2

Aluminium is a Group 13 element that forms a number of compounds.

Table 1.1

atom or ion number of protons number of neutrons

s /% [l
il 2> 34

(@) (i) Complete Table 1.1 to show the number of particles in each atom or ion.

(ii) Complete Figure 1.1 to show the electronic configuration of an aluminium atom.

vyl W eldel 120 U

S . J 8 A
1s 2s 2p 3s 3p

Figure 1.1

(b) Deduce the formula of aluminium nitrate(V).

..... .-"....Ij...(:MQ:‘I.).?;.....................................................................................................

(c) AICL, dimerises to form AL,Cl,. Al,Cl is shown in Figure 1.2.

\/\/
/\/\

Figure 1.2

(2]

(1

. [

@iﬁ how coordinate (dative covalent) bonds form when two AlCL,, molecules combine

to form AL,Cl,.

ﬁ?ﬂnfn?(‘@@ptv%fuf%mmvf/—\[

the Jﬂ\w pnol 2 el
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(d) Aluminium forms the AILCL," ion. The dot-and-cross diagram for ALCl,~ in Figure 1.3 shows
the arrangement of outer electrons.

(i)

(ii)

s

Figure 1.3

Use Figure 1.3 and VSEPR theory to name the shape of the AICl, ion and to predict

the C1-AlL-Cl bond angle.

name of shape /fwfm)uﬁéfﬁ/(_,

bond angle /Oﬁwtu

(2]

Draw the three-dimensional shape of the ALCL,~ ion.

(_‘/{({ltl A_f\

T

Cf

4

C - [1]

[Total: 8]
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(@) (i) Nitrogen, N,, contains sigma (o) and pi () bonds.

Describe how a pi (i) bond is formed.

[/
S W
..................................................................................................................................... [2]
(ii)) Explain the lack of reactivity of nitrogen.
b
- L ‘FU/U=A/ _____ B
..................................................................................................................................... [2]
(b) Nitrogen is used to manufacture ammonia, NH,, in the Haber process. An iron catalyst
is used.
(i) Complete the reaction pathway diagram in Figure 2.1 to show the effect of adding an
iron catalyst to the reaction of nitrogen and hydrogen.
A
N, +3H, fx’bé?t\byécaf
energy
/kJmol~"!
2NH,
o
progress of reaction
Figure 2.1
(1]

(ii) State the temperature and pressure used in the Haber process.
]

temperature = Z/

PrESSUre = .o W\Jaat’”/* ..................
(2]

_
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(c) The equation for the Haber process is shown.

N,(g) + 3H,(g) == 2NH,(g)

Three separate experiments are carried out using mixtures of N,,(g) and Hz(g} to find the
amount of NH;(g) produced at equilibria under different conditions.

(i) Inexperiment 1, 3.55mol of N,(g) and 8.60mol of H,(g) are mixed and left to

reach equilibrium.

At equilibrium, 3.24 mol of NH, is present.

Complete Table 2.1.

Table 2.1
N,(g) H,(g) NH;(9)
initial amount/mol 3.55 8.60 0
change in amount/mol [_) /Nm (-) Q() 3.24
amount at equilibrium/mol /\C} ‘5 7; )u, 3.24

-

[3]

(ii) In experiment 2, under different conditions N,(g) and H,(g) are mixed and left to

reach equilibrium.

Table 2.2 shows the amount, in mol, at equilibrium of N,(g), H,(g) and NH,(g).

Table 2.2
N,(9) H,(9) NH,(g)
amount at equilibrium/mol 0.874 1.340 0.347

Calculate the mole fraction of NH,(g) in the equilibrium mixture in experiment 2.

06 )

0. Gl w1 \po o3 )

mole fraction of NH,(g) = .............

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

[Turn ov

er

_



(iif)

(iv)

: ]

The expression for the equilibrium constant, Kp, for the Haber process is shown.
_ p(NHy)?

K - =
. p(Nz) X p(HQ)S
Describe what is meant by partial pressure.

f‘f@éawafﬁmw ... 0. ST, fn_wé.
m&wzmv&ei’fﬁj@fﬁ R

In experiment 3, the mixture at equilibrium contains the following partial pressures of
N,(g) and H,(g).

p(N,) = 1590kPa
p(H,) = 1750kPa

For experiment 3, the equilibrium constant, Kp, is 8.49 x 10" kPa 2.

Calculate the partial pressure, in kPa, of NH,(g) at equilibrium.

K (M)
Q~LPT7’~[O L oo F i
ftﬁo x 17%0”
F(J’\/’—h) = //80‘“?\40‘_))’ {fjo‘f i')bx
p(NH,) = 7/6?‘3 kPa [3]
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(d) Explain the effect of increasing temperature on rate of reaction.

. Hxﬁ/&/\{ #—'P\i‘fﬁc sz Ma@m .......................
,”\.‘r{xﬂ s ls.cdes.. woéhgfﬂ Eo 2t
H\ )xw "{quﬁ' Nl évtcca%’fw( Lalticiun..
AQAPL’I':?f. mwmr?&&j ..... ;f .................................................................... [3]

(e) Figure 2.2 shows the Boltzmann distribution for a sample of X(g) at temperature T,.

A

number of
molecules

- highow Fhar T

.
energy
Figure 2.2
Sketch a curve on Figure 2.2 to show the Boltzmann distribution for the sample of X(g) at a
temperature higher than T,. [2]
[Total: 21]
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(@) (i)

(ii)

(iif)

; ]

State the trend in atomic radius of the elementis across Period 3.

State the formula of the oxide formed when sodium reacts with oxygen.
/Uﬂ-:/o .............................................................................................................. [1]

Write an equation for the reaction of MgO with water.

/Vﬁo“"/i/\?—-:»)/hjﬁ)ﬁf)} ............................ ]

(b) Table 3.1 shows some of the physical properties of Period 3 chlorides.

Table 3.1

melting point | boiling point

/°C I°C type of bonding type of structure

NaCl 801 1413 / &

siCl, -69 58 - 9

(i)

(i)

(c) (i)

(ii)

Complete Table 3.1 using the abbreviations shown.

M = metallic
C = covalent
| = ionic

S = simple
G = giant

(2]

State the formula of the phosphorus-containing product formed when PCl reacts with
an excess of water. Suggest the pH of the resulting solution.

formula = H}POQ’ ..............................

pH of solution = f(f-?ﬁ
[2]

Describe what is observed when white solid strontium nitrate decomposes on heating.

State the trend in solubility down the Group 2 @.

EZJ\M’M% .................................................................................................... 1]

[Total: 9]

_
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Classify alcohol S.

9

(@) Alcohol S has the structural formula CH,C(OH)(CH,)CH,CH,.

(b) Figure 4.1 shows compound T.

T
OH

Figure 4.1

Tests are carried out on T using different reagents.

Complete Table 4.1 to show the observations of each test on T. If no reaction occurs, write
‘no reaction’ in the relevant box.

Table 4.1

reagent

observations

Na

acidified K,Cr,0,

ﬁlz’!jévue ¢ (on 2 {/f{‘u m_f

alkaline I,(aq)

(HNow~ro  Tw gleen -
\ N|

Yelhows ppfh. .
| ['

[3]
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(c) Compound W is an aliphatic primary alcohol.

W is oxidised by acidified KMnO, when heated under reflux. Figure 4.2 shows the infrared

spectrum of the resulting product.

100

transmittance/% 50

0

—

—

IIIIIIIII]IIII]III

4000 3000

I I | I ] I I I I I I I 1 I |

2000 1500 1000

wavenumber/cm™~!

Figure 4.2
Table 4.2
b functional groups containing | characteristic infrared absorption range
ond 3 e
the bond (in wavenumbers)/cm
C-0O | 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 2850-2950
N-H | amine, amide 3300-3500
O-H | carboxyl 2500-3000
hydroxy 3200-3650
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The infrared spectrum in Figure 4.2 confirms that W is a primary alcohol.

Use Figure 4.2 to identify two absorbances that confirm W is a primary alcohol. State the
bond and functional group containing the bond for each absorbance.

| o 029,21 .. W(Aci&s Lz, # Lasbriglh on
a\% MVWLW ....... ineicals £.a. awéusz, osibry!
D»@ PVij adeshd. Cone. I:'-'E 6;6!‘9(/102/( (. &Wb'mgﬁ'ik At
ot the Londlitn’ ¢

(d) Butane is converted to pentanenitrile via a two-step synthesis, as shown in Figure 4.3.

butane 1-chlorobutane pentanenitrile
step 1 step 2
CH,4(CH,),CH; ——® CH,4(CH,),CH,Cl — CH,(CH,),CN
room
temperature
Figure 4.3

(i) Suggest the reagent and conditions for each step in Figure 4.3.

(ii) Pentanenitrile reacts with dilute acid.

Draw the displayed formula of the organic product made in this reaction.

H H O H g

L | 0,
Hdl— = = L=l (1]

/ [ I l - H
[ H & B

[Total: 9]
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Long-chain alkanes from crude oil can be cracked to make alkenes.

(a) State the conditions used for the cracking of alkanes.

<<<<<

(b) Propene is an alkene that is made by cracking. Alkenes are used in addition polymerisation.

(i)

(i)

(iii)

Draw one repeat unit of the addition polymer formed from propene.

ki
— CFh- CH —

[1]
The disposal of poly(alkenes) by combustion produces harmful products.

State one other disadvantage associated with the disposal of poly(alkenes) such
as poly(propene).

A/ﬂnbloo&jiaafaéta/-icnmm&u ...... T
(aﬂf\o@ffbﬁé ...................................................................................................... [1]

Aqueous bromine is used to test for the presence of the C=C bond in propene.

Stﬁiwhat is observed when aqueous bromine is mixed with propene.

(c) But-1-ene and but-2-ene are structural isomers.

State the type of structural isomerism shown by but-1-ene and but-2-ene.

FG’H‘HM ....................................................................................................... [1]
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(d) But-2-ene reacts with HBr(g). The HBr acts as an electrophile in the reaction.
(i) State how HBr acts as an electrophile in terms of electron transfer.
)1_) 1{;2./(.. IZm 4;,.‘;:-/{ ?ﬂﬁ\'ak&ﬂ...&}lﬁﬂj 2. &«/ché Lane. Pﬂ_n\/ﬂY[W

(ii) Complete Flgure 5.1 to show the mechanism for the reaction of but-2-ene with HBr C=¢ ir

—

Include charges, dipoles, lone pairs of electrons and curly arrows, as appropriate. 0"{? L

T "
(I: C=C—C H—= CHh- C Gh-Uh,  —=H—
H

I—O—I
UJ—O—I

0’8
2l

Figure 5.1
[4]
(e) But-1-ene and bromine, Br,, react in an electrophilic addition reaction to make product P.

Give the systematic name for P.

f)-hﬂ'fAéVOW&/darQ ..................................................................... [1]

[Turn over
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Figure 5.2 shows the structure of methylpropene.

Figure 5.2

Methylpropene reacts with HCI to produce products Q and R.
Q R

H CH, CH,
H—(l)—(ll—CH3 H3C—£|3—CH3
Cl H Cl
Figure 5.3

Explain why R is the major product in this reaction.

L. moie.. QM&M%MG&WW%
Lha.. ﬁogawwwﬂ@LgYmuf(V%ija ____________

[Total: 13]
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Important values, constants and standards

molar gas constant

R =8.31JK"mol"

Faraday constant

F=9.65 x 10°Cmol’

Avogadro constant

L =6.022 x 102 mol™"

electronic charge

=-1.60x107"1°C

molar volume of gas

V= 22.4dm*mol! at s.t.p. (101kPa and 273K)
V, = 24.0dm®mol~! at room conditions

ionic product of water

K, = 1.00 x 10~ mol2dm-® (at 298K (25°C))

specific heat capacity of water

c=4.18kJkg~ K- (4.18Jg~ K1)
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