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QUESTION ONE

(a) Six organic compounds are given in the table below.

Complete the table by drawing the structure or giving the IUPAC (systematic) name.

Compound Structure Name
NH'L \'\
A H C C \"\ ethanamine
|
H H
Br ;
B Br-C-H dl’?(OMOMLW(\Q/
H
H
C\—\sﬂ o
C 0~ g, (‘: C( C S 3,3-dimethylbutanoic acid
b Cha B
HHBrHHH
D H c c c c-C- c H H -bromohey-1-end
HH H H
\«\ H H
E H—C=C~- C, C C" ) 1-pentyne
\ )
4 L\ M
H CH,H .
F H - c c c H R
H OH H @W\BIP(OFC\(\’/LJO\
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_"‘...'{ (b)  Explain how acidified dichromate solution, Cr,0,” /H", can be used to distinguish between

compounds G and H (below):
(|2I (I)H
CH,-CH,-CH-CH, CH,-CH,-CH-CH,
I I
CH, CH,
Compound G Compound H

In your answer:
identify the type of reaction occurring
include conditions required for the reaction to occur
describe relevant observations
draw the product formed.

1 Whep  uou react COW\PO:/{M[ G vath C\rLO i H't

Al £inel Hot & feaction wont OC.CM\’
ofa <olution el bcao{du\ 1o

Com V\éLQ ard  the s&}q‘({ov\ wi |

sta arom Whare as w n react

Cra 2 HT %L\H\ Com Haw !

?ma{ Hot the solubion u\)\(l Y (’(onf\

% O1an) to afeen. /ﬂ'\\$ Q\Ovu% ns the Ol\ﬁ(’,(once

B betwegn the Yo Compounds, with Com ounol

' L Bore o alcoha\ anol Com M

Lo haloaltavs . Tor Coma;um\ G thure

wWas Ao reaction that ha XWO\ but tor COMf)OA nd|

H an Ox\'daﬁon reoCtC Thi's

muans the product Formed wag 2 c_o(bo:cbhc,

QC\OK %TL\L COYV\'?

Gr haloaltome J\,Ld'

g{-o\ e sane ac
/ chv

There is more space for
your answer and diagram
hq [7 ,l& V\Ld on the next page.
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Product formed:
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Haloalkanes are useful starting materials used in the synthesis of many more complex molecules,

including many pharmaceutical products.

Below are some constitutional (structural) isomers of chloropentane, C H, Cl. Use these to

answer parts (i) to (iii).
C'I CH,
|
CH,-CH,-CH-CH, CH,-CH,-C-Cl
I i
CH, CH,
Compound G Compound I
Cl
CH, !
! CH,-CH-CH-CH,
CH,-CH,-CH-CH,-Cl |
CH,
Compound J Compound K

(@)

Classify each of the haloalkanes as either primary. secondary, or tertiary:

Compound G: Pf i‘N\C\Yﬂ

Compound J: Pr (AAY —\j

Compound I: Te‘lh(}»‘( b
Compound K: %COV\ dO\( \5
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Compound K forms two different products when reacted with alcoholic potassium hydroxide,
KOH(alc), and heat.
Cl

I
CH,-CH- CH-CH, —onecl, A\ l:é,wb
|
_‘\__—/"

e Pooter =E 11
Foor @:;:C

(i) Draw both products of the reaction, and circle the correct

Eus W EES g ” H Ry H
o] ' Y e Ve
w-Cr— CF Ca— C-H /C—‘L" Cy '3’ i
l ’ H M
‘—( I
. \\
Circle: /" MAJOR /)MINOR Circle:  MAJOR /(MINOR )
(o Gl

(iii) Elaborate on the reaction of Compound K with alcoholic potassium hydroxide, KOH(alc),
and heat.

In your answer:
. explain why two different products are formed

. justify your choice of major and minor products.

Two dikkerent monol and pinoc products wele
formed due to E liminakion ot +hae
-C\ functiona\ %rou& ardl the odoliFlon
of a C=C odouble bord. The mayor
pdeuct- ' whon +he double bond attoche
onto Hw. corbon voth fue (east amount of
H atoms attached to that corben, in our
case (2 has the (east H aboms so (=Cs
The minor r;(odvtd’ ' then Hhacetore -
gty g
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QUESTION TWO

(a) An incomplete reaction scheme is shown below.
(i)  Draw the structural formulae of Compounds B, C, and D in the labelled boxes provided.
(ii) Complete the Reaction type W, X, Y, and Z in the labelled boxes provided.

(iii) Complete Reagent 4 in the labelled box provided.

Compound A Compound C
H ('.H
1K oh MEsrin
H-C-C-C-C=C-H e C'C C C C""
I | | | I Reaction type W
o 4 Bt - IO - 5\»\‘95\'“"*\"':'}\ H M H OH |'1

H,S0, conc. [ et
Reaction type X
Eh‘mu‘r\ah‘o N
NH,(alc), heat
Reaction type Z Compound D Compound E
- \ H
Subst tuton A C.H"’l ) H H CHH M
|
H—C-$~C=C’C|f"a‘?a H-C- c c c-¢
]
oy e 1 HoH H H
v CompoundB s

HH tgp o #le H Cl .

H-Cc-C- cc C -H

—

Reaction type Y

) ) T
A HH N R AddFion
Compound F Compound G
H ® 00 H l;! H CHH H
| I | | | | | | |
e g e
Hiol Gl [ ¢ o L P
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7
(b) Compound E can be redrawn, as below, to enable it to be viewed as a monomer suitable to
undergo addition polymerisation.

H H
\ /
C=C
/ \

CH, H

Compound E

(i)  Draw three repeating units of the polymer that would be produced using the monomer
Compound E in the box below.

I—0n-

(i) Explain the process of addition polymerisation.
In your answer:

identify the structure and bonding feature of Compound E that makes it suitable to
undergo addition polymerisation

. explain how an addition polymerisation reaction occurs

compare the relative reactivity of the monomer and the polymer.
To uvx&ﬂ(%) 4radd. tion Pol?mu isabon
ﬁw mMust have a mondiner with a
=C

doulble lbonol. AOU!#@’\ Po( mer <ednon)
[e

+

OCCUS when (e,acb% oulble bonchpl
Monontcs Fomtue Fo cieabte a continums

choann. The monomes (< veru reachve, caus!
the. doulde loond ko bor ,and allow
airale Ford connethlong voith oblhur
Ca (Do af'omS,l/l'\\'Q C(MJCEQ A \pol 0w us\'mj
00{0(‘+§0n Pobmh‘sah'ov\. The r;*ol Yqu NO“W)
has o vey [ow r(/acf’\'v\'i‘ co;\Parw' to

aA monpmec” as, e pol ¢ has creaked
A S+(0“3 ¢choun Qrtmamsstsggs m d%
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Polytetrafluoroethylene, (Teflon), is a polymer known for use in breathable, waterproof textile
fabrics. Alternatives are being developed that aim to provide similar advantageous properties to
Teflon with less environmental impact.

The structure of Teflon is show below.

F F
| |

E El,

-m

|
- -C_
|

F

mn-0O-n
n-0
n-0-1

(iii) In the box below, draw the monomer that Teflon is made from.

F
\ F

(iv) Teflon is also used as a non-stick coating on cooking pots and frying pans.

Identify the physical and chemical properties of Teflon that make it suitable for this use.

(¢) Draw three straight-chain (non-branched) isomers of C.H, Cl.
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QUESTION THREE

Pohutukawa bark can be brewed into a tea and used in a range of rongoa (traditional medicines). as
it contains organic acids, such as ellagic and gallic acids, which have antioxidant, antiseptic, and

anti-nausea properties.

(a) While extracting the pohutukawa bark, the following compounds can be isolated.

Con o
. ¥,
O CH,-(CH,),- CH, CH,-CH,- CH,
HO OH
OH
gallic acid 1-heptanamine 1-propanamine

(i) Name the functional group circled above.

W@w Co\vboxxj{c, Acid.

(i) Explain the procedure you could use to distinguish between 1-heptanamine and
1-propanamine solutions based solely on their physical properties.

Physical properties are limited to differences in melting point, boiling point, and water
solubility.

In your answer:
. describe the test method
. compare the observation for each compound

. explain the test result for each compound.

The melky osnt~Bs B A avd. 1oi [ I'po\'n’f'
1S Me«mM b5 how much enery 1< neeolod]
fo breok Hu botls in eadn comedand. For
./L*Mpf‘anamu'm,, it will have a l’\l%)\ﬁ( mg%
Po»'mL/bo\'h'n Po{nf Hhon 1~pro‘:>0«no\m(%

to i+ havwnX more C-H and (-C bords to
b{ealC. FO( COMFO\MD( {'0 be, soluble 'n water
it must have Zagpde attiactive forees, to attach
to fhe Ho0 atoms, and the more bordke, Fhece ave
A lesS Soluue_ (tve g PVOVGNUN\:;’C Question Three eontinueg

).5 Saluble 1N NO\“_QA’/ but 1- haptesnam on the next page.
i not due. fo Mvm&&%&g& 250H(ach~/€, ForCRS o bBealc .
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(iii)

@iv)
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Describe how red and blue litmus paper can be used to distinguish between gallic acid and
1-heptanamine solutions.

Include observations in your answer.

Whon \6% ceack aallic acd vk % blae (s
|

90\?0(, will Foarn ced. Wi upu react
L “heptanamine with Zed Citmu Va@u 't

will furn plue . T4 oo wed aalic acid with »

ved himus and ’L'Npkomawu'w%w{\'l'\ Bl%m
L\‘%mv@)w%w% will_hopptn Yo botir,

Devise an alternative method (without using litmus) to identify the functional group circled
in gallic acid.
In your answer:

state the reagent needed and the general products formed

describe the observation, and link to the products formed.

An alternakive matlod Fog %\\f\d“f\\“&r?}&“\'cf
acid comus with ucino, No, (02 “to react
with 1+ When the v 8@»/\1‘ l< ~reacteo
wWith H1e aallic 0\0\‘0\/ taau\ whill be
able ko <ttt 4 bubbles of CO.
il be roduud,wlr\\’c\/\ can be

S as 'bubbles in alest tube This
chows, Fhat Hy Functional foup n
208 ﬁmllu‘c ac'd 1g o ca(b(;}ﬁl{c acid,

PO, YA T
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(b) Pohutukawa flowers contain many terpene compounds (volatile organic compounds) that
contribute to their fragrance. An example of a terpene, nerol, is shown below.

Two functional groups (A and B) have been circled and shown to the right, where the label ‘R’
has been used in place of the complex remainder of the molecule. Note that R, R, and R,

groups are all different.
e A e
e e £=<
OH H,C H i R,
Nerol A B

(i) Identify which of A and B will exist as geometric isomers.

5

(ii) Justify your choice in (b)(i) by explaining the requirements for geometric isomerism.

Foc aeometnc \comeem, vou must
hoave o Cis and o toing " [somey .
Thi's means van wnll two complex
emaimelecs oAa\@ the moleaule to cremte
He cie andl Hu brons 126 nuss.
’I’W A \SOomec ys wahire. bebth
ﬁ-L ond A ave on Bl o Etom 6f
4L @, A A frans (o
,Ié V\}MV\ Z‘L A \2‘} e 0,0{70%/‘@(,

e - CHz =
bl %=
2= . L& 2 =l
O\ % frons -

1t 12 I;m[yorl-ank
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Extra space if required.
Write the question number(s) if applicable.
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Extra space if required.
Write the question number(s) if applicable.
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Extra space if required.
Write the question number(s) if applicable.
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Grade
score

Marker commentary

One

M6

The candidate was awarded M6 for the following reasons: in (a)
they correctly named / drew the six compounds; in (b) they
correctly identified the type of reaction occurring, the observations
and the product being formed, but did not identify the condition
required; in (c)(ii) they correctly drew the major and minor
products; in (c)(iii) they identified that there will be two products
formed after an elimination reaction, and then linked this to the
two different locations for the carbon-to-carbon double bond.

Two

M5

The candidate was awarded M5 for the following reasons: in (a)
they correctly identified 7 from 8 structures and reaction types; in
(b)(ii) they were able to explain addition polymerisation linked to
the presence of the carbon-to-carbon double bond, and compared
the relative reactivity of the monomer, Compound E and the
corresponding polymer.

Three

M5

The candidate was awarded M5 for the following reasons: in (a) (ii)
they correctly linked the melting and boiling point to the length of
the carbon chain, but did not link this to the strength of the
intermolecular forces; in (a)(iv) they described a correct method to
identify the functional group linked to reagent, observations, and
product formed.




