with ammonia to form a mixture of products.

Two of these products are the primary amine, A, and a secondary amine, B.

T T
CH3—C—CH,Br — CH3—C—CHy;NH, + secondary amine

CHs CHs
A B

Iil Which of these conditions would form the maximum amount of A in the reaction?

Tick (v') one box.

[1 mark]
Use ammonia in excess \/
Use a catalyst
Use ethanol as the solvent
@ Amine A can also be formed by the reduction of a nitrile.
Deduce the structure of this nitrile.
[1 mark]
CH3
CH; c C=—=N (CH3)3CCN, 2,2-dimethylpropanenitrile
CH3
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El Explain why amine A is a stronger base than ammonia.

The alkyl group in A is electron-releasing (positive inductive effect), so it

[3 marks]

pushes electron density towards the nitrogen atom.

This increases the availability (electron density) of the lone pair of

electrons on the N atom.

So A donates its lone pair more readily: A is more likely to accept

(react with) an H* ion than ammonia is.

Izl Deduce the molecular formula of the secondary amine B.

Molecular formula

El Amine A has several isomers.

One isomer is a secondary amine with three peaks in its '*C NMR spectrum.
Another isomer is a tertiary amine that also has three peaks in its '3*C NMR spectrum.

Deduce the structure of each isomer.

Secondary amine

CH3
CHs l N CH;
b
(CH3);CNHCH;

[1 mark]

Ciot 23N

[2 marks]

Tertiary amine

(CH3),CHN(CH3),

0 3
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This question is about amino acids. box

The amino acid alanine can be synthesised from ethanal in a four-step sequence.
The first two steps are shown.

H H
Step 1 | Step 2 |
CH3CHO —— CH3;—C—OH —— > CH3—C—Br
thanal | |
ethana CN CN

II| Name and complete the mechanism for Step 1.

[4 marks]
Name of mechanism Whucleophilic addition
Mechanism
H H
i | |
CH C/ cH c .0.' CH C OH
37> — 3— C— > 3
S [ |
_ CN H* CN
:CN

0 4
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El The amino acids threonine and alanine are shown. box
OH NH, NH-
| |
H—C—C—H H—C—CHs
| |
CH5; COOH COOH
threonine alanine

Threonine forms two dipeptides when it reacts with alanine.

Draw the structure of each dipeptide.

[2 marks]
Dipeptide 1
OH H H H
o |
T T T
CH; COOH 0 CH3
Dipeptide 2
T 1]
H T T ﬁ N T COOH
CH3 H 0 CHs

El Alanine can be separated from a mixture with threonine by thin-layer chromatography.
Different experiments give different R; values for alanine.

Suggest one reason for the different values for alanine.
[1 mark]

Different solvents (mobile phases) or different stationary phases (TLC

plates) were used in the experiments.
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E Aspartame is the methyl ester of a dipeptide and is used as a sweetener.
The structure of aspartame is shown.

H

|
@ CH,— CH——N— C— CH — CH, — COOH
| I

COOCH; O NH,

When aspartame is heated in acidic conditions, the peptide bond and the ester group

are both hydrolysed.

Draw the structure of each of the two protonated amino acids formed.

Protonated amino acid 1

Protonated amino acid 2

HOOC CH CH, COOH

NH "

[2 marks]
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This question is about compounds that contain a ring of six carbon atoms.

II| The equations for the hydrogenation of cyclohexene and of benzene are shown.

+ H — O AH® = =120 kJ mol-1
+ 3H, —> O AH® = —208 kJ mol-1

Use this information to calculate the extra stability of benzene compared to
cyclohexa-1,3,5-triene.

Give a reason for the extra stability of benzene.
[2 marks]

expected AH for the triene (3 €=C) = 3 x (-120) = —360 kI mol™
actual AH for benzene = =208 kI mol™
extra stability = —208 — (-360) = 152 kJ mol™

Extra stability 152 kJ mol-1

Reason for extra stability The p electrons are delocalised in a ring of T

electron density above and below the plane of the ring, which lowers

the energy.

Question 3 continues on the next page
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Methylbenzene can be converted into other aromatic compounds as shown in this
reaction scheme.

CHs

Reaction 2
_

Reaction 1 @
@ NH,
CH,Cl
Reaction 3 cl cl

Reactlon 4

@ Reaction 1 involves attack by the electrophile *NO> on methylbenzene.
Write an equation to show the formation of *NO

Complete the mechanism of the reaction between methylbenzene and *NO,

[4 marks]

Equation to form *NO;

H,S0, + HNO; — N02+ + HSO, + H,0

Mechanism

CH3 CH; CH3

NO,

H
NO, NO,
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[0[3][3]

[0[3][4]

0]3][5]

The name of X is 1-methyl-4-nitrobenzene.

Deduce the name of Y.
[1 mark]

I-chloro-2-methylbenzene

Reaction 2 involves reduction.
Identify the substances used to form the reducing agent in this reaction.

Complete the equation for Reaction 2, using [H] to represent the reducing agent.
[2 marks]

Substances used to form reducing agent tin and concentrated hydrochloric

acid (Sn + HCI)

Equation
CH; CH;
L 6lH] . —— o0
NO, NH,

Write an equation to show the formation of the attacking species in Reaction 4.

State the condition needed for this reaction.
[2 marks]

Equation

Cly » 2¢CHk

Condition

ultraviolet (VV) light
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This question is about carbonyl compounds and their reactions.

The aldehyde (CH3);CHCHO can be reduced to a primary alcohol.
Identify a reagent for this reduction.

Give the skeletal formula of the primary alcohol formed.
[2 marks]

Reagent NaBH, (sodium tetrahydridoborate)

Skeletal formula of primary alcohol
>/\0H

The ketone CH3CH2COCHS3; can be reduced to a secondary alcohol, using the same
reagent as in Question 04.1.

Draw the displayed formula of the secondary alcohol formed.
[1 mark]

X
r—O—X
r—O—X
r—O—

X

r— QO —Q—X

Explain why each of the alcohols formed in Question 04.1 and in Question 04.2
does not show any optical activity.
[2 marks]

Alcohol formed in 04.1 !t has no chiral centre: no carbon atom is bonded to

four different groups, so it has no enantiomers.

Alcohol formed in 04.2 !t is chiral, but the planar C=0 is attacked equally

from either side, giving an equimolar (racemic) mixture of the two

enantiomers.
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E Describe how a polarimeter can be used to distinguish between separate samples of box

two enantiomers.
[2 marks]

Pass plane-polarised light through each sample (same concentration) in

the polarimeter.

The plane of polarisation s rotated in opposite directions: one is

dextrorotatory (clockwise), the other laevorotatory.

El Two organic compounds are shown.

HO — (CH,)s — OH HOOC — (CH,), — COOH

These compounds react together to form a condensation polymer.

Draw the repeating unit of this polymer.
[1 mark]

—0—(CHy)s—0—C—(CH,)y— C—

0 0

Question 4 continues on the next page
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@ The general formula of carbonyl compounds is CnH2,0 box
Combustion analysis is used to find the empirical formula of a carbonyl compound, W.
A sample containing 9.50 x 10~* mol of W is completely combusted
in an excess of oxygen.
After removing the water vapour, the gas mixture has a volume of 223 cm?
After removing the carbon dioxide, the remaining oxygen has a volume of 86 cm?
All gas volumes are measured at a pressure of 103 kPa and a temperature of 298 K
Use these data to deduce the empirical formula of W.
The gas constant, R = 8.31 J K" mol™"
[5 marks]

v(€0,) = 223 — 86 =137 cm® = 137 x 107 m?

p = 103 x 10> Pa, T =298K

(co,) V /RT 103 x 10° x 137 x 107 570 x 1073 /
n = = = 3. X mo
TP 2.31 x 293
570 x 1073
n(€0,) | n(W) = ———— =60
9.50 x 107%
so each molecule of W contains 6 carbon atoms: n = 6 in C,H,,0
W is Céleo
Empirical formula €672

12
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This question is about compounds containing the carbonyl group.

II| Propyl ethanoate can be prepared by reacting ethanoic acid with propan-1-ol.

Complete the equation for this reaction.

[1 mark]
CH;COOH + CH3CH2CH,OH — CH;CO0CH,CH,CH3 + H,0
@ Ethyl butanoate can be prepared by reacting ethanol with butanoyl chloride.
Name and complete the mechanism of this reaction.
[4 marks]

Name of mechanism (nucleophilic) addition-elimination

Mechanism
4 ‘0
CHCH,CH, S C —— Qe
Cl CH;CHchZ c
5
/N ¥ cl
CH3CH» H 0
/
CH3CH, H

Question 5 continues on the next page
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@ There are several structural isomers with the molecular formula C4HsO>
The structures of three of these isomers are shown.
T CH3—C—O—CHy—CHs
g
U CH3—O—CH,—C—CHj;

I
O

V. CH;—CH,—C—0—CHs
I
o)

The "H NMR spectrum of one of these isomers is shown.

120 110 100 90 80 70 60 50 40 30 20 10 00
o/ ppm

The splitting patterns in the spectrum suggest that the spectrum could be that of
either Tor V.

Explain, with reference to Table B in the Chemistry Data Sheet, how the spectrum
confirms that it is the spectrum of T and not the spectrum of V.
[2 marks]

T: the CH3 next to C=0 (CH3CO) gives the singlet at 6 = 2.1 (Table B:

2.0 to 2.6) and the 0-CH, gives the quartet at 6 = 4.] (Table B: 3.7

to 4.1), as in the spectrum.

V: the singlet (0-CHs) would be at & = 3.7 to 4.1 and the quartet

(CH, next to €=0) at & = 2.l to 2.6, which does not match.

1 4
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[0]5].[4]

[0]5].[6]

Predict the splitting pattern and the integration ratio in the '"H NMR spectrum of U.
[2 marks]

Splitting pattern _three singlets

Integration ratio 3+ 2 : 3

One of the esters in sunflower oil has the structure shown.
0]
|
CH,—0O0—C—(CHy)y — CH=CH— CH,— CH=CH— (CHj)4— CHj3

@)

I
CH—0—C— (CHp)7 — CH=CH— CHy— CH= CH— (CH,);— CH3

O

H
CHy — O —C — (CHy); — CH= CH— (CHy); — CH3

This ester can be reacted with methanol to form two methyl esters used in biodiesel.

Give the structure of each of these methyl esters.
[2 marks]

CH3(CH,) (CH=CHCH,CH=CH(CH,),C00CH;

CH3(CH,),CH=CH(CH,),CO0CH;

Aspirin can be made by reacting 2-hydroxybenzoic acid either with ethanoyl! chloride
or with ethanoic anhydride.

Give two advantages of using ethanoic anhydride rather than ethanoyl chloride.
[2 marks]

1 Ethanoic anhydride is cheaper than ethanoyl chloride.

2 Ethanoic anhydride is less corrosive (reacts less violently and gives no

HCl fumes).

Do not write
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This question is about rate equations.

|I| The initial rate of reaction between compounds P and Q is measured in a series of
experiments at constant temperature. The rate equation deduced is

rate = k[P][Q]?

Table 1 shows some rate data.

Table 1
coperimen | e FL [ ] R
1 2.40 x 102 3.30 x 102 210 x 1073
2 2.40 x 1072 1.65 x 1072 525 x 107
3 7.20 x 1072 1.10 x 1072 7.00 x 104
4 1.20 x 1072 6.60 x 1072 4.20 x 1073

Complete Table 1.

[3 marks]
Space for working

Exp 2: [Q] halved, so rate + 22 = 2.10 x 1073 = 4 = §.25 x 107°
Exp 3: [®] + 3 so rate = 9, but rate is only = 3, so [P] x 3 = 7.20 x 1072

Exp 4: [P] = 2 but rate x 2, so [Q]? x 4 and [Q] x 2 = 6.60 x 1072

IZ| Use the data from Experiment 1 to calculate a value for the rate constant, k.
State the units of k.

[3 marks]

2.0 x 1073
k = rate / [P1[Q]* = = %0.3
116] 2.40 x 1072 x (3.30 x 1072)?

Value of k 80.3

Units mol™? dm® s

16
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outsiie e
El Sketch a graph to show how k changes as [P] is increased. box
[1 mark]
k
[P]
E The rate equation for a different reaction is
rate = K[R]
Explain why doubling the temperature has a greater effect on the rate of reaction than
doubling the concentration of R.
[2 marks]
Doubling the temperature greatly increases the number (proportion) of
particles with energy E 2 E,, so many more collisions are successful and
the rate increases by much more than double.
Doubling the concentration of R has only a small effect on the number
of particles with E = E, (the fraction is unchanged), so the rate only
doubles. 9
Turn over for the next question
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0[7]

II| Table 2 shows the value of the rate constant at different temperatures for the reaction

The Arrhenius equation can be written as

InNk= —= +InA

RT

2N20s(g) — 4NO2(g) + O2(g)

Table 2
Rate constant k Temperature 1
/s In k 1K 7K
1.74 x 10-° -10.96 298 3.36 x 103
6.64 x 10°° -9.62 308 3.25 x 103
2.51 x 10 -8.29 318 3.14 x 103
7.59 x 10~ -7.18 32% 3.05x 103
Complete Table 2.

[2 marks]

18
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@ Plot a graph of In k againstlT

[2 marks]
/ K-1

3.00 3.10 3.20 3.30 3.40
x 1073 x 1073 x 1073 x 1073 x 1073

==

-5.00

-6.00

—-7.00

-8.00 S

In k
-9.00

-10.00

-11.00 RS

™\
1l
N
ol
7

-12.00

E Use your graph to calculate a value for the activation energy (E,), in kd mol™, for
this reaction.

The gas constant, R = 8.31 JK-" mol-'

Show your working.

[3 marks]
-11.48 — (-6.55)
radient = =-12 300 K (12 32§,
9 (3.90 - 3.00) x 10 ¢ /
gradient = —E, [ R, so E, = 12 32§ x 8.3 = 102 421 J mol™
E, =102 2] + 1000 = 102 kI mol™
E. 102 kJ mol-1
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This question is about partial pressures. box

The equation for the reaction between hydrogen and oxygen is

2Hy(g) + O2(g) = 2H20(g)

III Hydrogen and oxygen are mixed in a 2:1 mole ratio and allowed to reach equilibrium
in a flask.

At equilibrium, the total pressure of the mixture in the flask is 180 kPa
The mole fraction of HO(g) in the equilibrium mixture is 0.97

Calculate the partial pressure of H>O(g) in the equilibrium mixture.

Use your answer to calculate the partial pressure of O»(g) and of Hx(g) in the
equilibrium mixture.

[3 marks]
p(HZO) =0.97 x 180 = 179.6 kPa
mole fraction of Hy + 0, =1 — 0.97 = 0.03, in a 2 : | ratio
x(0,) = 0.010, so p(02) = 0.010 x 180 = 1.80 kPa
x(H,) = 0.020, so p(HZ) = 0.020 x 180 = 3.60 kPa
Partial pressure of H,O(g) 174.6 kPa
Partial pressure of Ox(g) 1.80 kPa
Partial pressure of Ha(g) 3.60 kPa
El Write an expression for K, for this equilibrium.
[1 mark]

_ P(Hzo)z
i p(H2)? x p(0,)

2 0
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. In another experiment under different conditions, a different equilibrium mixture of
the three gases was obtained.

Table 3 shows the partial pressure of each gas in this equilibrium mixture.

Table 3
Gas Partial pressure / kPa
Ha 1.02 x 108
02 0.78 x 103
H>O 3.56 x 103

Calculate a value for the equilibrium constant (K;) and give its units.
[3 marks]

(3.56 x 10%)? ,
K, = = ; = 1.56 x 10”
(1.02 x 10%)? x (0.78 x 10%)

units: kPa® | (kPa® x kPa) = kPa™

Value of K, .56 x 107

Units kPa™

E The enthalpy of formation of H20(g) is =242 kJ mol™*
The temperature of the equilibrium mixture in Question 08.3 is increased.
What is the effect of this change on the value of K; for this reaction?

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

Increase No change Decrease \/

E The experiment in Question 08.3 was repeated at the same temperature but in a flask
of smaller volume.

Deduce the effect, if any, of this change on the yield of H.O(g) and on the value of K,
[2 marks]

Effect on yield of H,0(g) ncreases (fewer moles of gas on the right)

Effect on value of K, no effect (K, only changes with temperature)
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DO NOT WRITE/ON THIS PAGE
ANSWER IN THE/SPACES PROVIDED

2 2

stemup.co.uk

IB/M/Jan21/CH04

Do not write
outside the
box


https://stemup.co.uk

23

Do not write

outside the
Question Additional page, if required. box
number Write the question numbers in the left-hand margin.

2 3

stemup.co.uk IB/M/Jan21/CHO4


https://stemup.co.uk

24

Question
number

Additional page, if required.

Write the question numbers in the left-hand margin.
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