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Section A

Answer all questions in this section.

The structures of three organic compounds A, B and C are shown.

0 0]
Compound A Compound B Compound C

These compounds can be distinguished by simple test-tube reactions.

For each pair of compounds in questions 01.1 and 01.2, give a reagent

(or combination of reagents) that could be added separately to each compound to

distinguish between them.

State what is observed in each case.

E] Compounds A and B

Reagent Nabttc0- ’ Na, (0O, or  onmyersed W(Q}UT

[3 marks]

Observation with A np \f,g,l,[e cj»ov%g ! fts—thnm
ar  nescheal /PH7

l L]
Observation with B C.-f-ﬁ‘u\f CScence

or OTO—«-%Q!f‘Q.d'/IDH'( 1 (ouzx'dic

- Compounds A and C

Reagent Tal ,'QHS ' or {:e N fy\(\l"S

[3 marks]

Observation with A no visihle CIJ\QJ'\%Q !feu’lﬁé\r\

or _Ne uisible chavge (s%ud&’ blue

Observation with C S!‘ lver rtac

[

or (<9 )%‘,Sd(g'o(
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Do not wrii

outside th
n Bromoethane reacts with potassium cyanide to form compound D. Box
CHsCHzBr + KCN — CH,CH.,CN + KBr
Compound D
[II Outline the mechanism for this reaction.
[2 marks]
H H
| ( -
Cl = E~ Br - Cy,-C—-CN + :B
<M o
H' fy CN = 'H'
0D Pﬂ)m I
Ntz lone pour on CN
M= orpun Bome Cc-8¢
lzl Give the IJUPAC name of D.
[1 mark]
Preopane mtrile
T |
E Calculate the percentage atom economy for the formation of D in this reaction.
Give your answer to the appropriate number of significant figures.
[2 marks]
% M = Tlel Me desied ["'DM x 100
Total N, ceachonds
= =49
e x (00
1089+ 651
Ve .
% atom economy 3l-6 5
(3s..)
Turn over b
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n This question is about enthalpy changes.

m A student determined the enthalpy of combustion of cyclohexane (CeH1z).

The student

° placed a pure sample of cyclohexane in a spirit burner

e placed the spirit burner under a beaker containing 50.0 g of water and ignited
the cyclohexane

e extinguished the flame after a few minutes.

The results for the experiment are shown in Table 1.

Table 1

Initial temperature of the water / °C 19.1

Initial mass of spirit burner and cyclohexane /g | 192.730

Final mass of spirit burner and cyclohexane /g | 192.100

The student determined from this experiment that the enthalpy of combustion of
cyclohexane is —1216 kJ mol™

Use the data to calculate the final temperature of the water in this experiment.

The specific heat capacity of water = 4.18 J K- g
The relative molecular mass (M) of cyclohexane = 84.0

[4 marks]

Al = ¢ Mogs CsC(dl'\ﬂl&ne 2 8. 18 1901 = 0-639

n N cyelohedone = 0‘63/31(_ = 7S xo-3

(216 = A
7-Sxi10"°
% -3

g = (RIS k107 = 7:Sx 10 = g0 I

MmCAT

C‘V:

o0 = So =~ 418 = AT

6T = hao = (3.6
209
AT = Pﬁ\.‘h{ T o }V\\hm_l T

Fral T = 43-6 +19.1 = €3.7 ‘¢

adow 63°C
M
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Final temperature of the water 6 1 "
(637C)

@ A data book value for the enthalpy of combustion of cyclohexane is —3920 kJ mol™

The student concluded that the temperature rise recorded in the experiment
was smaller than it should have been.

Suggest a practical reason for this.

[1 mark]
h@a.{‘ (OSQ (1(1) &‘(L{ﬂ)uﬂd.l ,)
or rmcom‘olfk combushon
oY -Q\fQPU{a hd"‘\
Question 3 continues on the next page
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- Table 2 gives some values of standard enthalpies of combustion (A.H°).

Table 2
Substance C(s) H(g) CeHi2(1)
Standard enthalpy of i
combustion, A.H° / kJ mol™ TRes 7eRE =e0

Use the data in Table 2 to calculate the enthalpy change for the reaction
represented by this equation

6C(s) + 6Ha(g) — CsHia(l)

[3 marks]
AWT = SAH.(R) - SAHY (P)
o= ((6;(—3‘?4)+(6;< —386)) - (—- 301.110)
= (- o) - (- 3990)

Enthalpy change iy {60 kJ mol™

Do not wri
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outside th
This question is about fossil fuels, i
- The petrol fraction from crude oil contains octane (CgH ).

Give an equation for the complete combustion of octane.

[1 mark]
Cebflg ¥ 12502 > %o, + TH,0
@ The combustion of petrol in car engines produces the pollutant
nitrogen monoxide.
Give an equation for a reaction that removes nitrogen monoxide in
a catalytic converter.
[1 mark]

dNO + JcCo > Ny + dco,

of ASNO + Cglt o > \a-S'N, 1,0 +%ea,

Question 4 continues on the next page

it |

NI Tum over »
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outside th
- Sulfur dioxide is produced in the combustion of fossil fuels. The total emissions i
of sulfur dioxide in the UK have fallen dramatically since 1970.
Sulfur dioxide is now removed from the flue gases in power stations by reaction
with calcium oxide.
Ca0 + S0, —» CaS0,
In 1970, the total UK emissions of sulfur dioxide were 6.49 million tonnes
(1 tonne = 1000 kg).
Calculate the mass, in kilograms, of calcium oxide needed to react with this
mass of sulfur dioxide.
Give your answer in standard form.
[2 marks]
- N So = B 0 @ 6 i
2 0 2 40 000 x (0 = lLola xyo "
e e |
n
nNCaQO = [.01a x 10
- " 4
w2 NN M. Cal = LB16 s« 18 w S6. = S“.éé’xto'j
N k s fl - 3 C'
Mn 3 — §-68—><:O x_ [0 :S-é%xf(’)kj HD_
& 9
Mass of calcium oxide . 6 3 > [0 kg
Sl B TR ]
L

W
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Methanol (CH,0H) is an important alcohol with many uses.

El Draw a diagram to show how two methanol molecules interact with each other
through hydrogen bonding in the Tiquid phase. ik

—

Include all partial charges and all lone pairs of electrons in your diagram.

' [3 marks]
=
—_,9 ‘a - /
CHE %p\ CHB -—-.P-‘
S H or |
S 14t
H,—0O-
s X \OS" CcH
8+H '|' 3
B = ol leadl anve O +Huo love PUurS ond ok (wout one
O S+ B and §-0
[

delledl [ine - lome poic o H

nﬂ The bond angle around the ox
== ang

ygen atom in methanol is slightly smaller than the
regular tetrahedral angle of 109.5°

Explain why this bond angle is smaller than 109 5°
[1 mark]

(e pales ediggder reg.;!g;on T

bowp% (za_(xs
D o B S O SN S
e e e R b )

L
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Methanol is made by the reaction of carbon monoxide with hydrogen.

eno
CO +2H, = HSO& AH =-91 kJ mol™'

The reaction uses a copper-based catalyst, a pressure of 10 MPa and a
temperature of 550 K

These conditions are used to provide a balance between equilibrium yield,
reaction rate and cost.
‘—-———___._

Describe how the use of a catalyst, and changes in pressure and temperature,
each affect equilibrium yield, reaction rate and cost.
G [6 marks]

| l LEVELS

L

IB/GlJun19/7404/2

Do not wri
outside tf;
box



11

Do not wn
outside th
box

L

L

IB/G/un19/7404/2




12

—

Propene reacts with concentrated sulfuric acid to form two isomers, E and F.

The structure of E is shown.

CH3—(’:H_CH3
7
0=8=0

|
OH

II] Name and outline the mechanism for the formation of E in this reaction.

Name of mechanism - (Q/CFW Pl\-\ lff— Qd\CLl'h on

Mechanism

[5 marks]

¥ ; 3 1 |
L el e =

~ | "
I Ty : :
M My - O S0, H

C

i
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= ]
oulside
- Draw the structure of F.

box
[1 mark]

CH‘SWCHJ_ICH:L oy CHB—CH-J—_ CH‘Q

I
OSOS H

O=320

OH

E Explain why more of isomer E than isomer F is formed in this reaction.
[2 marks]

« E s frmed vid_wore  slable  cosloncahan [MI
3 )° CQJ[n(oJ’\mc ore  maove clable han |° e

Turn over for the next question

Turn over b

i

IB/G/Jun19/7404/2



14

n Propanedioic acid contains two carboxylic acid groups. It is a solid organic acid that is
soluble in water.

m Draw the skeletal formula of propanedioic acid.

[1 mark]
H O OH
0 | i Im Describe how to prepare 250 cm® of an aqueous standard solution of
propanedioic acid containing an accurately measured mass of the acid.
Include essential practical details in your answer.
[6 marks]

> lue.:'gk ok arid in we)nga boat
o Tronsfac b beaker
( Rnwdﬁﬂr\ boof od cateshal mass bbl
dimuw\
Add dfs\%\ltd woler v aed oud win b divolve
. Trewrfor b den® dhuwetne flack with warki
» Add duichlled woler op h heo werk

s+ Srako lmxfu"‘ b mix +b\0ﬂ)UFﬂl\h-1
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0 | 7 |m Calculate the mass, in mg, of propanedioic acid (M; = 104.0) needed to prepare
250 cm’® of a 0.00500 mol dm™ solution.

[2 marks]

!

\ -
Nzcv n oud 0'00S < ISDR (0 - - l'QerO”3m|

maaMr oW oond = l'égxco’gx b = O'lgj

: 3
demw‘j ~  ilR s 1D

130

Mass of propanedioic acid

mg

Turn over b

R
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Propanal can be prepared by the oxidation of propan-1-ol with
acidified potassium dichromate(VI).

An ionic equation for this reaction is

0 | 8 ' Calculate the minimum volume, in cm®, of

0.40 mol dm™ potassium dichromate(VI) solution needed to oxidise
3
6.0 cm” of propan-1-ol to propanal.

M; of propan-1-ol = 60.0
Density of propan-1-ol = 0.80 g cm™

o
)

=
V!
Z|% <3

mopapenel = 0.8 6 = ¥

n popval = k-8 L 508 wel

i 6o

s
n Crao-, = 008 . 0:02Twa)

3CH;CH,CH,OH + Cr,0,* + 8H" > 3CH;CH,CHO + 2Cr* + 7H,0

[3 marks]

S
a-
C:_\l’l{ \ C-r&o? = 0037 _ 0.067 dWB
0 4O 3
< 0
Minimum volume 6 7

cm
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[0]8].[2] The reaction is done in a pear-shaped flask. i

Complete the diagram to show the assembled apparatus needed to prepare
propanal from propan-1-ol in this way.

Label the diagram.

Disk llahon

[3 marks]

» Hher mow efer

condenser

walﬁ-r out wati_; ‘ | | WU-:X

——-Péo.o.x‘; Shape \1 { {\
g \/Cnm‘ ca) (lack

)

Turn over for the next question

Turn over b

IB/G/Jun19/7404/2

I



18

There are no questions printed on this page
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The compound 1,2-dichlorotetrafluoroethane is a CFC that was previously used in
refrigerators as a coolant.
!
[t
== =0l
]
= e
|I| Molecules of 1,2-dichlorotetrafluoroethane can break down in the upper atmosphere
to form chlorine radicals.
Give an equation to show the breakdown of one molecule of
1,2-dichlorotetrafluoroethane to form one chlorine radical and one other species.
[1 mark]
Cere, eoid, & sl s EFctil.
@ Give two equations to show how chlorine radicals catalyse the decomposition of
ozone.
[2 marks]
Og T (s == 10 ’\-OQ_
Ll & Ty ~> = + =104
Question 9 continues on the next page
Turn over b

A
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- Butane can be used as a replacement for CFCs in refrigerators.

During its use, the butane is repeatedly converted from liquid to gas and then
back to liquid. Liquid butane expands as it turns into a gas.

e Calculate the volume, in cm?®, of 38.8 g of butane gas at 272 K and 101 kPa
(the gas constant R=8.31 J K" mol™)
(M. of butane = 58.0)

¢ Calculate the volume, in cm?®, of 38.8 g of liquid butane.
(density of liquid butane = 0.60 g cm™)

o Use your answers to calculate the factor by which butane expands in volume
when it changes from a liquid to a gas.

Show your working.
[6 marks]

P\!: (\RT— o

n= M A buwhone = ?_j%__'_g - 0669 wel
M S%
Y= nBT 5z 1ol x10° fa

P
\ bukane = O;E‘Sq 5 Bl wdTH 0.0 1473

(01000 6
x |0

Volume of butane gas (5000 cm?®

atlovs (4971

IB/G/Jun19/7404/2
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d = Ll
\'
\f bu.k&vl\f - 28.% al 6'+'7Cm3
0.6
Volume of liquid butane 6 -] cm?®
| Soo00
bu-7
Expansion factor cQ 3 e T

aklow Q30-232

Turn over b

i
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Answer all questions in this section.

@ one answer per question is allowed. \

For each answer completely fill in the circle alongside the appropriate answer.

CORRECT METHOD E] WRONGMETHODS | ® | ® = | &b |

If you want to change your answer you must cross out your original answer as shown. E

If you wish to return to an answer previously crossed out, ring the answer you now wish to select

as shown. @

You may do your working in the blank space around each question but this will not be marked.
th use additional sheets for this working. J

n A ‘drink-driving’ offence is committed if the blood alcohol level of a driver is over
80 mg of ethanol per 100 cm? of blood.
What is the concentration, in mol dm™, of ethanol if there are 80 mg of ethanol
(M, = 46.0) per 100 cm?® of blood?

[1 mark]

A 0.00017 [=]
ol Boae 0¥ 1724 e
B 0.0017 M e s e ieloel [=]
C 0.017
C= -3
e LA o B A
D 17 V(d”) =5 [=]

(DOx!O'

i

1B/G/Jun19/7404/2
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n Which statement is correct for the distribution curve of molecular energies in a gas? hox
) [1 mark]
A The curve is symmetrical about the maximum. 1[ E
£
E’*P B There are always some molecules with zero energy. F E|

The position of the maximum of the curve is not dependent on the E'
T temperature.

The mean energy of the molecules is greater than the most E
probable energy of the molecules.

[1]2] When one mole of ammonia is heated to a given temperature, 50% of it dissociates
and the following equilibrium is established.

NHs(g) = INa(9) +2Hx(g)

What is the total amount, in moles, of gas in this equilibrium mixture?

[1 mark]
N, & LN, + 32U
: 3 it ! 2
A5 Iadlly i o [=]
B 2.0 -0.§ +0.S¢]l + 0.Sx3
ONI«-%Q %D. —9_:_ E
G2 e 65 @ @48 0578 =€ =]
D 3.0 (=]
II@ Which compound is not an isomer of the following compound?
o)
¢, HgO
[1 mark]
A CH,CH,COCH; Cy Hg O [=]
B CH;CH=CHCH,OH C’,Lf H%O [=]
C (CH3),CHCHO C({LHgO [=]
D CH~CHCH,CHO HLO [=]
L{..
Turn over b
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How many isomers are there of CsHgN? Eye
[1 mark]

" cu‘_%curl(’,ubNH:,L
B3 Q\&SQ\—L;}N\-\-(CGE)
C 4

(c\-&g’)gNH

D5

o] [o] [o] [o]

CH C(NHL) CHy

EE Which equation represents a propagation step?

[1 mark]

A +CH,Cl + Cls — CH,Cl, krmr\cx'non
B 'CHS + 'CH3 o Csz ‘U M: f\&\\f)ﬂ

C Cl,—~ Cl-+Cl- t\r\\"’h"cd\eﬂ

o o] [o] [o]

D CHCL+ Cls — “CH,Cl+ HCL P ?mao\'héﬂ

E Which compound can react with ammonia to produce propylamine?

Nucleoplilic sobehtuNon

[1 mark]
A CH3CH=CH, [=]
B CH,CH,CH,OH (=]
C CH(CH.CH:Br + 2nW, Yo, CH ANE, A+ NW B 5

D CH;CH,CHs [=]

i

IB/GIun19/7404/2
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Which statement is not correct about CH,=C(CH;)CH,Br?

A Itdisplays E-Z isomerism. | (2 8s on C :C)
B It forms an addition polymer.
C It reacts with electrophiles. T

D It decolourises bromine water. |

Which compound can be oxidised to form (CHa)gCHCOCHg?
oH

(

A 2-methylpropan-1-ol (CHS) cw-c-Cd 3
2 L
B 2,2-dimethylpropanol o

C 2-methylbutan-2-ol
cd,) Cd
D 3-methylbutan-2-ol ( 3)"- N\

cco
.
CH.
Which species can act as a nucleophile?
lone Pofu Jdaonoy
A NH,
B CH3E)°H
C CH,
D H

[1 mark]

o] [o [o] 1]

[1 mark]

o] [o] [o] [o]

[1 mark]

o] [o L] [o]

L

Turn over b
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E The infrared spectrum of an organic compound is shown.

100

Transmittance 50+
! %

. owt (dcola) Coo
ll'lillililllllllll'il'llIII.IIlli]llll
4000 3000 2000 1500 1000 500
Wavenumber / cm-1
Which compound produces this spectrum?
[1 mark]

A ethanoic acid

B 4-hydroxybutanone to- CH5 CHAN 5
=6

C propan-1-ol Cu /
3

o] [o L] [o]

D prop-2-en-1-ol

Turn over for the next question

Turn over b

I
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Which alcohol forms a mixture of alkenes when dehydrated? i
[1 mark]
A propan-1-ol E
B propan-2-ol E
C pentan-1-ol El
D pentan-2-ol E’
@_TJ Which compound has the highest boiling point?

[1 mark]

A CH3CH,CH,Br
B CHyCH,CH,F

C CH,CH,CHO

o] [o] o] [o]

D CHCH,COOH  owly ane wiy hydogn bovds

@E Which-compound could not be produced by reacting 2-bromo-3-methylbutane with
sodium hydroxide?

,er (H3 [1 mark]
|
A 2-methylbut-1-ene 0"3 & C'L 3 (,:" Chx
W)W
B 3-methylbut-1-ene i [=]
C 2-methylbut-2-ene OI-Cl/CH [=]
\ | 5
D 3-methylbutan-2-0l D. (M, - C-C -CH3 [=]

b
H by CH3

B e

¥ HoH M 3
/H- KH' O‘Ft’o‘*ﬁ QH3
E. \'\QC.: C. 43 Cug\ " 4
Q\CH C‘ C:C\
H'/ = H./ QHS

IANIA
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The heat released when 1.00 g of ethanol (M, = 46.0) undergoes complete
combustion is 29.8 kJ

What is the heat released by each molecule, in joules, when ethanol undergoes
complete combustion?

(the Avogadro constant L = 6.022 x 102 mol™)

[1 mark]
A= I‘OO o .
B 4.95x10%y I\ R [
C 2.28 x 102"y - 6°021Tx 6032 [=]
2
D 4.95x 102 2 A= 58 mt0™ [=]
1304 02

END OF QUESTIONS i
padfie o f - B PR bl 1 o

Por molecd-e
3
w D
= g,a&x:o"&(]’
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