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1  The displayed formula of an organic compound is shown below.

What is the systematic name of this organic compound?

PhysicsAndMathsTutor.com

SECTION A

2

You should spend a maximum of 20 minutes on this section.

Answer all the questions.

H

H H H

kL

T T

A Propyl propanoate

Propyl butanoate

C Butyl propanoate

D Butyl butanoate

Your answer
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Ethanol is oxidised to ethanoic acid using acidified potassium dichromate(IV) solution. The reaction is

2
[ 1 [hea‘[ed under reflux using the equipment shown in the diagram below.

CO'B ‘/ "‘ —— — water out

QW‘ < ——=waterin

ethanol and acidified
potassium dichromate(VI)

I

heat

What is the reason for heating under reflux?

A to ensure even heating wm
to prevent any substances escaping —) od.wm W
C  to boil the mixture at a higher temperature

D  to allow efficient mixing

Your answer (&

How many stereoisomers are there of CH;CH=CHCH(OH)CH,CH=CH,? - / Z

*
Your answer & \l/ (dl\w WM
A
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4 | The functional group in an organic compound, W, was identified by carrying out two chemical tests.

The results of the tests are shown below.
e M Ny

Heating with acidified sodium Addition of ' MM or
~— | dichromate(VI)(aq) 2,4-dinitrophenylhydrazine(aq) (

orange solution turns green yellow/orange precipitate formed )

Which compound could be W?

CH;CH,CH,OH
CH;COCH;

CH;CH(OH)CH; )

A

B

C
@ CH;CH,CHO {_

Your answer 0

1]

5  Complete combustion of 40 cm’® of a gaseous hydrocarbon X requires 240 cm?® of oxygen. 160 cm® of
carbon dioxide forms. All gas volumes are at room temperature and pressure.

What is the formula of X? X e 600\ — L‘.C01 {-q-\"l 10

@ C4Hg 3
S L 40 e | e0um
R CeHiz . l'x’
R CeHy \ 2
. o - LeOum
Your answer \ g Q

(1]
L gk e (S — (o) M Ehy
- {(0) pov
4,0
@ LR 2 B a5 Gl

© OCR 2014 H432/02
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6  The boiling point of butan-1-ol is 118 °C. The boiling point of 2-methylpropan-2-ol is 82 °C.

Why is the boiling point of butan-1-ol higher than that of 2-methylpropan-2-ol?

butan-1-ol has stronger induced dipole—dipole interactions because it has more electrons

A
butan-1-ol has stronger induced dipole—dipole interactions because it has a straight-chain

structure 3 QLA oM pmw 5% //\\%\\%‘,‘“

C  butan-1-ol can form hydrogen bonds while 2-methylpropan-2-ol cannot AN ok

(

D  butan-1-o0l is more stable because it is a primary alcohol

Your answer (5

1
7 Hydrogen bromide reacts with 3-methylbut-1-ene. E( MW WW

What is the structure of the major intermediate formed in the mechanism?

Your answer (5

© OCR 2014
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8 Two chemical tests are ¢arried out on an aqueous solution of an aromatic organic compound Y.

The results of the tests are|shown below. nc (0 ‘|’ /\)CL,LCO 2 - 5 MT + Hf)_U

Test Br,(aq) Na,COs(aq)

Observation decolourised effervescence

What is the minimum number of C atoms in Y? S WM W M\

A s dbda € —
® dapetkn B 6C

. M)
Cc 3 mNAAM \]/
D

©
wr
9 N
vro’c§o ¢
Your answer 6 4 M(Wk, WU NU'LLO?,

1]
9  Bromine is reacted separately with nitrobenzene and phenylamine. WAW

Which organic products are likely to form?

Product from nitrobenzene Product from phenylamine
A 2-bromonitrobenzene 2-bromophenylamine
B 2-bromonitrobenzene 3-bromophenylamine
@ _3-bromonitrobenzene _2-bromophenylamine
D 3-bromonitrobenzene 3-bromophenylamine

Your answer . Y) (\

1]

~NOy 15 WM ‘ " SENT% (AWV\@W‘/’W’}
o W@% Wl@a wuknihan
L 3 dwr Y () L

© OCR 2014 H432/02
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10  Which alcohol could be used to prepare HCOOCH(CHs),?

[EYYRVIEYINVIVY
ol

A Propan-1-ol

Propan-2-ol

‘C\ 2-Methylpropan-2-ol

]x Methanol

Your answer @
1]

11 CN ions react with haloalkanes and with carbonyl compounds. = = ¢ (Ja/\/ (M/(,Q,'(C(yf ;@
Nw: €& pund  dAMRY = Q

Which row gives the correct mechanisms for the reactions?

G)C: N Reaction of CN™ with Reaction of CN™ with carbonyl
L_ - haloalkanes compounds
YNW A Electrophilic substitution Electrophilic addition
B Electrophilic substitution Nucleophilic addition
C Nucleophilic substitution Electrophilic addition
@ Nucleophilic substitution Nucleophilic addition

r os_ w
0 /%J C)(AS = A

Oc¢n cN (1]

Your answer

© OCR 2014 H432/02 Turn over
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12 The structure of a molecule that is used as a pain reliever is shown below.

0 (<0 (p ddprtdbN

Which statement about this molecule is not true? C & H

A. It has the molecular formula CsgHoNO,.
B It reacts with bases to form salts.
@ It has a ketone functional group.

D It can be hydrolysed with aqueous acid.

Your answer C

[1]

© OCR 2014 H432/02
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13  Carbonyl compounds have distinctive smells.

Menthone smells of peppermint.

- i —>—0HK

©
. oo elr
Menthone
e I A
Menthone is reacted in a two-step synthesis shown below. j

Step 1: A sample of menthone is added to hot acidified aqueous dichromate(VI) ions.

Step 2: The resulting mixture from Step 1 is added to NaBHy in water.

o N
L yeunl ¥y H 2 W )
What happens to the smell of the reaction mixture during the process? MM\ WV\J/)

Step 1 Step 2
@ Smell of peppermint remains Smell of peppermint is lost
\3\ Smell of peppermint is lost Smell of peppermint returns

Smell of peppermint remains Smell of peppermint remains

C
D Smell of peppermint is lost Smell of peppermint does not return

Your answer ' ‘

1]

© OCR 2014 H432/02 Turn over
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14  Which of the following support(s) the delocalised model for benzene rather than the Kekulé model?

1: Benzene is less reactive than cyclohexene / @ - Kr -

2: A benzene molecule has a planar, hexagonal structure X

3: The enthalpy change of hydrogenation of benzene is more exothermic than predicted from the

- Kekulé¢ structure ¢ Ve
A 1,2and3 {)W : KW
B Only 1 and 2
i
C  Only2and3 R

Only 1
+06r, , ARBr,

Y A ¥
our answer L v L A (1]

o ‘ Lk b oxon
s o o s (el SO e

© OCR 2014 H432/02



PMT
PhysicsAndMathsTutor.com

11
15 The structure of molecule Z is shown below.
'\ T
: T

L—C— T
o
—IT

g |

Which of the following statements is/are true?
J 1: The carbon-13 NMR spectrum of Z shows four peaks — WL C M\NW
V 2: The proton NMR spectrum of Z shows five peaks —) d W WM

./ 3: The proton NMR spectrum of Z run in D;0 shows three peaks
S
@ 1,2 and 3
B Onlyland?2 0\/‘,0\6\0\,()/) b ol Lo
C  Only2and3 0 o N $2 V}(/&AAQ nAQ
D Onlyl o {wow w AL
WW‘

Your answer “

1]
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SECTION B

Methyl allyl chloride, MAC, is a chemical used in the production of insecticides. The structure of MAC
is shown below.

CH;
N
C—=C
/N
H CH,Cl
MAC

(@) @) Give the molecular formula of MAC.

.............. Coe e
(i)  Draw the skeletal formula of MAC. /\/ W %
(L fukeks)
y; L

(iii) MAC has several structural isomers.

State what is meant by structural isomers. K I ~

(b) MAC is highly flammable. When MAC burns, one of the products formed is a toxic gas.

2l \00000 P | A4S
1.321 g of this gas occupies 1.053 dm? at 100 kPa and 350 K. P\! =21 ('T Mf - N
1.05% *\0-;m3 J P\/

Use the information provided to suggest the identity of the gas. n=

H CH \90000 + \' 53 1”3 @2’ ‘ A
_ 3 b 3IEIK M
Nl 7 (dkcn Ptk

(= - (b,g\\.\_ + 350
MAC

L B
© OCR 20M g 0- 035‘3‘/ L-) \ ‘\ u H.A_a_z/c\z .\,35 . S Turn over
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(¢) The flowchart below shows some reactions of MAC.

\l\ %\\7‘, W |7
H, / Ni W-(- (\’Q\‘\'L\L v CW

\ ' (;/" ("
H CH; \

Reaction 1 H

’ \(:Hg('l HCl | (‘X, \:‘
MAC \ ‘ | ., \\"'Q-(’- A 2
Reaction 2 S \
8 bl TIRITNCY
\5\— g/./ "C \‘\ /% Compound A Compound B

(major product) (minor product)
‘u o 3L

@) Complete the flowchart above.

e Draw the structure of the product of Reaction 1.
e Draw the structure of the minor organic product of Reaction 2 (Compound B).

2]

W :QQ:

(ii) Reaction 2 creates a mixture of compounds. Compound A is the major product. . -

-
Draw the mechanism for the formation of compound A. BW

3 ' 3
\ /(’H") A \L\C & (L

VN (- o \
ot 5 ) L
- : _e-C-CW,&
/Gl vl
()

Use curly arrows and show relevant dipoles. “

w G-

© OCR 2014 H432/02
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(iii) Explain why compound B is the minor product of Reaction 2.

Compound B

(minor product)

(iv) MAC reacts with water in the presence of AgNO;(aq) and ethanol.
Draw the structure of the organic product of this reaction.

State what you would observe in this reaction and identify the compound responsible for
the observation.

H\\— /{'H; “\ C/L\'\ % < Qe
/c (\ }C' N \/
H CH5C| Q C\,\’p\_\

© OCR 2014 H432/02 Turn over
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(d) Compound A reacts slowly in humid conditions to form compound C.

Ly, 0

H Cl

T humid air
Compound C
H CHAC > pou
Compound A

Compound C contained the following percentage composition by mass:
C, 46.1%; H, 7.7%; O, 46.2%

The infrared spectrum of compound C is shown below.

100 (
| NN

60

transmittance (%)
40

20

0 T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

wavenumber/cm ™!

© OCR 2014 H432/02
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Using the information on the previous page, deduce the structure of compound C. _ _'_“_
N A
Give your reasoning. \

structure = @

© OCR 2014 H432/02 Turn over
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17 Molecules with more than one functional group are useful chemical ‘building blocks’.

CKO

l\ (i) Compound D can be synthesised from ethanal, CH3CHO.| ) (XWW ‘g 7

N -
\/\ (, - (J\\’\ Devise a two-step synthesis of compound D from ethanal. LJ

3) e Give details of appropriate reagents and relevant conditions.
e Write an equation for each step, showing clearly all organic compounds.

(a) Compound D, CH;CH(OH)CH,NH,, is an intermediate in the synthesis of a variety of drugs.
—

e
L
\¥ 1

(ii) Explain why compound D is very soluble in water.

Use a diagram in your answer. 2 —0 H

S

0 x

%\f\’/ \\E‘/// Q S{‘\Ayo\\’}z{ — N oA
07w o\

—
—
—

\ ¢

© OCR 2014 H432/02
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Qv " CH;CH(QH)CH,NH,
\ | (iii) Compound D reacts with propanedioic acid, HOOCCH,COOQOH, to form a
\/&3 L C\, v 7. condensation polymer. ('9‘ Auys (,00 t
\¥ . . : . o4 .
\i Draw a possible repeat unit of this condensation polymer. OJ\/\/\’LAQ' ('NH 'LJ‘_(JOSHB

Show clearly any functional group present in the repeat unit.

A C, BN canfortA
( 3 —
B é‘é— 0-UA0" CT/ “"Wewm
‘? \ f \‘)( n o,

v Yow o [ o ok

(k4 BN S . é\ W

o S 7 L
\ \\A/ \d ()‘ N

\y @

(b) Serine, shown below, is an amino acid.

Y
HO C C C atom B
H I‘N[_l:2 OH
/-— 5 bp €
atom A

Use electron repulsion theory to predict the shape of the bonds around atoms A and B.

Give relevant bond angles around atoms A and B.

Give reasons for your answers.

© OCR 2014 H432/02 Turn over
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(ii) A student adds an excess of aqueous sodium hydroxide to a sample of solid serine.
The student then purifies the resulting reaction mixture to obtain a pure sample of an ionic
organic product.

e Draw the structure of the ionic organic compound obtained.
e Outline the steps that the student could carry out to obtain a pure sample of the organic

N(‘)«.Q/ﬁ; product from the reaction mixture. "K
" ac) & BARE 5 SALT TWATC
|
HO——C —( \\
|
N]]
)

N )
X-\,\o,t—c-(o ‘XMQ (H*L/t?)
by ® 3/ [l ke |

(c) Tabtoxin is a poisonous substance produced by bacteria found in lilac trees.

HO
-

NH,
NWW : \ tabtoxin

(i) Identify the chiral centres present in a molecule of tabtoxin.

On the structure above, mark each chiral centre with an asterisk, *. @

’L(MIV\M @—- Tabtoxin can be broken down by alkaline hydrolysis. V) M % WV\*’J

Draw the structures of all the organic products of the alkaline hydrolysis of tabtoxm

.
e /\(\)(\
\'/( N\>\,L
V4

AW 58

Ooh ’
© OCR 2014 0\/?;2/(&/) M W\/\ Jr\/WVV\U\L



PhysicsAndMathsTutor.com
21

18 A student investigates reactions of aromatic compounds.

(a) The student first carries out the reaction shown below. C\O\/\ s O')_

(@

(i)

© OCR 2014

OH
OH

FeC13 + HCI

HO

Caph "““’{\”

quinol Compound E

The student obtains a very low yield of compound E.
The student obtains a much higher yield of a different organic product with molecular
formula C14H2202.

Suggest an identity for the organic product C;4H»,0; and draw its structure below.

(‘/\
3 HW
W N
\\0/

1]

The student is told by a friend that the FeCl; catalyst is not needed because quinol is more

reactive than benzene.
OH

Explain why the student’s friend is correct.

You may draw a diagram to support your answer. HO

Vﬂ V\ quinol
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(b) 4-Nitrobenzoic acid is an important compound in chemical synthesis. The flowchart below shows a
synthesis involving 4-nitrobenzoic acid.

LN AT

(D
HO step 1 ’ O step 2 product

NO,
Compound F

A Bg 50 ,C\)\3Q\’\q_0\)‘

e, 4

)
W va\(\l \\// @

(ii) Instep 2, the -NO, group in compound F is reduced by tin and concentrated
hydrochloric acid.

Write an equation for the reduction of compound F.

Show the structures of any organic compounds 1nvolved

O
! A *(&Q - /\/\'\NH Jf\\%/,)_O
NOV \

%ﬁm (&)

e

© OCR 2014 H432/02



PhysicsAndMathsTutor.com
24

19 o-Hydroxy acids (AHAS) are naturally occurring acids often used as cosmetics.
(a) The flowchart below shows some reactions of an AHA, CH3(CH,),CHOHCOOH.

(i) Fill in the boxes to show the organic products of Reactions 1 and 2, clearly showing the
relevant functional groups.

" B A ol
) Q\O' =
—~C— (O0W
ch, Coo
5 IR
X
P on '+ (00 \
Reaction 1 CH;COOH and H,SO, S !
heat \ /
c——=C
H3PO4 /
h H COOH
CH;(CH,),CHOHCOOH cat
- Compound G
—_—
VBI W Reaction 3
+
NaBr and H,SO4
Reaction 2 e heat ) ) Compound H
\) %
W

)

\
W) — (- A
B

(ii) Give the full systematic name for compound G.

(B p 2o wid /o ©
@ H oA KL Qi
H.CH,C g C\e KB ‘ WA ()
X _F e 1y, 3 QQ—— 7
/\ belz, - EERTRNT N
- y ) \
Compound G \ \t

Q—W



(

© OCR 2014

PhysicsAndMathsTutor.coril ¢ ¢ / ,

25 I':t'\ —) E-V‘{VW\-Q/{'

(iii) Compound H is a stereoisomer of compound G. H COOH

e Suggest a structure for compound H. Compound G

e Draw the repeat unit of the addition polymer that can be formed from compound H.

e Ps ‘ﬁ@m%
W c :
oor \ 9

AT /C’ (7__
H C,OO(’(

Compound H \/ addition polymer \/

7- U @

y

iv)  The addition polymer in (iii) is used widely in industry. Increasingly, waste polymers are
being processed as a more sustainable option than disposal.

Apart from recycling, state two methods for usefully processing waste polymers. , /

H432/02 Turn over
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(b) A student synthesises a sample of the AHA J using the following reactlon scheme, starting from
propane-1,2-diol.
OH

O
NaBH4
[0] o
propane-1,2-diol ~——>
Step 1 Step 2
OH KW o

Compound J

(i) In the space below:

\/ state a suitable oxidising agent for Step 1
write an equation for Step 1
e outline the mechanism for Step 2, showing curly arrows and relevant dipoles.

. 5 < ()\UJU)Y@/& ) KQ\U’LO \/
® o w (H250y ) 0 1
\
/\\/O“ %{0‘& ) /\/b ¥ LK
é-\\{’@ \()H
CQ%/ 0 OR

Lo

| |
O e o A

© OCR 2014 H432/02
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(ii) The reagent used in Step 2 of the synthesis in (i) was NaBH4. NaBH, contains the ions
Na' and [BH4]".

Draw a ‘dot-and-cross’ diagram of NaBH, and give the full electron configuration of Na".

Show outer shells of electrons only o 6' W\,\ N
x
0
7~

full electronic configuration of Na': \ ....................

-}

MaBH,
i) —_—
Step 2

OH

OH
Compound J

H432/02 Turn over
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(¢) Compound K is an AHA that is often used in ‘chemical face peels’.

A student wishes to identify compound K from the list of compounds below.

/—Z(r) (7" glycolic acid HOCH,COOH.

{ lic acid HOOCCH,CHOHCOOH M W W‘/) .
W malic aci H ) H Q{\/\ \ “\W

mandelic acid CsHsCHOHCOOH.
pantoic acid HOCH,C(CH3),CHOHCOOH

The student isolates compound K and analyses a sample of the compound by titration.

The student dissolves 1.89 g of compound K in water and makes the solution up to 250.0 cm’ in a
volumetric flask. The student titrates 25.0 cm® of this solution with 0.150 mol dm > NaOH(aq).

18.80 cm® of NaOH(aq) were required for complete neutralisation.

Use the results of the student’s analysis to identify compound K from the list above.

Show all of your working. \%4%0 _ 002% /)\ V\y(
Y\(\\\WH\:\IXLHOOO 058 ©

) 259
q N Q\%* W W
W NeOR | 5 00282
%10 2 o Lp
lsuvw?’ ) LSO UM \Ark@ AT YA Y] i}
9 .002% ¥\0° -0-0231 | >6’7'0M

.y M W'} \g\‘\_v;(\q;ﬁjbﬁ‘
W o NOOB Ly (w0
vk

© OCR 2014 H432/02
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20 Cyclohexanone can be prepared in the laboratory by reacting cyclohexanol with concentrated sulfuric acid
and sodium dichromate.

Ethanedioic acid is added to the reaction mixture to react with any excess dichromate.
The mixture is then distilled. The impure distillate is a mixture of cyclohexanone and water.

You will need to refer to some or all of the following data to answer these questions.

Boiling point /°C | Density /g cm™ M,
Cyclohexanol 161 0.962 100.0

(Q/U\) (/ Cyclohexanone 156 0.948 98.0
Wt l

(a)* Draw a labelled diagram to show how you would safely set up apparatus for distillation and describe

a method to obtain a pure sample of cyclohexanone from the distillate.

WA
MATTE e

BV ondanpe STSTEM

/
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(b) Ethanedioic acid removes excess dichromate ions, Cr,0;>, as in the equation below.

3(COOH), + Cr,0/4 + 8H" — 6CO, +2Cr’" + 7TH,0
LGhs
Suggest how you could tell when the excess dichromate has completely reacted with the
ethanedioic acid.

YT 7
...... Ly, (

(©)

-------------------------------------------------------------------------------------------------------

(d) Plan an experiment that would allow the student to confirm the identity of the pure organic product o

—V
by means of a chemical test. (6&‘-&4‘”(5 MW ) KETonE

© OCR 2014 H432/02 Turn over
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21* A chemist isolates compound L, with empirical formula C;HgO, and sends a sample for analysis.
The analytical laboratory sends back the following spectra. -
7 Y °% L (243 +0 +16 =53

= Mv
Mass spectrum /7 ] \c) _ 0
Molecular ion peak at m/z = 116.0. /575 2% 2 CG \Hl L l /
'"H NMR spectra

The numbers next to each signal represent the number of 'H responsible for that signal.
Two 'H NMR spectra were obtained: one without D, and one with D,0O added.

S 'S ,
"H NMR spectrum with no D,0: L_) ﬁ H Mb@ W
C .

ILZAN oV LW
Da O Expansion of multiplet
L

K) W centred at § 2.7 ppm

4 3 2 1 0
PPM
! spectrum wi 0 a ) H - MH
H NMR spectrum with D oﬁdd@ @ o 1
T ~0
2. Y™ LR ](,’C C= L W"‘
AR U240

© OCR 2014 H432/02
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3C NMR spectrum:
S= 213 Il C/\LV{\AJNV)
J
c="°
> <
T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T
220 200 180 160 140 120 100 80 60 40 20 0
PPM ‘Pg ﬁ Q
Use the information provided to suggest a structure for compound L. WWUV\‘NW/L)

C
k )

Give your reasoning.

© OCR 2014 H432/02





