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infra-red speechum of 2-hydroxypropancic acid, CHgEl:HC:IDEJH
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Organic compounds can be distinguished using chemical tests and analytical technigues.

(a) Table 3.1 shows four pairs of organic compounds.

Table 3.1
positive result of
organic compounds reagent chemical test on
identified compound
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(i) Complete Table 3.1 to:

» identify a reagent which can distinguish between the compounds in each pair
# give the positive result of the chemical test and identify which compound shows this

result.
Use a different reagent for each test.
(iiy A1 and A2 are structural isomers.

Define structural isomers.

(iiij Give the systematic name of B2.

(iv) Deduce the molecular formula of D1.

(b) D2 forms polymer £ when heated gently.

(i} Identify the type of polymer that forms from D2.

(i) Draw one repeat unit of polymer Z.
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(e} Organic compound E contains three carbon atoms.

E reacts with cold dilute acidified KMnO,(aqg) to form a single compound F with M, = 154.9.

Fig. 3.1 shows the infrared spectrum of E.
Fig. 3.2 shows the infrared spectrum of F.

E
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Table 3.2
bond | functional group containing the bond | characteristic infrared absorption range
(in wavenumbers)/cmr!
C-0 | hydroxy, ester 1040-1300
C=C |aromatic compound, alkene 1500-1680
C=0 |amide 1640-1690
carbonyl, carboxyl 1670-1740
ester 1710=-1750
C=N nitrile 2200-2250
C-H |alkane 2850-3100
N-H |amine, amide 3300-3500
O-H |carboxyl 2500-3000
hydroxy 3200-3650

Both spectra show absorptions between 2850 and 2950cm™ owing to C—H bonds in each

molecule.

(i

(i)

(i)

Use the two infrared spectra and Table 3.2 to identify the functional group present only
in E.

Explain your answer, referring only to absorptions at frequencies greater than 1500cm-".
IOzl RO it T v v e S e S e S e e A S

explanation .. ‘(f\')@/\ ....... WA M"‘)e@/\ ....... \goo—- (éoo ...........

Use the infrared spectrum of F to identify the functional group formed when E reacts with
cold dilute acidified KMnO,(aqg).
Explain your answer, referring only to absorptions at frequencies greater than 1500cm".

The mass spectrum of E shows a molecular ion peak and an M+2 peak of approximately
equal abundance at m.f? =120 and 122.

Deduce the relative molecular mass, M, of E.

(iv) Use the information in 3(c) to suggest a structure for E.
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(v) Complete the equation for the reaction of E with cold dilute acidified KMnO,(aq) to form F.

In the equation, [O] represents cold dilute acidified KMnO,(aq).

s ChRecH=CH, . (i o CH (OW) CUL(GH)

H,O + [0] +

(d) C2 can be synthesised using A1 as a single organic reactant.

Al c2
O o
Devise a multi-step synthetic route to form €2 from A1.
Identify relevant reagents and conditions, and state the organic products of each step.

'\o\'\’e/z}isf \N/w'h\ ...... MQCN)«os ..... NS Tt
S o e



§ Laclones are cyclic esters. Under suitable conditions, lactones form from molecules that have both
an alcohol and a carboxylic acid functional group.
Equation 1 shows an example of the formation of a lactone.

a lactone

o o
b o
equation 1 — 0 + HO
cl OH
pa
Cn,

Fig. 5.1 shows the synthesis of lactone P from compound M.

° M S-hydroxyhexanoic acid
no— 2 hot concentrated 0 OH
acidified KMnO,(aqg) NaBH,
§ N c¥y —_—% P
o) reaction 1 reacion2 o~ ¢ ¢ P~ yreaction 3
< l‘l;_ 4 "l')_ 3

Fig. 5.1

(a) (i) M reacts with hot concentrated acidified KMnO,{aq) to form N, C.H,,0,, in reaction 1.

Draw the structure of M.
o ¥ o H ©
| \ I ! \ '
lo-c _c-¢c— ¢~ < —c-¥
[ | | \
H w M H

(1]
(ii}) N is reduced by NaBH, to form S-hydroxyhexanoic acid in reaction 2.

Construct an equation for reaction 2 using molecular formulae.
In the equation, use [H] to represent one atom of hydrogen from the reducing agent.

elaablisOonenadll e Col by B ssmansidh 0

{iv) Draw lactone P, the product of reaction 3.
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(b) A student monitors the progress of reaction 2 using infrared spectroscopy.

Use Table 5.1 to suggest why it is difficult to distinguish between N and 5-hydroxyhexanoic

Fcoph bt €20 09 o (hehel) bonds, M

Mo Mon S N LTY Y
Ml«"\:L;:S( 71\9 '\.Ssl-(v'\;u"-sk‘&"e “€ 3 O\P [2]

Table 5.1
bond | functional group containing the bond | characteristic infrared absorption range
(in wavenumbers)/cm-!
C-0 | hydroxy, ester 1040-1300
C=C | aromatic compound, alkene 1500-1680
C=0 |amide 1640-1690
carbonyl, carboxyl 1670-1740
ester 1710-1750
C=N | nitrile 2200-2250
C-H |alkane 2850-3100
N-H |amine, amide 3300-3500
O-H |carboxyl 2500-3000
hydroxy 3200-3650

(€) Unknown lactone Q is analysed using mass spectrometry.
Table 5.2 shows information from the mass spectrum.

Table 5.2
peak mie abundance
M+ T2 955
h+1 73 315

Use these data to deduce the structure of Q.
Show your working.
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4 Compound V is a liquid. LW 06 ol X B Bt e e T e Wl (d) Fig. 5.1 shows the mass spectrum of ketone Z, C,H, 0.
M i i TRk S A B e S T A S b s W, X Iand ‘I’ are added separately to different reagents. Observations for these reactions are 100+ s7
: ydrog yg ¥ described in Table 4.1.
804 L—b(,C\‘\. —C ‘4 CO}
V has a relative molecular mass of 280. Table 4.1 s
. — g . o % abundance M f?"&(
(a) Calculate the molecular formula of V. Show your working. + 2 4-dinitrophenylhydrazine + alkaline L(aq) + Fehling's reagent and warm 40+ 9
t A =M
C ‘ L} O 0= Z%o 2 w orange precipitate seen no change orange-red precipitate seen A\S%QQ 20 L{Cusc L\A
‘ : - X orange precipitate seen yellow precipitate seen no change e | s e e s
Wz 4O 1|4 ll('ﬂ\—\ \C +16 Y orange precipitatd Been 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
| \ mie value
L \Q (i) W, X and ¥ each contain a common functional group.
Fig. 5.1
. @ HS;S . ”’1 - o 7 I 2§>$ 07 | )«g Mame the functional group that is present in all three compounds.
© Use the information in Fig. 5.1 to suggest the formulae of the fragments with m/e peaks at 29
Con Do 1 and 57. Deduce the identity of Z.
q . e | ik B asEe (o |Jf5 O ™ QOO o AT N e ... (1]
- - ~. = =% T3 [B] [(.\4 cu
(i) State the formula of the yellow precipitate produced when X is added to alkaline 1,(aq). G 2 H’ """"""""""""""" B S e i
. . S CH _L mie =57 ..... [CﬂéC\‘\ Cu C-Ol .............................................................................
(b) V contains two types of functional group: a carboxylic acid and an alkene. e e s (1] 0\ ?>
identity of Z ...}~ V17,5 \ . SR Ot e e e S oS e MO sy
(iii) W could be one of four structural isomers. [3]

(i) Describe a chemical test and observation which confirms the presence of a carboxyl
functional group. e Draw the skeletal formulae for two possible structural isomers of W. [Total: 14]

A&&N¢L®B(ﬁ\ ). GW&( YexCehse..... 5’& Bﬁb u~u e, ¢ Describe the type of structural isomerism shown.

o )
(ii) A 3.196g sample of Br, reacts completely with 2.800g of V. I \!
6\13—C\|: CP‘—G)—(,——H C\—\,\’—Clll‘c\:\ -C -\

Calculate how many alkene functional groups are present in one molecule of V. Show L% |

your working. c ¥ 3

ﬂ'?\( 2 g < o.o\ 2&(2_ ch«/Q w:)ﬂl\ \\/

isomer 1 isomer 2
,\(‘B 2, - 3. l‘iﬁ; - 0.0 type of structural isomerism
’ 2.
lfﬂﬂ number of alkene functional groups inV = ... 11 L L‘/\oll& _______ LN ST ettt ese e



