PhysicsAndMathsTutor.com

OCR

Oxford Cambridge and RSA

A Level Chemistry A
H432/02 Synthesis and analytical techniques

Tuesday 12 June 2018 — Afternoon

Time allowed: 2 hours 15 minutes

You must have:
* the Data Sheet for Chemistry A
(sent with general stationery)

You may use:
« a scientific or graphical calculator

-~ H A =22 o 2

( First name )
( Last name )
Centre Candidate
number number
INSTRUCTIONS

Use black ink. You may use an HB pencil for graphs and diagrams.

Complete the boxes above with your name, centre number and candidate number.
Answer all the questions.

Write your answer to each question in the space provided. If additional space is
required, use the lined page(s) at the end of this booklet. The question number(s) must
be clearly shown.

Do not write in the barcodes.

INFORMATION

The total mark for this paper is 100.

The marks for each question are shown in brackets [ ].

Quality of extended responses will be assessed in questions marked with an
asterisk (*).

This document consists of 32 pages.

© OCR 2018 [601/5255/2] OCR is an exempt Charity
DC (ST/CT) 154180/4 Turn over

PMT



1

PhysicsAndMathsTutor.com

2
SECTION A

You should spend a maximum of 20 minutes on this section.
Write your answer to each question in the box provided.

Answer all the questions.

Which compound is used as a standard for NMR chemical shift measurements?

@ S|(CH3)4 C/Hj

\

B CDCl, - ho peaL in 'H NmR sfolvenJ[J
C D0 - nopealin "CNME nopeal in "HNAR e _4;
D CCl, - hopealtin 'H NMR M,

Your answer | A

Which compound is a secondary amide?

[1]

éCH ‘Cé hot amides ll/c»%:b:)ﬂs bonded

I© 2° 3°

b
CH, 0
1l Amide
CHZ‘Q C ~ Nk M dassifcation
CH /
3

0 | based on
' H number of C

bonded o

amide N -

N banded to 2 cabans,
so thisis 2° amide

N bmndﬁ()"l’\') SWL’WS/
50 a3 1S 20 pmidd ©

Your answer C
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/\]M

A CH,CH,CHO

01"
CH,CHCH, N\
C  CH,CH,COCH, 4
0%
D  CH,CH,CH,Cl %
/\/

Your answer | B

ar porir olemor(tfﬂ- 0M -, K‘“x)

Which compound does not react with nucleophiles?

AN ww‘:aunﬂls in A, C and D have
2t ¢ which is & common Gife of
ottade for nuaeo‘;l,.,}[es.

¢ denge and will [1]

not et attade of & denge nucfeophile

Which structure represents an alicyclic compound?

Hee

dlC la\/\t
Mgmm-i'l(/

X
o wjo{\'c Lt _

anmath C

C=C nod ddocﬁdﬂﬁﬂl
GerosS whole ﬁ“fg so
not ewomatic

o
©

\(AJCM(,

X

w\d\‘a bu—t anm 0\'{’[0

Your answer | (.
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planar = flovt
N 4
5  Which molecule is not pla'}nar? H \oe\SH

g L
A CHy oy s H”Cg(/v\u | M
e N e e
C H,CO ' ! ?1 . C o, “

, C\lw /N W
b HeN H/ \H Oy
=N lhple bonds am

Your answer | B . \9/ P

g0’ C -centre norease lileedih o0d "
of P\omm r'rhl
6 What is the number of peaks in the 'H NMR spectrum of HOOCCH,CHOHCH,COOH?
|
A 3 &

haa{ P'qulj Y ﬂoo{ envirohme/nh 0 I@ ! 3@ 0

C

I ~C
t C~'! ~C>~¢ “
5 7/ C o
AR w,
D 6 |® L l

-~ 4 envr@nm pls . lne of S\‘mmd‘“‘
Your answer | B 4 penks

[1]

Mr (Aesired Pmd“d)
e Y -

gum of Mr for al
rea ctowts

7  Ethanol can be prepared by different reactions.

Otom ewnomy = %[00

Which reaction has the lowest atom economy?

X C4H,,05 — 2C,HOH + 2CO,

- om
B C,H, +H,0 - CHOH — [ produck - 1007 ffem exenomy

it 0 vevy hiogh ~ lawexiney, ofgw evonom
@ C,HeBr + H,0 — C,H.OH + HBr O " Ar";?am"ﬂ lawoanr o 1
B CH,COOC,H; +H,0 — C,H.OH + CH,COOH \'
(0, and CYy WOH e loWVetr
My wde Pmo{wd'f than HBr
Wgoed appcodmaion g
withond uging EW‘L'*’“»)

Your answer (,
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NO ™ muwit be |eftover [ reformed in Pmpﬂao\ﬁm (-fe,P

s

8 The breakdown of ozone is catalysed by NO radicals.

Which equation is a propagation step in the mechanism for this process?

A NO+O0,—N+O0O, overall equation = 203 <= 30,

B NO+0O,—NO,+0O NO+ 0Oy — NO2t0-
Pro?owJaHOn

C N+0O;—>NO+O, NO,4 0 —> NO+ Q.

@ NO,+0O - NO+O, NO reformed

- aoh'n@ < (ﬁ\hh‘;’f

Your answer | D

o [1]

9  Which compound could have produced the IR spectrum below?

100

transmittance (%)
504
\
O‘\whﬂ\
O—-H
0""|""|""|"'|"''|""|""|
4000 3000 2000 1500 1000 500
wavenumber/cm=1
X CHECHOH  Noy

N
@ CH,CHOHCN Az
& CH,COOH A o

B CH,CONH, v

ANH

2

Your answer | [

o [1]
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10 Benzene reacts with an organic reagent in the presence of a halogen carrier to form

phenylethanone. Lj
Al

Electrophilic

subshtution . \CH
3
[ ] — [ ] 1

O—0

C
PN
phenylethanone ® CHB
Which organic reagent is required?
A CHiCHOH v
B CH,CHO )\H <> B — too unstable o —s H' + O
0
- N
@ CH3COCZ )Oku z>u Hyo,.; H
X CH,COOH N
= o\ L
] on C{- Mmare ﬂﬂl}le thon 04 Qs HA
Your answer | C g0 s+rohge/‘ acid +than Hop
= [1]

U va better Itmvina) ﬂl’oup thawn ol -
11 How many straight-chain structural isomers of C,H,-Cl contain a chiral carbon atom?

\
’ eorhon bonded to 4 oliffeent

Al same mole clar
2 fovmuor  differ ent shuchvrol formu)o, ﬂmwpv e.q -
| .
c 3 v [, — cheal C
/f\/}\/\na&daml he —c — H
D 4 b B 3 |
CH, M,
] H
Your answer | /\/Yp/\ chicel
- [1]
A
w Chiral
H
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12 The mass spectrum of (CH;),CHCH,OH is shown below.

100+

[ q3 m}z

80—

relative 607
intensity .

40—

Which ion is responsible for the peak with the greatest relative intensity?

K CHCH,OH* 44 H
H I
v Uy t
B CH,CH,CH , i c ¢ %(/Hlm oH
@ (CHy),CH" 13 Hs(’*(’ ¥ I \
l CHy

R~ CHyco* U cH
- ‘f\ Can be formed

Your answer | C C 4 '93 bﬂmh}n{) one bomd

e 7N ]

hot n Qn@; noul mp jecule

13 Which statement(s) support(s) the delocalised model for the structure of benzene?
dedocalised system canses all C-c
1 All carbon—carbon bonds have the same length. ./ bonds fo v same infermeclinte

pond [enpyth
2  The enthalpy change of hydrogenation of benzene is less exothermic than expected.

3  Bromine reacts with benzene less readily than with cyclohexene. ¢~ [ognd Iow,alu'ng
@ 1,2and 3 m ;V'M“ﬁu
5 Only1and2 defocatised ring stodorlise.d ﬂmq
bensene malung ot less Nile del acp.,!we rino)
C Only2and3 to reack with an electraphle than
B Only1 loctsed ¢ =

Your answer R
[1]
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14 A solid organic compound can be purified by recrystallisation.
as T T wnetic € of solveat T
/” oenser oh‘s;olvimy saliol
1 /The organic compound is more soluble in hot solvent. .~ so\m'blli‘flf T as MPT

Which statement(s) about recrystallisation is/are true?

2 /fhe hot solution is cooled before the purified organic compound is collected.
soluhoh must be wojed to colled soliol puce WMPOU‘"‘A
3 XThe melting point of the purified organic compound is lower than the impure compound.

A 1,2and3 S P oi}impure cow»pauno[ i¢ lower than
pure compound 0 impurities i fernpt
@ oy dands ool Wealcen (,(\ili'a.l lattice
C Only2and3
D Only1l

Your answer B

o [1]

15 Which of the following could react with the compound below to form a carbon—carbon bond?

H O

|/
|\

1 CHClandAICl —> eleetophlic sub—> Chy subsifutes 1 on pheay!
/2|@MmmmL%mewMA%~9gH@mWJWC;N
X3 CHOHandH,S0, = estenfiabon condifions — no C—C bond formed
A 1,2and3
Only 1 and 2
C Only2and3

D Only1l

Your answer B

o [1]
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SECTION B

Answer all the questions.

16 This question is about reactions of organic compounds containing carbon, hydrogen and oxygen.

(&) A chemist investigates two reactions of alcohol A, shown below.

OH

alcohol A

(i) What is the systematic name of alcohol A?

3 - methyl butan -2 <ol

.................................................................................................................................... [1]
(i) What is the structural formula of alcohol A?
(O, CH OO Gy e [1]
(iii) The chemist heats alcohol A with an acid catalyst to form_a_mixture containing two
_ alkenes. ~__ 5 > = S
olimnation OW is elimiqated
reaolx’oh Draw the structures of the two alkenes formed in this reaction. W.'h‘ either
V‘&lﬂ‘/\bomn'nf) H
; formin
two st dweal
KQvners
e \
[2]
(iv) The chemist heats alcohol A with sodium chloride and sulfuric acid. ol

Construct a balanced equation for this reaction. \
Show structures for the organic compounds in your equation.

t N
+ NaCl + H,50¢ —> \’/« alt S04 t H,0

[2]
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1 e Kw‘firm? afaw]‘
(b) Compound B, shown below, is refluxed with excess acidified potassium dichromate(VI) to
form a single organic product.

Complete the equation for this reaction.

CH; H H iy 0
N 3 e
H,C—C—C c—@+ .......... [0] —= Hsc,“(;“":I N >
| \, H|O 0 oH
. pOH) oH) H l
\, —
can't be € 3 2 \ letone CooH
ovichsed compound B [2]
(c) The flowchart below shows some reactions of compound C.
In the boxes, draw the organic products of these reactions.
0
0C ]
N, C
]
0
A
excess CH,OH/H,SO, g stend @i on
/\/COOH Steam _ Heoc
Hooc” XX H.PO
3"~
ho Coo K
compound C /Q
. | drﬂlhan
ﬂdoll“l-"m tj)
polymerisation P°l7M e 1Soh o
\
Hooc  COOH
| |
C—cC
I
h H n
repeat unit of polymer [3]
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17 The general formula of an a-amino acid is RCH(NH,)COOH.

(@) The a-amino acid cysteine (R = CH,SH) shows optical isomerism.
Draw 3-D diagrams to show the optical isomers of cysteine.

(M, SH l Uity S H
| ! l
C 'y, I \ C
N H | ‘\\‘\\ \
/ $ * [ HlN 4 Cool
hooC H 1 A
|
|
|
Yoy (2]
(b) The a-amino acid lysine (R = (CH,),NH,) reacts with an excess of dilute hydrochloric acid to
form a salt. (\
Draw the structure of the salt formed in this reaction.
Neguts with
Allcabine, f)omfs -
NH, <
H H 3’1@) WP
O
O ® | 7
A~ wn—c—cC
3 N\
[ OM
(CM,)
| o 2]
®

d@ NH,
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(c) oa-Amino acids can react to form proteins.

A short section of a protein chain is shown below.

\CHZ H
DNy
H O CH{CHZ )
] )
HZN/‘\\\O C\NT
N 2

A student hydrolyses the protein with hot NaOH(aq). veaCts with moio[i? Pol‘mls

Draw the structures of the organic products formed from this section of the protein.

0
(l; L .t < N Ne®
i 5 CH
/ N o -0 N”'G) I
HlN [ CH,
0 \CHI
I
C
A
/ O
N
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18 This question is about aromatic compounds.

(@) Phenol undergoes nitration more readily than benzene.

(i) Astudent carries out the nitration of phenol with dilute nitric acid to produce 2-nitrophenol
and 4-nitrophenol.

A small amount of 3-nitrophenol is also produced.

OH
OH OH ‘
| N02 ( yR 2
2
b 4 6
1, 3
2
S 3 9 ¥
NO
! ¢ ? NO,
2-nitrophenol 3-nitrophenol 4-nitrophenol

The student thought that 13C NMR spectroscopy could be used to distinguish between
these three nitrophenols.

Explain whether the student is correct.

Qen'\frop_l\wol and 3 - nitrophenal has 6 ¢ NMR peaks so

© OCR 2018



PhysicsAndMathsTutor.com PMT

15
(i) Explain why phenol is nitrated more readily than benzene.

© OCR 2018 Turn over
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(b) Methylbenzene reacts with sulfur trioxide, SO, to form D, shown below.

CHy

O—s—0

o

The electrophile in this reaction is SO,.

Complete the mechanism for the formation of D.
Show curly arrows and the structure of the intermediate.

CH, (/Hs
¢~
o o H 07 \p-
\S/ intermediate
6+
CL@‘ Y
CH,
+ H*

© OCR 2018
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19 This question is about the hydrolysis of haloalkanes.

(@) The rate of hydrolysis of a haloalkane depends on the halogen present.

State and explain how the halogen in the haloalkane affects the rate of hydrolysis.

(b) Chlorocyclohexane is hydrolysed with aqueous sodium hydroxide.

Lalyalkane On~ 1h T han
Outline the mechanism for this reaction. nucl U’P’”" ¢ subs l.fm B

Show curly arrows, relevant dipoles and the products.

2’*()c‘:la’—'% I /’—\—o
ad \\/ H

: OH

[3]
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(c) A student hydrolyses a haloalkane, E, using the following method. ) ‘
nudeopulic  Subgfitution
* 0.0100mol of haloalkane E is refluxed with excess NaOH(aq) to form a reaction mixture
containing an organic product F.
*  The reaction mixture is neutralised with dilute nitric acid.
* Excess AgNO,(aq) is added to the reaction mixture. 1.889 of a precipitate G forms.

Organic product, F, has a molar mass of 74.0gmol™" and has a chiral carbon atom.

(i) Draw a labelled diagram to show how the student would carry out the hydrolysis of
haloalkane E.

R&{:qu ol{mWrn

woterout w

— CLohdensexr

A\

.\

Found Wates in
bettom
Dosle T (2]
heay
(i) Analyse the information to identify E, F and G.
Show your working.
G: f—\aﬁr F : butan-2-o0l
P‘| o4
1-8¢ _ o \
__,,_._ngamol = rFMof (G b€ — C—C — Oy
00l 3 |
_ H H
18§ - 103.9 = s0:1 = br y
/ (laxy)+ 9t 16t 1= F el

REM of l\g

[3]
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20 Cinnamaldehyde and methylcinnamaldehyde are naturally occurring organic compounds.

CHO CHO

X X

cinnamaldehyde methylcinnamaldehyde

(@) Methylcinnamaldehyde is an E stereoisomer.
Explain this statement in terms of the Cahn-Ingold-Prelog (CIP) rules.
Hw‘ﬁkeJ’r fhor‘nfj groups CeMs , CHO are on oppasite sides af

© OCR 2018 Turn over
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(b) A student plans to carry out some chemical tests on both cinnamaldehyde and
methylcinnamaldehyde.

CHO CHO

X X

cinnamaldehyde methylcinnamaldehyde

(i) Suggest a suitable chemical test to confirm that both compounds contain an unsaturated
carbon chain.

Your answer should include the reagent and observations.

...&.‘Tﬁ—t...@o‘"ﬁ Colourless

(i) Describe a chemical test to confirm that both compounds contain an aldehyde functional
group.

Your answer should include the reagent and observations.

(iii) Describe a chemical test to confirm that cinnamaldehyde and methylcinnamaldehyde
contain a carbonyl group.

How could the products of this test be used to distinguish between the two compounds?

Your answer should not include spectroscopy.

© OCR 2018
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(c) The flowchart below shows some reactions starting with cinnamaldehyde.

Draw the structures of the missing organic compounds in the boxes and add the missing

reagent(s) on the dotted line.

o NaoN /H1

reagent(s): ...l

cinnamaldehyde

NaBH,

®/\\/\ oH

© OCR 2018
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| CHon Y,
~
A
excess H,/Ni
OH
= NN oN
H*(aq)
Y

[5]
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(d)* Methylcinnamaldehyde reacts with iodine monochloride, ICI, by electrophilic addition. The
reaction produces a mixture containing two different organic products.

CHO

X

methylcinnamaldehyde

The electronegativity values of chlorine and iodine are given in the table below.

Pauling electronegativity value
Cl 3.0
I 2.5

Outline the mechanism, using the ‘curly arrow’ model, for the formation of one of the organic
products and explain which of the two possible organic products is more likely to be formed.

In your mechanism, you can show the phenyl group as CgH,. [6]

© OCR 2018
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Additional answer space if required.
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(@) The flowchart below shows some reactions of compound H.

In the boxes, draw the organic products of these reactions.

0 0
{ I\
C - C -
>0 Nat S0 Nat
O
0
H N
Na,CO,(aq) NaOH(aq)
I
C
\OH
HO
compound H

© OCR 2018
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(b) Compound H is used in the synthesis of polymer I, as shown in the flowchart below.

Complete the flowchart by drawing the structure of the acyl chloride and two repeat units of
polymer I, and stating the formula of the reagent(s) required for the first stage on the dotted

line.

Q 0

|| 1

“~ C

OH S0U. ™~ @
......................... . O
HO
compound H \'\0

acyl chloride

0 0

\l
I
(s () ——0 __@“ C v

two repeat units of polymer 1

[4]
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(c) Acosmetic product containing four esters, J, K, L and M, is analysed by gas chromatography
and mass spectrometry. The results are shown below.

Gas chromatogram

5

4.3
4.2

| L“’I;U -

T T |
0 1 2 3 5

retention time/minutes

The numbers by the peaks are the relative molar proportions of the compounds in the mixture.

Mass spectrometry

ester m/z of molecular ion peak
J 152 — |3} = \9 .
K 166 M
L 180 — 13 =43 ﬂmolw'
M 180 - 137 = 43 . modm

() The concentration of ester K in the cosmetic product is 9.13 x 1072gdm™3.

Using the results, calculate the concentration, in moldm™3, of ester M in the cosmetic
product.

Give your answer to two significant figures.

—————-fﬂ\nxwﬁl = §5:50% 10 ™ mololm
166
550 x (0% 91 = 35 %10 moldn”

pa—

43

concentration of ester M = ............lcoeoiierccce moldm™3 [2]

© OCR 2018
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(i) A general structure for esters J, L and M is shown below.

T|
C\O/R

HO [JrIm(tle)JfLHnu(lwl):;;jr

Where ‘R’ is an alkyl group.

Use the mass spectrometry results to deduce possible structures for esters J, L and M.

REREN
12
%3 = 30
43-3¢= 7%
9 43 3
0 0 () !
\ ! L OH(ohy) " T
C\o/ M3 O 0\0/ 3)e ‘(\.J\O/u;lcu,(;ﬂ3
0 (or
HO Ho Ho
J L M

[3]
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22 The relative molecular masses and boiling points of some fuels are shown in Table 22.1.

Fuel Relative molecular mass Boiling point/°C
hexane 86 69
pentan-1-ol 88 138
heptane 100 98
Table 22.1 Callong2 = taemml alkane

/?

(&) Write an equation for the incomplete combustion of heptane.

© OCR 2018
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(c) Fuel additives are often used to improve the combustion of a fuel.
(i) Compound N is a fuel additive containing carbon, hydrogen and oxygen only.

Complete combustion of 1.71g of compound N produces 2.97g of CO, and 1.62g of
H,O. The relative molecular mass of compound N is 76.0.

Calculate the molecular formula of N and suggest a possible structure for the compound.

CD,_ : _Eﬁ:}__, = 0.06%5 mo : (H,)0
R +(1bx2) @); ?

. - - \ \
H.0 - 62 00900 mv Con
I+ 1416 3 - g
C;H‘&OL
F6- ((1x3)+8) = 32
3205 - 205 RFM x Mo
lc
H oy M H Won
\ | l l | I__H
| ( I 1 L
H B
oW oH
compound N

[5]
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(i) Solketal has been investigated as a potential fuel additive.

" O><

(@)
solketal

Solketal is synthesised from propane-1,2,3-triol and a carbonyl compound.

Construct a balanced equation for this synthesis.
Show structures for the organic compounds in your equation.

oW 0 0
o ory K K e
0

(d)* A scientist is researching compounds that might be suitable as fuel additives.
One of the compounds gives the analytical results below.

[2]

Elemental analysis by mass:
C: 54.54%; H: 9.10%; O: 36.36%

Mass spectrum:
Molecular ion peak at m/z = 132.0

'H NMR spectrum in D,O

T T T T T | I !
5 4 3 2 1 0

chemical shift,8/ppm

The numbers by the peaks are the relative peak areas.

When the spectrum is run without D, O, there are two additional peaks with the same relative
peak areas at 11.0ppm and 3.6 ppm.

© OCR 2018
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Use the information provided to suggest a structure for the compound.

Show all your reasoning.

[6]
....... X2 S L LT LAk AU
12 | 16
R 2 T L1 L =S
2233 2243 2+ 243
e, T A L
_empincal formula CrHg¢ O

...... & = 4Oppm  quactet , IW (y,—cn-0
...... 3= 1dppm, Shglet (GH o (Chy). —C
b= 1eappm ., doublef, 3K CH3 — CH

END OF QUESTION PAPER
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ADDITIONAL ANSWER SPACE

If additional space is required, you should use the following lined page(s). The question number(s)
must be clearly shown in the margin(s).
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