Organic Chemistry — 2021 IGCSE 0620

1.

3.

June/2021/Paper_11/No.33
Some information about compound L is listed.

1 L is an organic compound which contains four hydrogen atoms.

2 Lis soluble in water.

3 Anaqueous solution of L reacts with copper(1l) carbonate to produce a gas.
What is L?
A methane

ethene

B
C ethanoic acid
D

<
ethanol é@

June/2021/Paper_11/No.34

The structure of an organic molecule is shown. d

alcohol

o I o TR v+ B =]
S
‘o

yes yes yes

June/2021/Paper_11,12&13/No.35
Which compounds belong to the same homologous series?

A ethane and propane

B ethanoic acid and ethanol
C methane and ethene
D

propene and ethanoic acid



4,

5.

6.

7.

June/2021/Paper_11&13/No.36
Which statement about alkanes is correct?

A They burn in oxygen.
B They contain carbon, hydrogen and oxygen atoms.
C They contain double bonds.

D They contain ionic bonds.

June/2021/Paper_11/No.37
Which structure represents poly(ethene)?

A B C D
H H H H H H H
! Ll LI o2l
_ i _ _

| | ] | 1&NY [ |
H H H H H H H

June/2021/Paper_11/No.38 @
P, Q, Rand S are four organic compounds. 0
P is an unsaturated hydrocarbon. 0

Q burns but otherwise is unreactive,

R contains a C-C single b =C double bond.

S undergoes addition p

Which compg;ﬁ"‘s a
A PandRonIS/ C P,Qand$S D QRandS

June/2021/Paper_11/No.39
Which statement about petroleum fractions is correct?

A All petroleum fractions are used as fuels.

B Gas oil is used to make bottled gas for heating.

C Hydrocarbons in diesel have higher boiling points than hydrocarbons in gasoline.
D

Molecules in kerosene are larger than molecules in fuel oil.

n



8. June/2021/Paper_12/No.34
Which gas is the main constituent of natural gas?

A ethane
B ethene
C methane
D

propane

9. June/2021/Paper_12,21&23/No.36
Which statement about alkanes is correct?

A They burn in oxygen.

L/

B They contain carbon, hydrogen and oxygen atoms. e
C They contain double bonds. b
D

They contain ionic bonds.

10. June/2021/Paper_12/No.37 &

Which compound decolourises aqueous bromine é

T o
H H
L 2
L o ”

L 4
11. June/2021/Paper_12/N

What is the chemical equation for the process of fermentation?
A C¢Hi20 + 60, —» 6CO; + 6H0

B GC¢Hi206 » 2C,Hs0H + 2CO,

C GCgHi206 + 3H,O — 3C:HsOH + 30,

D CgHi;0 + 30, > 6CO + 6H,0



12. June/2021/Paper_12/No.39
The flow chart shows how petroleum may be turned into a plastic.

process process process
etroleum 1 saturated 2 unsaturated 3 .
P hydrocarbon hydrocarbon -
What are processes 1, 2 and 37
process 1 process 2 process 3
cracking fractional distillation polymerisation
cracking polymerisation fractional distillation

o O W P

fractional distillation

fractional distillation

cracking

polymerisation

ponmerisatio@

craeKki

13. June/2021/Paper_12,13,21,22&23/No.40

Which substance is a natural polymer?

A

B
Cc
D

14. June/2021/Pape£$3/
P, Q, R and Sare,or

P is formed by reactin

Q decolourises bromine water.

ethene

Terylene

nylon

protein

*

Q

O
o
X

ounds.

hene with steam.

L/

N
‘0(

S

R is a hydrocarbon; all of its bonds are single covalent bonds.

S is a waste product from digestion in animals.

Which compounds are alkanes?

A PandQ

B PandS

C QandR

D RandS

plastic




15. June/2021/Paper_13/No.38
Which row describes how ethanol is used?

fuel solvent
A no no
B no yes
Cc yes no
D yes yes

16. June/2021/Paper_13/No.39
Which diagram shows the conversion of ethene into ethanol?

A

&

"”

L 4
17. June/2021/Paper_21/Nof

What is the structure of butanoic acid?

A CH;CH,CO;H

B CHs;CH.CH,CO.H

C CH;3;CH,CH,CH,CO,H
D CH3CH,CH>CO,CH3



18. June/2021/Paper_21/No.34
Compound Z contains carbon, hydrogen and oxygen.

Molecules of compound Z have four hydrogen atoms and two carbon atoms.
Compound Z can be made by oxidation of an alcohol.

What is compound Z7?
A ethene

B ethanol

C ethanoic acid

D methyl methanoate

19. June/2021/Paper_21/No.35 @
G‘&

Which statement about homologous series and isomerism is

A Butane and butene are structural isomers.

Compounds in the same homologous series hxg\e general formula.

B
C Compounds in the same homologous series same molecular formula.
D

Structural isomers have different molecudlar f ulae.

20. June/2021/Paper_21/No.37 E

What is an advantage of manufa hanol by fermentation?

A The processis very f

The ethanol requir aration.

B

L 4 .
C The raw&nei?irla
D

There are nB oth

e renewable.

ducts formed.



21. June/2021/Paper_21/No.38
P, Q, R and S are four organic compounds.

P is an unsaturated hydrocarbon.

Q burns but otherwise is unreactive.

R contains a C—C single bond and a C=C double bond.
S undergoes addition polymerisation.

Which compounds are alkenes?

A PandRonly B P,RandS C P,QandS D QRand$S

22. June/2021/Paper_21,22&23/No.39 %
The structure of a synthetic polymer is shown.
L/ é >
0 x o)

0 o 0]
Tl o deld 1o
H H

T

The structure shows thatitis a ...... 1. t @@y ...... 2. polymerisation.

Which words complete gaps 1 and 2? 0

1 2

polyamide

polyamide
polygster

polyester

o 0O o >

23. June/2021/Paper_22/No.34
Which statement about ethanol is not correct?

A Ethanol can be made by fermentation.

B Ethanol is oxidised to make ethanoic acid.

C Ethanol reacts with oxygen exothermically, making it a good fuel.
D

Ethanol reacts with propanoic acid to make propyl ethanoate.



24. June/2021/Paper_22/No.35
Which pair of formulae represents two alkanes?

A CHjand CgHqs
B C;Hsand CsHs
C CsHg and CsHi2
D CioHsand CsHg

25. June/2021/Paper_22/No.36
Which statement about alkanes is correct?

A They burn in oxygen.
B They contain carbon, hydrogen and oxygen atoms. e’
C They contain double bonds. o b

26. June/2021/Paper_22/No.37

Which statements about ethanoic acid are correc @
1 ltis a strong acid. o

2 It reacts with ethanol to for ster.

D They contain ionic bonds.

3 It has the formula CH

A 1and2ony B 1Q

s
27. June/2021/Papérs@/No

The flow chart shows petroleum may be turned into a plastic.
process process process

1 saturated 2 unsaturated 3

C 2and3only D 1,2and3

petroleum ™| hydrocarbon ™| hydrocarbon ~

What are processes 1, 2 and 37

process 1 process 2 process 3
A cracking fractional distillation polymerisation
B cracking polymerisation fractional distillation
Cc fractional distillation cracking polymerisation
D fractional distillation polymerisation cracking

8

plastic




28. June/2021/Paper_23/No.34
Ethanol is reacted with acidified potassium manganate(VII).

Which row describes the type of reaction and the type of organic compound formed?

type of reaction organic compound
A oxidation carboxylic acid
B oxidation alkene
C dehydration carboxylic acid
D dehydration alkene

29. June/2021/Paper_23/No.35

The diagrams show the structural formulae of four compounds. E q

]
C=C—C—C—H
|| ‘ |
H H H
H—C—H
|
H
4
H H H H
| 1 |
C—C—C—C—H
|| |
H H H
H—C|3—H
H
Which two compounds are structural isomers?
A 1and3 B 1and4 C 2and3 D 2and4



30. June/2021/Paper_23/No.38
What is an advantage of the fermentation process for producing ethanol compared with the
catalytic addition of steam to ethene?

A Fermentation requires less heat energy.

B Ethanol from fermentation needs to be distilled.

C Raw materials for fermentation are non-renewable.
D

The fermentation process is carried out in batches rather than continuously.

31. March/2021/Paper_12&22/No.35
The pie chart represents the composition of natural gas.

Which sector represents methane? Qe
A D ‘\

o !
’troleum, is used for jet fuel?

32. March/2021/Paper_12/N

Which fraction, obtai
L 2

A bitumen®’ g
*

B gasoline

C kerosene

D naphtha

10



33. March/2021/Paper_12&22/No.37
The formula of a hydrocarbon is CH,.

The equation for its complete combustion is shown.
CHH, + 80, —» 5CO; + 6H,0

What are the values of x and y?

>
<

o O m »r
N o G oo
&)

5 ‘ é@@’

34. March/2021/Paper_12/No.38 &\

Pentane is an alkane and pentene is an alkene.

What is observed when bromine water is added to a4 ample of each compound?

pentane

becomes colourless

becomes colourless

remains unchanged gcomes colourless

o o w »r

remains uncha remains unchanged

*®
35. March/2021/Papetal?

Molecule 1 undergoes ess to make molecule 2.

process
molecule 1 = molecule 2

Which row describes the molecules and the process?

molecule 1 process molecule 2
A monomer cracking polymer
B monomer polymerisation polymer
C small molecule polymerisation monomer
D small molecule cracking monomer

11



36.

37.

38.

39.

March/2021/Paper_12/No.40
Which substance has long-chain molecules and is a constituent of food?

A carbohydrate
B nylon

C poly(ethene)
D Terylene

March/2021/Paper_22/No.34
Propane reacts with chlorine.

Which row shows a condition required for this reaction and identifies the t;@:f reaction?

condition type of reaction @
A phosphoric acid catalyst addition L/
B phosphoric acid catalyst substitution &
C ultraviolet light addition @
D ultraviolet light substitatio

&en ethene and steam?

Which statement describes the reacti
A acracking reaction which r? thane and hydrogen gas as products
u

March/2021/Paper_22/No.36

an addition reaction ces ethanol as the only product

B
C an oxidation reacti roduces ethanoic acid as the only product
D

a slow rgaﬁggn ethanol and carbon dioxide
*

March/2021/Paper_22/No.38
The formula of an ester is CH,CH>CH>,COOCH-CH,CHs.

Which acid and alcohol react together to make the ester?

acid alcohol
A butanoic acid butanol
B butanoic acid propanol
C propanoic acid butanol
D propanoic acid propanol

12



40. March/2021/Paper_22/No.39
Molecule 1 undergoes a process to make molecule 2.

process
molecule 1 = molecule 2

Which row describes the molecules and the process?

molecule 1 process molecule 2
A monomer cracking polymer
B monomer polymerisation polymer
Cc small molecule polymerisation monomer
D small molecule cracking monomer
41. March/2021/Paper_22/No.40 L é
Which structure represents a protein? *\
A
B
Cc
D —C

13



42. June/2021/Paper_31/No.4
The structure of malic acid is shown.

(@) (i) On the structure draw a circle around the alcohol functional group. [1]

(ii) Deduce the formula of malic acid to show the number of carbon@rogen and oxygen

atoms.
........................................................................................... é@ [1]

Explain wi o] described as unsaturated.
rYs
A4
........................................................................................................................................ [1]
(c) Compound F can form polymers.
(i) State the meaning of the term polymer.
....................................................................................................................................... [2]
(ii) State the name of the polymer formed when ethene is polymerised.
....................................................................................................................................... [1]

14



(d) Ethanoic acid is a carboxylic acid.
Describe the observations made when dilute ethanoic acid reacts with:
[ F=To] g T=T=T 10 1 o RS RUUPS SO PPPRR PP
EMUS SOIULION. .. et e e e e et e e e e e e e e e e s e e e e e e e e e e e e e annsnnne e

[2]

(e) The graph shows how the pH changes when dilute ethanoic acid is added slowly to aqueous
sodium hydroxide.

14
9.
NG
12 X
‘ 3
\ 1]
10
pH
8 N
6
*®
e ;’
2
0 10 20 30 40

volume of dilute
ethanoic acid added/cm?

(i) Deduce the pH of the aqueous sodium hydroxide before the addition of dilute ethanoic acid.

[Total: 10]
15



43. June/2021/Paper_32/No.4
The structure of succinic acid is shown.

0]
H l|:
H—(lz/ SOo—H
H—C O—H
/ \C/
Hoo
(a) (i) On the structure draw a circle around one carboxylic acid functional group. [1]

atoms.

Y-

0\
(b) When succinic acid is heated it undergoes sublimatio@

(ii) Deduce the formula of succinic acid to show the number of carbon,@ogen and oxygen

Compound F has the f H,CH,OH.

(i) State the name H functional group in compound F.

“"’ OO OO OSSOSO OSSOSO 1]

(ii) A polym‘er is d when succinic acid is heated with compound F.

Choose one word from the list that best describes the small molecules that react together
to form a polymer.

Draw a circle around the correct answer.

bases ceramics monomers plastics [1]
(d) Ethanoic acid is also a carboxylic acid.

Describe the observations made when ethanoic acid reacts with:
(o] [N T 1 R o =1 o 1=

(o= | [ 10] g gl or=1 o Jo] 4 = (= RN TSR EPR PR

(2]

16



(e) Astudent’s graph of how the pH changes when aqueous sodium hydroxide is added slowly to
dilute ethanoic acid is shown.

14

12 -

10

pH

bQ

sy 10 20 30 40

S v volume of aqueous
sodium hydroxide/cm?

(i) Deduce the pH of the dilute ethanoic acid before the addition of aqueous sodium hydroxide.

(if) Deduce the volume of aqueous sodium hydroxide added when the pH is neutral.

[Total: 9]

17



44. June/2021/Paper_33/No.4
(a) The structure of two organic compounds, F and G, are shown.

F G
H H H H
\C= / H\f é:/
He ./ \C/H N\ / AN /
H C—H
Cord L
H™ N\ / H VAR 7\
C= H /C—C\ H
\ T T
H H H H

(i) Compound F is an unsaturated compound.

Describe a chemical test for an unsaturated compound. e Q

test ‘ ..........................................
ObSErVatioNS .......cccccueuiiiiiricce e 0 ....................................................
[2]

(ii) Compound F is reduced to compound G usi rogen and a catalyst.

State what is meant by the term cat@

.......................................................................................................................... [1]
(iii) Compound G is

Name the sat ocarbon which contains two carbon atoms

“‘., ..... B oo et oo e et ee e oo et e et e eteae e et ee e et eeeee e e eeeeeeeenen e [1]

H
o HHHHHH o
N L7
c—C—C—C—C—C—C—C
N R T T I A
H—=O0 H H H H H H  O—H

atoms.



(ii) Compound H contains two carboxylic acid functional groups.
Ethanoic acid also contains a carboxylic acid functional group.

Draw the structure of ethanoic acid. Show all of the atoms and all of the bonds.

[1]

(iii) Describe the observations made when ethanoic acid reacts with:

universal indicator SOIULION ... }gﬁy ...........................

ethanoic acid is shown.

(c) A student's graph of how the pH changes when aquw&onia is added slowly to dilute
'3

12
=
¥,
*$
44 :’
*
4
2
0
0 10 20 30 40

volume of aqueous
ammonia added/cm?

19



(i) Deduce the pH of the dilute ethanoic acid before the addition of aqueous ammonia.

(d) Compound H reacts with compound J to form a polymer.
Compound J has the formula HOCH,CH,OH.

(i) State the name of the —OH functional group in compound J.

@ ........................ [1]
(ii) Ethene polymerises to form poly(ethene). Q

Choose one word from the list that best describes the reaction that occurs.

Draw a circle around the correct answer.

addition combustion n@ reduction [1]

0 [Total: 12]
Q°°
Q’é

&

*

20



45. June/2021/Paper_41/No.7
Many organic compounds contain carbon, hydrogen and oxygen only.

(a) An organic compound V has the following composition by mass.
C, 48.65%; H, 8.11%; 0O, 43.24%

Calculate the empirical formula of compound V.

empirical formu 0 ....................... [3]

(b) Compound W has the empirical formula CH,O and a relatl uIar mass of 32.

Calculate the molecular formula of compound W

0Q molecularformula= ..........cccoovii.

(¢) Compounds X and € same general formula.

Xand Y gf?g:t

Compound 3( ha

acids.
molecular formula C,H,O..
Compound Y has the molecular formula C,H,0,.

(i) Deduce the general formula of compounds X and Y.

21



(ii) Draw the structure of compound Y. Show all of the atoms and all of the bonds.

Name compound Y.

(iii) Give the name used to describe a ‘family’ of similar compounds with the same general
formula, similar chemical properties and the same functional grou@

L/
(d) Propene is an unsaturated hydrocarbon. The formula of p& is shown.

CH,CH=CH, 0

(i) State the colour change observed when ne is added to aqueous bromine.

long chain alkanes.

(ii) Propene can be produced by cr@

Pentadecane, C,.H,,, is

0 produce an alkane and propene in a 1:2 molar ratio.
Complete the ¢ quation for this reaction.
CiHy SR F oo [2]
L 2
(iii) Proﬁéwan erted into poly(propene).
*

Name the type of polymerisation that occurs when propene is converted into poly(propene).

....................................................................................................................................... [1]
(iv) Complete the diagram to show a section of poly(propene).
I I I I
—C C C C—
| | | |
(2]
[Total: 193]

22



46. June/2021/Paper_42/No.6
Molecules A and B can form condensation polymers.

A B

HO— " }—OH Hooc— ___ }-COOH

(a) Each molecule has two identical functional groups.

(i) Name the functional group in B.

(ii) Draw the part of the structure of the synthetic polymer that would form when two molecules
of A and two molecules of B combine. Show all of the bonds in the :'!nkages.

(iii) Name the other product formed wh@@les of A and B undergo polymerisation.

................................................... 0 [1]

(b) Molecule A is a simple su ich can be made by hydrolysis of complex carbohydrates.

(3]

(i) Draw part of the carbohydrate that could be hydrolysed to make molecules of A.

Includf onedi show all of the bonds in the linkage.

(1]

(ii) State two sets of conditions which could be used to hydrolyse the complex carbohydrate
to form A.

LSRR

2 et e et ee et ee e — et n— e et aeeeeee e e ee e nnennees

23



(iii) Name the technique used to identify the individual sugar units made by the hydrolysis of a
complex carbohydrate.

....................................................................................................................................... [1]
(c) Ethanol can be made from the simple sugar glucose, C,H,,0..
(i) State the name of this process.
....................................................................................................................................... [1]
(ii) Complete the chemical equation for this reaction.
CH,,0, — [2]

0 [Total: 12]
o*\éq
<

Q”QQ

24



47. June/2021/Paper_43/No.7
Many organic compounds contain carbon, hydrogen and oxygen only.

(a) An organic compound R has the following composition by mass.
C, 69.77%; H, 11.63%; O, 18.60%

Calculate the empirical formula of compound R.

empirical form .......................... [2]

(b) Compound S has the empirical formula CH,O and a relatl\{ ular mass of 60.

Calculate the molecular formula of compound S.

o’é&
o
0Q molecular formula = ...........coooeeeee. [2]

(c) Compounds T and e same molecular formula, C;H,O,.

' Corqpbtnd
° Com;;dgﬁdv

r.
s a —COOH functional group.

(i) State the name given to compounds with the same molecular formula but different
structures.

(ii) Name the homologous series that V is a member of.

25



(iii) Draw a structure of compound T. Show all of the atoms and all of the bonds.

Name compound T.

=10 0 L= U
(3]
(iv) Draw the structure of compound V. Show all of the atoms and all of the bonds.
Name compound V.
O >
[2]

(d) Ethanol can be produced from long ¢ %ues such as decane, C,,H,,, in a two-step
process.

Q step 2
decane hene ——— ethanol

ai:eaction that occurs

n.

For each of the two step
e name the type
e write a chemic

18T T I ol == L o] T
(ol =Y e Loz 1 I =To TU = (T o T
step 2: ethene to ethanol

13 o L= oLl (== Lo Lo o

(o] g1 g a1 or=1 =T o [ U= i) o

[Total: 15]

26



48. March/2021/Paper_32/No.6
The structure of compound A is shown.

H

H o
| |7
H—O—C—C=C—C—C
I N B
H H H H O—H

(a) (i) On the structure of compound A, draw a circle around the carboxylic acid functional group.

(1]

(ii) State the name of the carboxylic acid that has only two carbon atoms.
....................................................................................................................................... [1]
(iii) Deduce the molecular formula of compound A to show the n f carbon, hydrogen

(iv) Explain, by referring to its structure, why compo &described as unsaturated.

............................................................... 0& [1]

(b) Ethene is an unsaturated hydrocarbon. o

Draw the structure of ethene to s % the atoms and all of the bonds.

Q’é

L 2
"t’
[2]
(c) Ethene can be produced by cracking hydrocarbons.
(i) State the meaning of the term cracking.
....................................................................................................................................... [1]
(ii) Give the conditions required for cracking.
T e ettt e e e eeeeeeeeeeeeeeeeaeeeaseaaeatansantanttaneteeeteetteeaeteaaeeaaeaeeaeeaaaeaaaaaaanneannnnnans
2 e eeeeeeeeeieeieeeeeieesssssssssssssssssseeseatetteeeeeteeaeeeaeaaaaaasaaaeaaeensanaannrantantantentannnernenen
[2]

27



(d) Ethene can be polymerised.
Complete these sentences about the polymerisation of ethene using words from the list.
addition decomposition neutralisation poly(ethene)
poly(ethane) reduction Terylene
When ethene polymerises, it produces a molecule called .............................. .
The type of reaction which occursis ............................... i

(2]

(e) Describe one pollution problem caused by non-biodegradable plastics.

........................................................................................................ Q [1]
PY é [Total: 12]

49. March/2021/Paper_42/No.5

The table shows the names or structures of organic ¢ ds P to U.
P o R
oic acid but-1-ene
T U
H H

.............................................................................................................................................. [2]

(b) Describe the test for an unsaturated hydrocarbon.
(= PSP
ODSEIVALIONS ... ettt e e e e e e e e e n et e et e e e e e e e e e e nnn e e rn e eeaeas
[2]

28



(c) But-1-ene is an unbranched molecule.

(i) Name the unbranched isomer of but-1-ene.

(ii) Draw the structure of a branched isomer of but-1-ene. Show all of the atoms and all of the
bonds.

(1

(d) Dodecane is an alkane with 12 carbon atoms. Dodecane can be ¢

(i) Write the formula of dodecane. ‘\b
................................................................................. * [1]
(ii) Give the letters of all the organic compound@E:!hat can be formed when dodecane

is cracked.

(e) Name the reagent and e conditions needed to convert organic compound U into

organic compound S

reagent .............. R

L 2
conditior§ ?’ ..... B ettt ittt ettt e R b ae bR A bt ettt bbb s b a e b

(f) Organic compound S can be converted to organic compound Q by reaction with an acidified
reagent.

(i) Name the type of chemical change that happens to organic compound S.

29



(g) Organic compound T is made by reacting two compounds together.

(i)

(i)

(iii)

Name the homologous series that organic compound T belongs to.

Name the two compounds which react together to make organic compound T.

Draw the structures of each compound you have named. Show all of the atoms and all of
the bonds.

(01210 8 L=
structure
(012100 (=TT \/ é ........................................

O
O
<

[4]

Deduce the molecular for rganic compound T.

.......................................................................................................................... [1]

[Total: 20]
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50. March/2021/Paper_42/No.6
Polymers are large molecules built up from small molecules.

(a) State the name given to the small molecules from which polymers are made.

(b) The formula of a polymer is shown.

H H
|
(|3—C
CH; CH,f,

(i) Draw the structure of the small molecule from which this polymer is r% Show all of the

atoms and all of the bonds. q

N

& 2l
(ii) State the type of polymerisation use@ this polymer.

(c) Three amino acids are show ombine to form part of a natural polymer.
- -coon MK coon w00

(i) Nameéhe

| polymer formed when amino acids combine.

(ii) Complete the diagram to show part of the structure of the natural polymer that forms when
these three amino acids combine. Show all of the bonds in the linkages.

] [ 1 [ ]

[3

(iii) Name the type of chemical reaction that takes place when this natural polymer is converted
back to amino acids.

[Total: 9]
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