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SECTION A
QUESTION 1
1 (a) (i) Explain why the conductivity of the Li+ ion is abnormally low
(ii)lExplain why aluminium chloride is covalent whereas aluminium fluoride is ionic...(2)
(b)  Sulphur cartenates more than group vi elements.
(D) Define the term CarfeRation.......couwsissmisisrimsnescmmsssmmmsesissssisstssisrssissssisss (1/2)
(ii) Give an example of a species in which sulphur cartenates...........cccovviiiiininn (1/2)

(c)Beryllium chloride is substantially covalent but the chlorides of group 2A become more
jonic on going down the group, so that Barium sulphate is almost purely ionic. Explain this
OPBBIVAIION . oiicviisins sosoiinssniiassssinne e s oSSR Ty S VRN A AT A SR PR 2)

(d) Explain using equations why an aqueous solution of aluminium chloride is acidic..... (2)
(e) (i) State the storage equipment for alkali metals.......cooovnviiiiiinin. (1)
(ii) Write balanced chemical equations for the following reactions
[1] Potassium heated in chloring gas.......oovvveeiiiiiinnn s (1'%)
[11] Sodium heated in a stream of aMmMONIA GaS.......cvviiiniiiinininiiiiiiens (1'%)

(f) The following table shows the physical data for the halogen hydrides.

Halogen hydrides Boiling point(°C) Ka Bond  dissociation
energy KJ/Mol
Hydrogen Flouride | 19.5 10™ 562
Hydrogen Chloride | -85.0 10 431
Hydrogen Bromide | -67.0 10° 366
Hydrogen Iodide -35.0 10" 298
(1) Account for the boiling point of the hydrogen halides..........ccooocniinnnnnn. €))
(i)  Arrange the hydrogen halides in order of increasing acidity and account for the
1 o) o e ot I el SR L e e B e e B L e R SR 2)
(iii)  Explain why a solution of hydrogen chloride in methylbenzene does not conduct
electricity, while in aqueous solution it behaves as a strong electrolyte............. (N

(g) Write a balanced chemical equation for the reaction between concentrated sulphuric acid
and

(i) Hydrogen Sulphide...........cccoveiiiinininnncissiiesisssss. (1'%)
(ii) SR . iiisssomteres v aseatusisiadinsissuopinsns srmieuaviiesantsn rvimbunatisssnonsns (1'%)
(1)  GIUBOSE.... o cnencassseisississsssiivnsionisnioss stassassasadssnsasorerssvesisamivanssonsasasions (1'%)




(i) Name the thiee aC10S, oo anns iaiams Bu sy (1'%)
(ii) Draw-their full structural formulae ;. oisianaanimimnlianpma s (3)
(iii) Draw a diagram to show the expected shape and bond angles in a molecule of
phosphorus riChloride:. ... ..t smomsssesssssvssmssnsssssssanits )
(iv)  Phosphorus also forms a pentachloride, PCls, which is thought to exist in the
solid form as [PCls]", PCls]’; suggest the shapes of these ions. (2)
SECTION B
Question 2

(a) The behaviour of the hydrides of the elements Na — Ar with water is summarized

below
NaH | MgH, | AlH; SiH, PH; H,S HCI
React forming Ha(g) No Reacts Reacts to Reacts to
and an alkaline solution | reaction | forminga | form a form an
slight slightly acidic
alkaline acidic solution
solution solution
(i) Write equations to summarize the reactions of NaH and MgH, with water........ 2)
(ii) Suggest a reason why SiHs has no reaction with water..........oivvenisininnenn. (1)
(iii)  Write an equation to account for the formation of a slightly alkaline solution when
PH; reacts with HaO....c..cocviiiinnimsisiismmsinissssassssnsesssssssessnsssssnesssassssases (2)
(iv)  Write an equation to account for the formation of an acidic solution when HCIl reacts
MR WBECE. .. vosmsiinecsorvemestonssavanssshinissasiasmsssds RS Tonbsass s (ATURRERRS b ameisms Vs nss (2)

(b)(i) Beryllium shows certain properties that are not typical of the rest of the group.
Mention two of these properties and suggest reasons why the difference should occur......... 4)

(i) Group IT elements frequently form hydrated salts while the corresponding compounds
of group 1 elements are anhydrous. Suggest reasons for this AHIEIENCE . voisvmiissassvinasians 3

(c)Magnesium and Calcium occur naturally in the mineral dolomite, MgCQ;.CaCO;s, a
mixture of insoluble Magnesium and Calcium Carbonates which can be used to produce
Calcium Sulphate and Magnesium Sulphate. Calcium Sulphate is used in the manufacture of
building materials such as plaster — board. Magnesium Sulphate is used in fire proofing
fabrics and an Epsom salts.



(i) Describe carefully how you would prepare samples of MgSO4.7H,0 and CaSO4 from

dolomite. You may find the following information useful............coovviienmnennnciincnen 4)
Compound Solubility per 100g of water at 20°C
MgSO, 0.01
CaCO; 0.0014
MgSO,4 33.0
CaSOy 0.21

(b) How would you obtain pure MgSOy from crystals of MgSO04.7H20....cccccciinnn 2)
QUESTION 3

(a) The density of anhydrous aluminium chloride vapour was measured at 200°C, 600°C and
800°C at atmospheric pressure and the results are given below.

Temperature/°C 200 600 800
Density g/em’ 6.9 27 1.5
(i) Calculate the relative molecular mass of anhydrous aluminium chloride vapour at
cach temperature. R = 8.3 1J/K........cciinmmensisinismsiismmassesnasasssns (2)
(ii) What is the probable molecular formula of aluminium chloride vapour at 200°C
aid 800YCL AL =200, € = 35.5) i asisvisiosssemsreisnsisisisniiuinyessisneriss 2)
(iii) Outline the laboratory preparation of anhydrous aluminium chloride from
L IUT 6TV 0101 ) e Pt PR S B o o LB N e s e 4)

(b)The first step in the manufacture of nitric acid from ammonia involves the exothermic
oxidation of ammonia to nitrogen oxide (NO) and steam.

(i) Write the equation for the reaction of ammonia with oxygen to form nitrogen oxide and
1272111 RSN P SN R R R e S S SR e (1%)

(ii) Predict qualitatively the conditions of temperature and pressure for maximum yield of
nitrogen oxide in the equilibrium MiXtUIe.......ooviiiiiei e (11%)

(iii)Describe with equations how nitrogen oxide produced by this process is converted to
13115 (ol Vo [ e e G R e R e R (4)

(c) Explain the following observations:
(i) A mass spectrograph of chlorine shows five particles with relative masses 35,
g | ey | OSSR PN S e S W M e e o 2)
(ii) Halogens become wraker oxidising agents as we move down the group.... (1)
(iii)  HF has a higher boiling point than HCl and Hl........cccoouiniiiiinnniinnn. 2)




QUESTION 4
(a) (i) Define the term bond angle ... 1)

(ii) Explain why Berylium chloridg is a linear molecule whereas tin chloride is a trigonal
PIANAT........oiiiiemisissemnesirisnrasrsssasesssnssassassassssassassisssesassases s sssassinssasssssssnssansssasassass 3)

()NIETALES..ccvvruercnsescrsensssensssessssessstssssissssssstssanssssssnsasssmtsasassasssssssassssssssssssensassasess (2)
(i1) CArbONALES. ....cvcvrvreresiarrsvesssssnsesssserssssesss s ai s st st es (2)

(c)With reference to reactions with alkalis and acids, show the difference in nature of
aluminium hydroxide with that of magnesium hydroXide........cccovevsveniniiiiismenninenines “)

(d) CO2 and SiO2 are both acidic but SiO2 is solid of high melting point whereas Co2 is a
gas at room temperature. EXplain ... (2).

(e)(i) Explain the term SilicOnes.........ccoovvnriciiiiiinnnns 2)

(ii) List four applications of silicones.......... 4)



