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L(J"\ ) 9 e}\'\ \ ' O H® slkane (1) ~CH,, ~CH,~, >CH- 0.9-17
S  ConsideN ol . — \‘| : alkyl next to C=0 CH,-C=0, -CH,-C=0, >CH-C=0 2.2-3.0
o - C — < —O- ]’\ alkyl next to aromatic ring CH;-Ar, -CH-Ar, >CH-Ar 23-3.0
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NO (n GE ~_/ S ) C e,J\\/n(of\ \/5p3 @ alkyl CH,-, CH,-, -CH<, >C< 0-50
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|
C_’ \5 N M ﬂ a% le‘\M\o« — |" | sp’ next to carbonyl/carboxyl C-COR, C-OR 30-65
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200 180 160 140 120 100 80 60 40 20 O iz il S P e 110-160
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(b) Ethanedioic acid can be converted into ethanedioyl chloride:

(d) When pure L is reacted with an excess of CH,OH, a mixture of three compounds is formed.
HO,CCO,H — CIOCCOCI

L and CHOH = M and N

and 0
(i) State a suitable reagent for this reaction (C.0:) (CH,0,) (C.H,0,) (C,H:0,)
1 Ui IS I | ' .
PC Q w¥o‘g \ﬁ‘f;g estes entes
................... o B B e e S S e ]

M is formed as one of the products when either N or O is heated with agueous acid.
(i) For the reactions of ethanedioyl chloride below, suggest the structures of compounds J

and K and draw them in the boxes.

The table gives information of the peaks recorded in the carbon-13 NMR spectra of M, N and O.

o 4]
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(c) When ethanedioyl chloride is reacted with silver ethanedioate, AgO,CCOAg, in ethoxyethane

at -30°C, an oxide of carbon, L, is formed. The molecule of L has no overall dipole and has
molecular formula C,0,.

The carbon-13 NMR spectrum of a solution of L in ethoxyethane, CH,CH,OCH,_CH,, is shown

below.

& (ppm)

(i) Usethe Data Booklet to state in the boxes below the & values for the peaks in the spectrum
which are due to the carbon atoms in ethoxyethane.

® O]
CH,——CH,

O] (>
O CH CH

& values 'S csS

2 3

S| |[IS

[]

(ii) Explain what the rest of the carbon-13 NMR spectrum indicates about the structure of L.

compound | ..o 13 NMIR spectum
M 6162 Coo
N 653 5160 &162
(8] 653 &160

(i) Suggest the structures of M, N and O.

Coexd b O

(o] @ v} 0
non W
Ho-C —c -oH uo—c—C-o—Cl—l3
M, (C.H.0,) N, (C,H,0,)

o o
LTI

NC- ¢ -c- ©-cH,

0, (C,HO,)

(ii) Suggest a structure for L that fits all the data given in (c) and (d).

o\
o= C/ C-—o
( I
0';('\ C=0O
o~
L, (C.,O;)

3. C r\eJ bo (zo lép//g_ COO

[3]

[1]



Compound F is a carboxylic acid.

(a) Compound F contains 31.4% oxygen by mass and its mass spectrum has a molecular ion

peak at m/e = 102.

Use all of this information to show that the molecular formula of compound F is C.H,O..

Show all your working.

S
IM o) - 32028 — % 2 O Jor

loo

(‘c;?— ’El = 70 - SCO’) = (o - \Aar&{cﬁ%

\Y4

SC

(b) There are four possible structural isomers of C.H,,0, that are carboxylic acids.

(i) The first isomer has been drawn.

Draw the skeletal formulae of the three other structural isomers.

@ O
®
o |l .
5 >
%6 0 = oM
isomer 1 isomer 2
2}
© o )
\/\/\\ N oH
5> ol
© ® 6
isomer 3 isomer 4

(ii) State the systematic name of isomer 1.

2 - f‘d’ ‘ lo‘}ml\o'\c o\d&

[1]

[2]

(c) F is one of the four structural isomers in (b)(i). A carbon-13 NMR spectrum of F is shown.

@_’W\S

. I r |
180 160

T | T

| T | '
140 120 100 g0

) &/ppm
2, C@N«u\mﬂ\;

() Use the spectrum to identify isomer F. Draw its structure in the box below.

IR TR
60 40 20

o
é‘: ,-o'\ﬁf \71

0
C — (\,—O YY)

C”& L

[1]

(i) Use the Data Booklet and your knowledge of carbon-13 NMR spectroscopy to identify the
environments and hg.rhridisatic:ns of the carbon atoms I'EEPOI'ISiHE for each of the three

absorptions.
environment of hybridisation of
&/ppm Ptiibebiogdiid S Feitin Ea
5
27 ARyl (04,2 s
- f\u}f b Cﬂ‘owt\(c-@oa) 5?5
U L
7 | oo (Bocod) | P
U 7

|



(d) G is another of the four structural isomers in (b)(i). The proton NMR spectrum of G is shown.

AN
¢ “e,csfo (co
G ©
otk Ol M
I i
LL_@. TMS

i e i i i e . P
g8 v 8 5 4 3 2 1 O

&/ ppm
'LI - ]']’ e {of\m

(i) Use the Data Booklet and the spectrum to complete the table below.

| TR R B
12 11 10

o0 —

The actual chemical shifts for the four absorptions in G and the splitting pattern at
& = 1.6 ppm have been added for you.

&/ppm type of proton number of protons | splitting pattern

09 | Mone () c Joublet

1.6 A one ((,\4\ ( multiplet
24 |Wahbe=o| 3 Jolblot
11.5 AU,\,\D\ (ol/\) ( st\J(

(ii) Deduce which isomer is G and draw its structure in the box.

[4]

oH

G

[1]

(e) Mame or give the formula of a suitable solvent for obtaining a proton NMR spectrum.

__________ CD[,-Qg, [1]

[Total: 13]

{c) Compound H is a primary amine which has three peaks in its carbon-13 NMR spectrum.

0 e, ©

C\A\s H UC— (CD\»\- qu‘CﬂL’%us
e | 4 O @ & o O *
lc - fo -ch, H,C—CH,—C—CH,—CH, Wi,

MNH
éq)»““) : Nu-c_ql— CL\I —C(—L‘CL}}
compound H o) ©) ® @

(i) Anisomer of His another primary amine J which also has three peaks in its carbon-13 NMR

spectrum.

Use this information to suggest the structure of J.

Y,
(

LI:SC - C_ —-C)—\s

(
ci, NI, .

(i) Another isomer of H is the tertiary amine K. It has three peaks in its proton NMR spectrum.
One of the peaks is a doublet.

CH,

|
HJC—N—CH—@

K

Circle the protons responsible for the doublet. [1]

Motal- 121

(e) Use the Data Booklef to help you answer this question.

The carbon-13 NMR spectrum of K was recorded.

]

(i) The chemical shifts, 5, due to two of the carbon atoms x and y present in K are given in

the table.
carbon atom & ppm
b 130
¥ 170

On the structure of K, circle and label two carbon atoms which could correspond to x and y.

(1]



i 8 c) F was dissolved in deuterated trichloromethane, CDCI,, and the proton NMR spectrum of this
& Compound F contains the elements carbon, hydrogen and oxygen only. All carbon-carbon bonds (c) 3 P P (d) Molecules of cycloheptadiene, C.H,, consist of a seven-membered ring with two

::;J;;;a;r:gl:c g:r;ds. The structure of F was analysed by mass spectrometry and infra-red and solution obtained. e T B
b
(a) The mass spectrum shows that the m/e value for the M peak is 90. | " () Complete the Ek'E'ECt;! formulae of two isomers of cyniohg)ptadiene.
A-3
The ratio of the heights of the M and M+1 peaks is 22.1:0.7. 50 @ ® 1) ®

(i) Use the ratio of the heights of the M and M+1 peaks to calculate the number of carbon
atoms in a molecule of F.

2.1 Lo Y, L ® ©) @ ®
[oo %(lﬂ, A_-;\L At v pe ”’

21 N Sl @ 0 ® (&
ne 2.2 3 3 [||| QTS P Q
= 7 ' % g " 1 "ok’ L BN | A 1
number of carbon atoms = ... ... [2] 4 13 12 11 10 9 8 ; 5 2 1 0 (1]
(i) Suggest the molecular formula of F. 11 &/ppm ' ; The isomers P and Q were analysed using carbon-13 NMR spectroscopy.
- Noren en Vo»’\!‘\&\)
9o - 30)’) < SH (i) Use the Data Booklet and your answer to (a)(ii) to complete Table 1 for the proton NMR (ii) Predict the number of peaks that will be seen in the carbon-13 NMR spectra of P and Q.
SH- 30@ . é spectrumof F. . o
molecular formula = l{:‘,‘,> HG 03 [1] The actual chemical shifts for the four absorptions in F have been added for you. P number of peaks
Table 1 P 4
{b) The infra-red spectrum of F was obtained. Q 1’(
Use the Data Booklet and your knowledge of infra-red spectroscopy to identify the type of bond &/ppm type of proton relative peak area (2]
and the functional group responsible for these three absorptions. A D& K 3
absorption/cm™' | appearance of the peak type of bond functional group 29 alKn\ :;,(\ o M’U‘Jﬁ*' l
3350 broad and strong O - H J L\ l
aho 47 A (Cat\ol f
2680 very broad and strong O_ H Cw(L)o;(,., ‘
J 129 | Corloggulic |
1725 strong C=0 EOX/'I \ 7‘”:\) ]

(2]
(ii) Describe and explain the splitting pattern for the absorption at = 1.4.

8 Characteristic infrared absorption frequencies for some selected bonds 'I‘\' e M \J’ 'H\L {\@1]\/\ bb\)v/\/\g C 0\9?77\/\/

Bond  Functional groups containing Characteristic infrared absorption J \,\C/‘/
the bond range (in wavenumbers)/cm™ : N\% O S\ - [1]
it L oL i i (iii) F was dissolved in D,O and the proton NMR spectrum of this new solution obtained.
C=C  aromatic compound, alkene 1500-1680 Two of the absorptions in Table 1 were not present in this spectrum.
C=0  amide 1640-1690
carbonyl, carboxyl 1670-1740 Which absorptions were not present?
ester 17101750 J/] 7 2 i
C=N nitrile 2200-2250 ST LA T End l,’ [1]
Sl M il (iv) Suggest the structure of F.
N=H amine, amide 3300-3500 )
O-H  carboxyl 2500-3000

N
hydroxy 3200-3600 ”5(‘ — C_H_ e 1 O"‘
l
OH

(1]



9 This question is about compound T, CHO,

(a) Part of the mass spectrum of T is shown.
The peak heights of the M and M+1 peaks are 33.9 and 3.4 respectively.

(i)

(ii)

(i)

100+
B0+
60
relative
intensity
40- M
20
I |
G T L T T I T T L T r L T T T ' T T T T I L]
50 5 100 125 150

mie

Calculate x, the number of carbon atoms present in T.
bo)g
339,

A= 4 N 2]

Deduce the molecular formula of T.

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

The mass spectrum has apeakatm/e=119. 150-117= 31 - C”.SO

|dentify the fragment lost from T to produce this peak.

......... CLJJC [1]
(G

(So - L\CP; )
h2 .%(\e\ o

(2]

S P

(b) The infra-red spectrum of T is shown.

100
transmittance |
% l |
7 N
[ e e e e s et T —
4000 3000 2000 1500 1000 500
wavenumber/cm™’
ldentify the type of bond responsible for each of the peaks V and W.
Use the Data Booklef to help you.
" Wy =] ., we (-0 . (1]
(c) The proton NMR spectrum of T in CDCL, is shown
N
5 Y @“Vv{of\“‘
Jilot IH
o F it
4H
)L
] | || I [ L | I I | | 1 |
11 10 g a8 7 6 5 4 3 2 1 0
&/ ppm
(i) Complete the table for the proton NMR spectrum of T.
Use the Dala Booklet to help you.
&/ ppm type of proton
39 -
4‘41{ ned o Jehroriie e&emwjf
7.2-79 1 v
279 {1 Hodd) Yo qremaic N\:} .

(iiy The peak at & = 2. 4ppm is due to a proton attached to a saturated carbon atom.
State the two mssu{ile types of pmtﬂn

1. "“4 ‘I\C’_Z‘- ............................... CV\f\J .........................................................

(iii) Adding D,0 to T does not change its proton NMR spectrum.

What does this tell you about the functional groups present in T?

..... l‘]'gomno}\'\a”aOHdLN\’\ (1]

{d) Use the information to draw two possible structures of T which are functional group isomers of

each other.
0
lol [l
[§§Z[C—O~C% C\cus
o)
My CH,

(2]



(a}

Two molecules of com nd F react togather under suitable conditions to form compound G,
Some information aboul compounds F and G is given.

= Tha mass specirum of F has a peak due o the molecular ion ai m/e = 108, and a peak at
mi/a = 107 with an abundanca 8% of tha 106 paak.

The mass spectrum of G has a peak due to the maolecular ion at mle = 212, and major
peaks atm/fe =91 and m/a = 105.

Baoth F and G contain oxygen and are newiral compounds which are insoluble in water.
The "H NMR spectrum of F includes a singlet peak at 4 = 10.0 due fo one proton. A ,(E
The "H NMR spectrum of G includes a singlet peak at 6 = 5.1 due to tao protons.

When G is heated with dilute sulfurc acid, benzclu: acid, C,H.,C0.H, and phanylmeathanol,
CH,CH,OH, are produced.

C-o0— cu,
LUse this information fo answer (i)—{wi). @ @

(i) Explain how the mass spectrum of F shows that a molecule of F confains seven carban
atoms. Show ]Inur wiarking.

| \w
\()Z)7<
w7010~ (C [1]

i} Suggestthe molecular formula of the fragmeant of G at mfe = 81.
CoH, "

(iiify Suggest the molecular formulae of F and G.

e CHo oA
G Ko

[2]
(iv) Suggest structures for compounds F and G.
F G
O
'® e
) O
[2]

{v) On the siructures you have drawn in (iv), circle the protons responsible for the "H NMR
peaks at 5= 100in Fand 4=5.1in G. [1]
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7 (a) Amino acids can be separated by thin-layer chromatography. A mixture of amino acids is
analysed using this technique.

(b} Amixture of three different compounds, J, K and L, was analysed by thin layer chromatography
using a polar stationary phase and a non-polar mobile phase. The three compounds all have
similar molecular masses. The resulting chromatogram is shown.

The chromatogram obtained is shown, drawn to scale. The table shows some R, values for
different amino acids in the solvent used.

—-solvent front N solverit front
. 1 . 5 .
4 = 3.$ _ 7| aminoacid R, value
N | S alanine 0.40
V2 3 a
- glutamic acid 0.29
3 =
' - | BR: - i; 0.3 | leucine 0.7
- ] R g
™ T i valine 0.61
0 _- g baseline
(i} Identify which spot corresponds to each compound. cm B
compound spot (i) Use the chromatogram and the R, values to deduce the amino acid responsible for spot A
and spot B.
J CH,COCO,H 2
K HO,CCO,H 2, \
L CH,CH,COCH,CH, l amino acid responsible for spot A ... G\JC,\‘/W/ ............................................................
(1 amino acid responsible for spot B U\&’\"W’\‘c—’\u& ..............................................
s 1
(ii) Explain your answers to (b){i). f,a“'(afy oD o\daoA 1)
( rD"ﬂg K e w\e,é' i j— " \a& p S ( H\M\ K WV\cQ L (ii) Asecond chromatogram of the same mixture is taken using a more polar solvent. S}bty\'()
............................................ 0. gk S o Tl L I T
S rot /LJ d " ss\t*a; (. e }\’W)"{Ve f; r }D ] Predict the effect on the R, values of the amino acids. Explain your reasoning.
............................ ot 0N SO en vt I STverded A UineflVe, msed o .

gﬁiﬁﬁé@rﬁﬂﬂn phae pf— ..... "A\J% _____ wHLe_ e)-@(abwww%&’b ...... o 11\N\"y‘6
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1 (a) An aldehyde, an alkane and a carboxylic acid, all of similar volatility, are mixed together. The
mixture is then analysed in a gas chromatograph.

The gas chromatogram produced is shown.

4 z
Y
absorption X
I | I 1
0 5 10 15 20
time/mins

The separation of the compounds depends on their relative solubilities in the stationary phase.
The stationary phase is a liquid alcohol. ro

(i) Complete the table to suggest which compound in the mixture is responsible for each
peak X, Y and Z. Explain your answer by reference to the intermolecular forces of the
compounds.

organic

peak compound

explanation

| Mg | Heg b enfeety Apde o

Y A&A"OBZ M\n@ ke JW\@OWJ and ?“"W\@"% &"VA@
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[2]

(ii)

(b) (i)

(ii)

A student calculates the areas underneath the three peaks in the chromatogram.

peak X Y Zz
area/mm? 19 32 47

The area underneath each peak is proportional to the mass of the respective compound.

Calculate the percentage by mass in the original mixture of the compound responsible for
peak Z.
_T e

M7+ 32 11

S

% of mixture responsible forpeak Z= ...............L.

. [1]
The mass spectrum of a halogenoalkane containing one chlorine atom or bromine atom
will show an additional peak at M+2.

State the isotopes of chlorine and bromine responsible for M+2 peaks.

37 2
chlorine C& veeeen..... bromine \())(

[1]
The mass spectrum of bromochloromethane, CH,BrCL has a molecular ion peak, M, at an
m/e value of 128. It also has M+2 and M+4 peaks.

Suggest the identity of the molecular ions that give rise to these peaks.

M peak [CH;W %(BGC&vJ**
M+2 peak [CH B 9\%( : ”Cll e
M+4 peak {C\J,Q\@VWC.Q

[2]



(a) An alkene, a carboxylic acid and a ketone, all of similar volatility, are mixed together. The
mixture is then analysed by gas chromatography.

The gas chromatogram produced is shown.

[ 3 J

absorption

0 5 10 15 20

time /mins

The separation of the three compounds depends on their relative golubilities in the liguid
stationary phase. The liquid stationary phase is an alkane. s POMI

(i) Complete the table to suggest which compound in the mixture is responsible for each
peak J. K and L. Explain your answer by reference to the intermolecular forces of each
compound.

peak

organic

compound explanation
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[2]

A student calculates the areas underneath the three peaks in the chromatogram.

peak J K L
area/mm? 46 18 28

(ii) The area undemeath each peak is proportional to the mass of the respective compound.

Calculate the percentage by mass in the original mixture of the compound responsible for

peak K. )
% K L:O et lo\é/
3+ 13146 :
% of mixture responsible for peak K = ‘ﬂé/ _____________ [1]




