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30 Which reaction mixture produces a nitrile? o . . . .
30 Compound X, C;H44ICl,, is dissolved in ethanol and the solution mixed with warm aqueous

A halogenoalkane with KCN in ethanol silver nitrate.

B halogenoalkane with NH; in ethanol A precipitate is seen immediately.

C ketone with 2,4-DNPH compound X
D carboxylic acid with NH3 in water CH,CI

Cl f
I

What is the colour of this precipitate and what is the structural formula of the first organic

product?
colour of structural formula of
the precipitate the first organic product
CH,CI
HO
A cream
OH
CH,OH
HO
B cream
OH
CH,OH
HO
C white
I
CH,CI
Cl
D yellow
OH

31 1,4-dibromobutane reacts with an excess of ethanolic sodium hydroxide until no further reaction
takes place.

What is the relative formula mass of the major organic product?

A 54 B 56 C 74 D 90

® ®
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27 Structural and stereoisomerism should be considered when answering this question.
A mixture of 1-chlorobutane and 2-chlorobutane is heated with an excess of NaOH in ethanol.

How many different organic molecules will be produced?

A 1 B 2 c 3 D 4

30 An organic ion containing a carbon atom with a negative charge is called a carbanion.
An organic ion containing a carbon atom with a positive charge is called a carbocation.
The reaction between NaOH(aq) and 1-bromobutane proceeds by an Sy2 mechanism.

What is the first step in the mechanism?

A attack by a nucleophile on a carbon atom with a partial positive charge

B heterolytic bond fission followed by attack by an electrophile on a carbanion
C heterolytic bond fission followed by attack by a nucleophile on a carbocation
D

homolytic bond fission followed by attack by a nucleophile on a carbocation

A-Level Chemistry: w25 21

Cycloalkanes show similar chemical properties to alkanes but have the same empirical formula as
alkenes.

(a) Define empirical formula.

(b) Cyclopentane, C5H,,, has four cyclic structural isomers. One of these isomers is C, shown in
Fig. 3.1.

Complete Fig. 3.1 to show two other cyclic structural isomers of CH, .

cyclopentane C

O

Fig. 3.1
[2]
(c) Cyclopentane reacts with Cl, in the presence of ultraviolet light to form C;HyCL
(i) The reaction is initiated by the bond fission of Cl,.
State the type of bond fission shown in the initiation step.
..................................................................................................................................... [1]

(ii) Complete the equations to show the two propagation steps that follow the initiation step.

propagation 1 CgHig+ o > CgHg* + e
propagation 2 CgHge + oo s
[2]
(iii) The final step is shown.
CgHge + Cle — CgHGCl
Give the name for this step in the reaction.
..................................................................................................................................... [1]
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(d) Fig. 3.2 shows a reaction cycle involving cyclopentane, cyclopentene and C;H,Cl.

O

AH,
reaction 1 reaction 2
H, Ch
_ -1
AH4 = -53kJmol ci
—»
reaction 3

Fig. 3.2

(i) Identify a suitable reagent for reaction 3.

(ii) Use the data in Fig. 3.2 and in Table 3.1 to calculate the enthalpy change of reaction 2,
AH,,.

Table 3.1

enthalpy change of

compound combustion, AH_/kJmol"

-3292

O
Yy

H, 286

F S kdmol-" [2]
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(e) Cyclopentene, CzHg, reacts with hot concentrated acidified KMnO, to form compound W,
C:H,0,.
5'18~4

(i) Draw the structure of W.

(1]
(ii) The infrared spectrum of W is shown in Fig. 3.3.

100

transmittance /% 50

0 e —
4000 3000 2000 1500 1000 500
wavenumber/cm™"

Fig. 3.3

Identify two absorptions in the infrared spectrum of W that would not be present in the
infrared spectrum of cyclopentene.

*  Write 1 or 2 on Fig. 3.3 against each of these two absorptions.
*  Complete Table 3.2 to show which bond is responsible for each absorption that you
have identified in Fig. 3.3.

Table 3.2

absorption 1 2

bond responsible

(2]
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Table 3.3
bond | functional groups containing the bond characte_nstlc infrared absorpt|_c1)n range
(in wavenumbers)/cm

C-O | hydroxy, ester 1040-1300
C=C | aromatic compound, alkene 1500-1680

amide 1640-1690
C=0 | carbonyl, carboxyl 1670-1740

ester 1710-1750
C=N | nitrile 2200-2250
C—-H | alkane 2850-2950
N—-H | amine, amide 3300-3500
O-H carboxyl 2500-3000

hydroxy 3200-3650

[Total: 13]

A-Level Chemistry: w25 21

Fig. 4.1 shows a possible synthesis of propene, C;H;.

reaction 1 reaction 2 reaction 3
C,H,COOH ——» C,H,CH,OH ——» C,H,CH,CI —— C;H,
NaOH
Fig. 4.1

(a) (i) Identify the type of reaction that occurs in reaction 1.

..................................................................................................................................... [1]
(ii) Suggest a suitable reagent for reaction 2.
..................................................................................................................................... [1]
(iii) Reaction 3 is an elimination reaction.
Write an equation for this reaction and identify the solvent and conditions used.
1= U= (T o OSSPSR
solvent and CONAILIONS ........oiiiiiiiii ettt e e et e e e e eae e
[2]
(iv) C,H;CH,OH can be directly converted to C;H;.
Suggest the reagent and conditions for this conversion.
..................................................................................................................................... [1]
(b) Under suitable conditions, propene polymerises to form poly(propene).
Poly(propene) exhibits stereoisomerism.
(i) Identify the type of polymerisation that forms poly(propene) from propene.
..................................................................................................................................... [1]
(ii) Define stereoisomerism.
..................................................................................................................................... [2]
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(iii) Draw a section of poly(propene), showing two repeat units.

Use your diagram to identify the type of stereoisomerism shown by poly(propene).
Explain your answer.

section of poly(propene)

(3]

(iv) State two difficulties associated with the disposal of poly(propene).
SRS PRSI
T TP ST PP URPUPROPRN
(2]
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(c) Under different conditions, two molecules of propene can combine to form compounds X and Y.

X Y

X

(i) Name X.

(ii) Fig. 4.2 shows the mass spectrum of either compound X or compound Y.

100+

80

60
relative abundance

40+

20+ ‘
A

0
10 20 30 40 50 60 70 80
mle

Fig. 4.2
Identify which of X and Y gives this mass spectrum.

Give one reason for your answer, referring to the fragmentation pattern.

(iii) The molecular ion peak in the spectrum in Fig. 4.2 has relative abundance 34.7.

Calculate the relative abundance of the [M+1]* peak in this spectrum.

relative abundance of [M+@peak e



Name:

- - - - - - - - - - - 0'8€T (%54 o0zee -
wnpusime| wnyagou wniAejepusw wnjuwey wnueisuie wnjuioyeo wnyaxeq wnuno wniouswe wnuoynid wnyumdau wnjuein wnupoejoid wnuoyy wnyupoe
I ON PN wH s3 10 g wo wy nd dN n ed iR oY splounoe
€0} 201 oL 00} 66 86 16 96 G6 6 €6 6 16 06 68
0'GLL LeLL 6891 €291 6791 gz9l 6851 €481 02sL 051 - [Aa44) 6°0vL L'ovlL 6'8¢l
wngein wnigiepk wnyny wnigie wniwjoy wnisosdsAp wnigiey wnuoped wnidoine wnuewes 1 wnuso wnueyue|
ni aA wj 13 OH Aa qL PO n3 ws wd PN id Ere) eq sploueyjug|
173 0L 69 89 19 99 S9 9 €9 29 19 09 65 85 15
wossoueBo | eussauusy | wnuouwseny | wnnoosow | wnmoy | wnwoyu o o5 o s wnssey whioq | wnBogess | wnwanp | wnpiopeun wnypes wnouey
60 sl Al oN 14 UN uo | sa W SH ug bs qa 4 soupe | BY SE|
8Ll Ll 9L Gl i €h 443 L 0L 601 801 101 901 S0 oL €01-68 88 18
- - - - 0602 c'L0T ¥'¥0T 9002 0261 1'g61 226l 206l 298l 8'€8l 6°081 g'8LL €LEL 62el
~ uopes aupejse wnojod uinwsiq pes| wnjey Aunosew plob wnuperd wniput wniwso wniuey uaysbuny wnjeuey wniuey wnyeq wnisees
& uy W od S| ad 1L BH ny | i1 SO 8y M el H spioveuuel eg sO
W 98 S8 8 €8 28 18 08 61 8L 1L 9/ GL vl €L zL L1=LS 95 SS
.W. €LleL 6921 921 8'1zh L8l L2479 1 &41% 6201 901 6201 [0 - 6'56 626 Z'l6 6'88 9'/8 G'S8
R uousx Buipo; wnunya} Auownue un wnipur wnjwpes JoAIS wnipejed wnipoy wnusyn wnysuyoe) wnuspgkjow wnigoiu wnjuooz wnumk wnyuons wnipigns
m aX I al as us ul PO By Pd ud ny ol ON aN 1z A IS qd
(@) s €S s LS 0s (94 8y yag ki4 14 144 (a4 ta4 34 or 6¢ 8¢ £
°© 8'€8 6'6L 0'6L 6L 9cL 169 ¥'S9 G'€9 185 685 8'6S 675 0es 6°0S 6Ly [k14 Loy L'6€
F uojdhiy suiwoiq wniuepes owesie wniueweb wnyeb suiz 1eddoo e g0 uost eseuebuew wniwoiyo wnipeuea wnuey wnipuess wniojes wnissejod
-
< M ig ES) sy 99 eo uz no IN 0D EE| Un 10 A 1L oS eD A
9€ g€ e €€ € e [ 62 8C x4 92 P14 174 €2 [44 74 0z 6l
66 g'6e (4 ole [%:74 0'le k74 o€z
uobie suolp myns | snioudsoud | woons wnne 43 L oL 6 8 L 9 S 14 € wnseubew | wnipos
Iy 10 S d IS v BN EeN
8l L 9L Sb 143 €l I3 113
44 06l 091 ['h4% 0zl 801 SSEW dlwoje aAne|al 06 69
uosu suuony uabAxo usBonu uoques uosoq sweu wnykieq wniyy
oSN E| (0] N o] d |oqwis olwoje og n
oL 6 8 L 9 S Jaquinu olwoye b €
oy ol
wniey usBoiphy >®!
oH H
k4 13
TR c |
dnoig
sjuswa|g jo a|qe] d1pouad ayL
X
™
N~ =
N O
o
° 0
T o Q
e S|s
xE| X
S| o |~
S N |T
(7] Q| = | X
T TOo|m <
© s Ele | o
T + 9 I
< » 2 5| ®
] o= —
b - © © n/_l .
(] 1 - RN
I = | - - ~
8§ T 7 |25 |lo|LL|E|-
10 S | 5| E s |oo|ls |
2 © o o e|2 EE|Y X
2 " e 1) | | -
5 - el ST RN O | ™ o |
£ c | |©9|o|~ | EE|~| D
@2 .m X || x| © O X MA
g2 Z8]81835/8|3
o )
S 6 |@|g|lo|2|NJ ==
s © o_p_.v oo | I |uwu|n|<
@ ) [N ENTR T £ € I
= 2
T 9§ |xjw|a|jo|>>|X o
©
>
€
s [5)
£ 2
<) [
o s
m Y
£ S}
—
-
c|_|E S g s
SIE|(S| 9w 3| a
| S| |2 0 5| S
Sl o| S| ©| o ©
Qlc|o|L& Bl =
Ol | O0|C € S %
@S| olo|2 T | c
O || ¢ [e) le)
Ol ®| Bl > S| O
o] O 2] < Q| =
Tl | DG S 0| ©
S| =] O ° = | O
Ol G| S|®|© c| g
Elw | <|o| E o »



