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1. (a) Compound X is a straight-chain hydrocarbon that consists of 85.7 % carbon by mass.
(i) Find the empirical formula of compound X

[3]

(ii) Some peaks from the mass spectrum of X are shown below.

Abundance

Use the empirical formula and the mass spectrum to find the molecular formula of X. Show your
workings

[2]

(iii) Suggest what information the presence of the peak at m/z 15 gives about the structure of X.

[1]
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(&) Butene, CgHp. 13 an alkeme. Draw displayed formulas for three straight-chain
1zomers of CyHy. 2]

(Total 9)

2. (a) Propene reacts with hydrogen bromide to give 2-bromopropane.

(i) Draw the mechanism for this reaction.

[3]
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(ii) Explain why the product of this reaction is mainly 2-bromopropane rather than 1-bromopropane

(2]

(b) Compound C is a compound of carbon, hydrogen and bromine only. Bromine has two
isotopes, °Br and ¥'Br, in equal abundance. Use all the information below to deduce the

structure of compound C, giving your reasoning. [6]
QWCI1]

« Compound € contains 29.8% carbon, 4.2% hydrogen and 66.0% bromine by
mass.

» The mass spectrum of compound C contains peaks at m/z of 15, 41 and a pair of
peaksat 120and 122.

+ The infrared spectrum of compound C has absorptions at 550cm~1,1630cm ™" and
3030cm,

+  Compound C is a Z-isomer.

(Total 12)
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3. (a) Anacid F wasknownto be one of the following.

CH;CH,HC —=CHCO,H Acid 1 M, =100
HO,CCH,CH,CO,H Acid 2 M =118
A sample of 1.20g of acid F was burned in excess oxygen. 1.79g of carbon dioxide was
formed.
(iy Calculatethe mass of carbon presentin the sample of acid F. 1]

Massofcarbon=.................. g

(i) The mass of hydrogen in the sample is 0.061 g. Assuming that the rest of the sample is oxygen,
calculate the mass of oxygen in the sample.

[1]

Mass Of OXYGEN = . v vttt ettt et et ettt e et g

(iii) Use your answers to parts (i) and (ii) to find the empirical formula of acid F.

[2]

Empirical formula . . . . . . . .o e
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(iv) State the identity of acid F. Show clearly how you reached this conclusion.

[1]

(v) Describe a chemical test that would distinguish between Acid 1 and Acid 2.You should include
the expected results

[1]

(vi) Draw the structural formula of the alcohol that can be oxidised to form Acid 2.

[1]
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(b) Spectragive much information about the structure of organic compounds.

The mass spectrum and infrared spectrum of ethanol, C,H;OH, are shown.
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(i) What can be deduced by the presence of the peak at m/z 46 in the mass spectrum?

[1]

(ii) What can be deduced by the presence of the peak at m/z 15 in the mass spectrum?

[1]

(iii) What can be deduced by the presence of an absorption peak at 3100 to 3500 cm—1 in the
infrared spectrum?

[1]

(c) Ethene can be converted into ethanol and ethanol can be converted into ethene.
For each conversion, state the reagent(s) used and the conditions needed.
[4]

ethene to ethanol

ethanol to ethene

(Total 14)

4. This question concerns isomers with molecular formula CsHygOa.

@@ Isomers P, Q, R and 5 all react with agueous sodium carbonate to produce carbon
dioxide.

Isomer P 15 a straight-chain compound.
Isomer ()} contains a chiral carbon centre.
Isomer R has only two peaks in its NMR spectrum, both of which are singlets.

Diraw the displaved formulae for all four isomers. [4]
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(b) Isomer T is a neutral, sweet-smelling compound and is formed by the reaction between
compounds X and Y in the presence of concentrated sulfuric acid.

Compound X has an absorption in its infrared spectrum at 1750 cm-' and a broad absorption around
3000 cm-".

Compound Y can be formed directly from ethanal.

(i)Use all the information given to name compounds X and Y, giving your reasoning. Draw the
displayed formula for isomer T.

[4] QWC [2]
(i) I. State the reagent needed to form compound Y from ethanal

[1]

Il. State the role of sulfuric acid in the formation of T

[1]

(¢} Isomer U has the structural formula shown below.
o
|

List the peaks which would be found in the NMR spectrum of isomer U. Identify which
protons are responsible for each peak, giving the approximate chemical shift (ppm) and
the splitting of the peak. 4

(d) Explain which one of isomers P, T and U would have the highest boiling temperature.

[3] QWC [1]

(Total 20)
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(N 1 mark for arrows in first diagram; 1 mark for arrow in second diagram;
1 mark for all charges

T i | g
C=—C—H —*H-—C—C-H — H_(lz_(% ay
H H H Br
H—'CT%Ir &_j
8+ i~ Bre
2 max if incorrect isomer given [3]
(i) 2-bromopropane formed from a secondary carbocation (1)
secondary carbocations are more stable than pnmary carbocations (1)
[2]
Empirical formula = CsHsBr (1)
Molecular formula = CsHsBr
(must show use of mass spectrum to gain this mark) (1)
Two molecular ion peaks as there are two isotopes of bromine (1)
Peaks at 15 = CHs* and 41 = CsHs* (1)
550 cm™ = C-Br 1630 cm™ = C=C 3030cm™ = C-H (1)

Molecule is:

Br CH,
N
L N ) 6]
H H

QWC: legibility of text, accuracy of spelling, punctuation and grammar, clanty
of meaning [1]

Total [12]
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(iv)

(vi)

Mass C = 1.79 = 12/44 = 0.488 (qg) [1]
Mass O = 0.65 (qg) ecf from part (i) [1]
C:H:0=0488/12:0061/1 :065 16 =0.0407 : 0.061 - 0.0406 (1)
= 2:3:2 empirical formula i1s CzHz0z (1)

Mo ecf from incorrect ratios [2]
Mr of empirical formula = 59 so molecular formula is C4HeO4 so

F is acid 2/ molecular formula acid 1 i1s CsHz0zs0 empirical formulais
not CzHz0z molecular formula acid 2 is C4HeO4 s0 empirical formula is

CzH:02 [1]
Bromine turns from brown/red-brown to colourless for Acid 1 [1]
i R
B H H H
[1]
Mr [ molecular ion (is 46) [1]
CH: (present) [1]
OH (present) [1]

Ethene to ethanol: steam (1)

H:POu (catalyst) (1)

Ethanol to ethene: conc HzSO4/ AlzO2/ pumice (1)

High temperature = 150°C for H2504

= 300°C for AkOz/ pumice (1) [4]

Total [14]


https://stemup.co.uk

i}

Plz

@k

Ris

5 ls

i

i

0

oH
CH o
mc—ml—é—d{" i
| Mo
H
lIIl|:|
HC— ()
Ly o
CH, o
H}O—{!H—[:I'I-J—ﬂf":; i
OH

[4]

T newtral and sweet-smelling therefore an ester (1)

Infrared spectrum at 1750 cm™ shows C=0 and at 3000 cm™’ shows
O—H therefore X Is an ackd {1)

¥ Is an alcohol, formed from efhanal must be ethanol (1)
5 carbons In ester thersfore X must be propanols acid (1)
Srechme of T Is

A
Sy “L;_i_ﬂ

i1

[Maximum 4 marks) [4]
QWC Legility of text; accuracy of spelling, punctuation and

grammar, clarity of meaning (1)
Sekection of a form and style of writing appropriae io purpose

and to complexity of subject matier (1) 2]
Reagent to form ¥ 15 NaBH, | LIAH, [1]
Sufurc 3ok acls as 3 ﬂ-ﬂm’ﬁ.‘ remaoyas water so PI.IEJ'IE'E

equéilbrium to night [1]
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[

()

CH4CH:) 0.1 to 2.0 ppm triplet [1)

[CHa)CH-O 3.5 to 4.0 ppm quadrupiet (1}

CH.CO 2 5 to 3.0 ppen singiet (1)

CHLCO 2 0 to 2.5 ppm singlet (1) [4]
Isomer P 1)

Only P can form hydrogen bonds bebween mokecules 1)
Hydrogen bonds are the strongest Intemmolecular bonds / need Mone enengy

1o break hydrogen bonds (1) 3]
@WC The Information is onganised cheany and coherently, using speciallst

vocabulary where approoriate [1]

Total [20]
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