
[0500/192] 1988 

SC'0'I"I'ISH C'RII'I'IYIC'XTE O F  E D U C A T I O N  

C H E M I S T R Y  
Higher Grade-PAPER I1 

Friday, 6th May-1.30 p.m. to 4.00 p.m. 

Candidates are reminded that 4 marks are allocated for communication 
skills, assessed in Part B of this paper. 

Working should be shown in all answers involving calculations. 

Necessary tables and data will be found in the booklets of Mathematical 
Tables and Science Data (1982 editions). 



PART A (48 marks) 

All questions should be attempted. It should be noted, however, that questions 5 and 12 
contain a choice. 

It is suggested that about l+  hours be spent on this part of the paper. 

Marks 

1. Name the type of chemical reaction in each of the follo\ving: 

( ( I )  Pb(N0,)2(aq) + ZNaI(aq) -+ Pb12(s) + 2NaNO,(aq) 

(b) PCl,(s) + H,()([)-+ POC13(&) + 2HCl(g) 

2. (a) Explain the change in atomic (covalent) radius of the elements 

(i) across the Periodic Table from lithium to fluorine; 

(ii) down Group I from lithium to caesium. 2 

( b )  LVhich two elements, of all those considered in ( a ) ,  form the compound \\.ith most 
ionic character? 1 

(3) 

3. When an aqueous solution of sodium hydroxide is electrolysed, oxygen is formed at the 
p0sitii.e electrode. 

-COH(aq)  + 2H20(F)  + O,(g) + 4e- 

If the volunle of oxygen formed (at s.t.p.) is 1 12cm3, calculate 

(a) the number of moles of electrons involved; 

(6) the actual number of electrons this represents. 

4. ( a )  Part of a radioacti~e decay series is sho\vn belo\v. 

2 3 1  /{ /{ soTh G isotope X -+ isotope Y ':;~h 

(i) Tdentify isotopes X and T. 
(ii) FVhich type of deca). occurs between isotope X and isotope Y?  

2 1 0  206 ( h )  T h e  radioactive isotope 84Po decays to kvhich is stable. Calculate the mass 
of lead which \iould be formed from 1 mole of ';:~'o after two half-li\es. 2 

(5) 

5. Answer EITHER A OR R .  

A. C'H,NHNH,(E) + 230,(g)+ CO,(g) + 3H20(f?)+ N2(g) AH = - 1305 kJ m 0 1  
methylhydrazine 

Using the ;ibove information, together with information on page 2 of the Data 
Booklet, calculate the Enthalpy of Formation of methylhydrazine. (5) 

R .  Si2H,(g)+ 2Si(s) + 3H2(g) AH = -78 kJ mol-l 
disilane 

Given that the Enthalpy of Sublimation of silicon is 4 3 9 k J r n o 1 1 ,  use the above 
information, together with information on page 7 of the Data Booklet, to calculate 
the bond enthalpy of the Si-H bond in disilane. (5) 
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?l'he half-reaction c e S f  (aq) + e--CeD(aq) has a Standard Reduction Potential of 
+ l ,4-5 v. 

( G )  I n  nhich direction ~vil l  electrons flow in the external circuit? (Data Booklet, page 6) 1 

( h )  \L-hat will gradually happen t o  the colour intensity of the solution in beaker B as the 
cell is operating? 1 

(C) \Trite a balanced ionic equation for the overall reaction. 

( G )  ('alculate the empirical (simplest) formula for the compound. 2 

7. .4 compound has the follo\\rng percentage cornpositron by mass: 

( h )  T h e  compound gives a positive "brown ring" test. What is the name of the 
compound? 1 

(3) 
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;LT~trogen E f ~ ~ u ~ n t  H3jdrogen 

I'ercentage composition by mass 5 3 5 60 
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8. ( ( I )  In an experiment on reactlon rate, 6 5 g of pondered n t i ~  .~ddcd to 25 c m 3  ot 
2 1 1  sulphuric a c ~ d  

Sho\v b!. calculation ivhich reactant \\.as in excess. 3 

( h )  T h e  follo\\ing graph \vas obtained from the results of the espt,rimcnt 

T i m e  s 

Copy the graph into \.our ans\ver book (no graph paper required) and add a dotted 
line to represent the graph obtained when the same mass of powdered z inc  is added 
to 25 cm3  of 2 31 h!.drochloric acid. 1 

(4) 

9. .l constant current \vas passed through rnolten tin(1I) chloride for l h n1inutt.s 5 seconds 
and the mass of tin deposited \\.as 2.38 g. Calculate the current used. (3) 
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I I1 111 I\' V \'I \'I1 V111 

Group  Number  

T h e  graph sho\\s  the melting points for the elements across a Period in the Periodic 
Table.  

( ( I )  Identify the Period represented by the graph. 1 

( h )  T h e  bonding in both elements ,A and B is metallic. 

Suggest \\.h!. the melting point of element B is higher than that of element A .  1 

c )  Elements D and E are both covalently bonded. In  terms of structure, account for the 
large difference in their melting points. 1 

(3) 

11. Using information from the Data Booklet (page 5 )  shoxv, by calculation, whether 
iron(I1) oxide is more likely to have a crystal structure similar to sodium chloride or 
similar to c a e s i ~ ~ m  chloride. (2) 
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Marks 

12. 'Answer EITHER .l OR 13 

X. Consider the reactions which occur between the reactants shown in boxes ".A to F". 

1 + H 2 ( ~ ) j  
l 

HCOOH(aq)  + . \aOll(aq)- C H , I ( ( ) +  I \OII(aq)+ 1 

Xnsu.er the questions tvhich follow by giving the box reference letter. 

(0) \Vh~ch reaction in\.olves the hydrolys~s  of an ester? 

(6) In  whlch reaction \vill hydrogen gas be  formed? 

(c) \Vhich reaction uil l  produce an organic product kvhich in aqueous so l~~ t io t i  
will have il p1 l less than that  of the organic reactant? 

(d)  \I'hich reaction involves the con~bination of IJ i (aq)  and O H - ( a q )  Ions? 

( e )  \Vhich reaction will give a product the same as the organic product obtained in 
reaction C? (5) 

B. Consider the changes sh0lf.n in boxes "11 to I t" .  

Ans\ver the questlotis \vhich follov t)y gi\.ing the box reference letter. 

( a )  In  \vhich change are only van der M'aals' forces broken? 

(6) For which change \vould the AI1 value be the bond enthalpy of a polar cot d e n t  
bond? 

(c) LYhlch change does not lnvolie any endo the rm~c  steps? 

(cl) \Vhich change results in a pfJ decrease? 

( e )  \Vhich change could be an intermediate (propagating) step in a chaln r eac t~on?  (5) 



a sod ium sulphonate 

( ( I )  S o m e  sodium sulphonates  are used as  soapless detergents .  T h e y  a re  designed to 
cwntain t \ \ - ~  distinct parts--one hydrophil ic  ("\\.ater Io\.ing"), the  o ther  hydrophobic  
("\vater hating"). 

T)ra\\ the  part o f  the  above detergent  \ \hich is h !drophob~c .  1 

( h )  ( i )  (;ivt. thc formulae of two ions present in hard  \vater ~ v h i c h  interfere \vith t h e  
cleansing action of soap.  1 

(;i) Ilxplain \\-h!. these ions d o  not cause t h e  s:inle problem \ v ~ t h  soapless detergents .  1 

( 'I'he abo \  e s o d i u m  sulphonate is alkaline In aqueous  s o l ~ ~ t ~ o n  

( i )  \Yhat does  this tell you a l > o ~ ~ t  the  sulphonic acid f r o m  which it is m a d e ?  1 

(ii)  Explain \vhy t h e  s o d i u ~ n  su lphona te  solution is alkaline. 2 

(6) 
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PART B (48 marks) 

All four questions should be attempted. It should be noted however that question 17 
contains a choice. 

Candidates are advised to spend about 14 hours on this part. 

14. (a)  T h e  following apparatus \vas used to determine experimentally the \-olume of one 
mole of sulphur dioxide. 

T h e  flask was carefully dried, evacuated, then accurately weighed. Sulphur dioxide 
was allowed to enter the flask and the apparatus re\veighed. T h e  results obtained 
were: 

mass of evacuated flask = 512.97 g 
mass of flask + sulphur dioxide = 514.57 g 
capacity of tlask = 600cm3 

( i )  Lrse these results to calculate the volume of 1 mole of sulphur dioxide (under 
the experimental conditions of temperature and pressure). 2 

(ii) Give a reason n.hy the apparatus has to be dry before the experiment is carried 
out. 1 

( i i i )  Describe how the capacity of the flask could be measured experimentally. 1 

(iv) Using the same flask, the experiment was repeated with gas X which \%as knoivn 
to have a density of 2.14 X 1 0 3 g c m 3 .  

Explain \\hether the result "n~ass  of flask + gas X" should be greater than or 
less than 514.57 g. (Data Booklet page 9)  1 

(6) T h e  conversion of sulphur dioxide to sulphur trioxide is an equilibrium reaction. 
.Assuming an equilibrium situation exists in which only SO0, of the available sulphur 
dioxide is converted to sulphur trioxide, calculate the volume and composition of the 
resulting gas mixture when 100cm3 of sulphur dioxide is mixed with IOOcm3 
(excess) oxygen. 3 

(c) In  another experiment, sulphur dioxide was dissolved in \vater to glve sulphurous 
acid solution. 

Given 0.1 M sodium h y d r o s ~ d e  solution. describe 

(i) how you would determine experimentally the molarity of the sulphurous acid 
solution; 

(ii) hotv S-ou would work out the results. 
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15. S! nthesis gas. a mixture of hydrogen and carbon nlonoxide, is prepared as sho\vn belo\v. 
Kickel is known to catalyse the reaction. 

CH4(g)  + H 2 0 ( g )  $ 3H2(g) + CO(g) 

( ( 1 )  (i) .in increase in temperature increases the yield of synthesis gas. LYhat 
information does this gi\.e about the enthalpy change in the forward reaction? 

( i i )  L-sing I,c Chatt.lier's I'rinciple, explain how a change in pressure will affect the 
composition of the equilibrium mixture. 

(iii) State how the rate o f  formation of s!.ntliesis gas will be affected by the use of 
the catalyst. 

(iv) State hon the composition of the equilibrium mixture will be affected by the 
use of the catal!-st. 

( 6 )  X re,lctlon seclucnce o l v ~ n g  an a d d ~ t ~ o n  react~on betneen S\ nthesls gas and 
propene IS  shonn  belon . 

2112(g) + 2CT0(g) + 3 C , k l 6 ( g ) 4  CEI,CH2CH2CHO(P)+ compound B 
compound A 

1 
butan-l  -01 

l 
alkanol C 

C olnpound X and compound B are Isomers and belong to the same class of organlc 
coml~ounds .  

( I )  \dme the cl,~\s o f  orn'lnlc compounds to ~ h ~ c h  A and B belong 

(ii) Draw thr  full structural formula of compound R and name it. 

(iii) If hesan- 1 - 0 1  \I 21s recluired as a product instead of butan- 1-01, cvhich reagent 
would be used in place of propene? 

(iv) LYill alkanol C be primary, secondar! or  tertiary? 

( c )  (i) LVhich typt. of chemical reaction occurs n.hen hutan-1-01 reacts with ethanoic 
acid in the prest:nce of c )ncentratcd sulphuric acid? 

(ii) Dram the full structural formula for the organic product in ( c )  ( i ) .  
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.I.lnrks 

16. (n j  ' rhe  electrolysis of a saturated, aqileous solution of sodium chloride produces 
chlorine in conlmercial qu;lntities at the positive electrode. 

( i )  F rom a consideration of the Standard Keduction t'otentials, predict \ ~ h i c h  ion 
in the solution should he discharged at the positi\.e electrode. (Data Hooklet 
pages 6, 7 )  1 

(ii) Explain \\h!, in practice, the chloride ion is discharged. 1 

(iii) \I'hich solution \vill also be available in commercial quantities as a result of this 
elrctrol\.sis? 1 

( h )  A gas jar of dry chlorine can be prepared h!. adding dilute mineral acid, at a 
controlled rate, to bleaching ponder  and drying the resulting gas \ ~ i t h  concentrated 
sulphuric acid. 

E)ra\\- a labelled diagram of  apparatus \ ~ h i c h  could be used to prepare, dry and collect 
o jar of chlorine gas. 2 

( c j  I n  the redos reaction h e t \ ~ e e n  solutions of sodium persulphate ( X a 2 S 2 0 s )  and 
sodium iodide, persulphate ions are reduced to sulphate ions. Iodine is the other 
prodi~ct .  

( i )  \\.rite the ion-electron half-reaction equatior~s for this reaction. 2 

(ii) Given that the E \.alue for the reduction of persulphate ions to sulphate ions 
is + 2.01 V ,  predict the \.oltage Lvhich \vould be obtained if the reaction in (i) 
was carried out in the form of a cell. (Data  rhoklet  page 6) 1 

H1.d rogen does not 
fluoride decompose 

Halogrr~ 

F l ~ t o r ~ n e  
C h l o r ~ n e  
Rrorn~ne 
I o d ~ n e  

1 Iydrogen very slight I 1 c h i d e  " 1 decomposition ~ 
l 

I3ydrogen decomposes to 
bromide 1 1 some extent 

b.). A- 

8 S 
2 3 8  
332  
457 

t Iydrogen decomposes I 1 iodide 1 ~ \.er! readily l 

Is1 Ionisutlon 
Energy kJ rrrol- 

l h90 
1260 
1 1 .50 
1020 

State, in each case, the main factor influencing 

(i) the steady increase in the boiling points of the halogens; 1 

(ii) the stcady decrease in the first Ionisation Ener.gies of the halogens; 1 

(iii) the ;~nomalous bo~ l ing  point of hydrogen fluoride; 1 

( i \ )  the different cffccts of heat on  the hydrogen halides. 



M a r k s  

17. I \ S H \ V [ K  EITHER .A OR Tj 

. I \  T h e r e  are t\\.o niain stages in the  extraction of copper from sulphide ores such as 

chalcop!.rite (C'ilFeSz). 

Stag' 1 \ Iat tc  Smelt ing 

'I'his stage produces a liqiticl sulphide (called the matte)  and a liquid slag. 'The finely 
di\.ided concentratecl ore is mixed \\ith sand and  blo\vn into the furnace by oxygen 
as sho\\.n in thc  cliagrani. 

Oxygen 

S,rnd and ore "'l' S and  and  ore 
concentrate concentrate  

* 

RIatte 

Oxygen 

-+(:uFeS,(s) i 2 S 1 0 2 ( \ )  + 5 0 2 ( g ) + 2 C u 2 S . F e S ( t ) +  2FeS lO , ( t )+  4 S 0 2 ( g )  ( A W  - \ e )  
( c h a l c o p ~  rite) ( \ : I IIc~) (matte)  (slag) 

Stage 2 -C7oli \ -crsion to copper 

.-\ir is hlo\\-n tIi~.ougti a mjz ture  of licluid matte  and more sand a t  a temperature o f  
about  1400 K .  'I'lie i ron(I1)  si1lphide content  of  the  matte  reacts \vith oxygen and  
sand  t o  form more  slag ancl s u l p h i ~ r  ciioxide. ( T h i s  reaction is exothrrmic.)  \Vhen 
the iron content  of thc  niattc falls to  ahoc~t  1 ", , ,  i n ip i~ r e  copper is fo rmed.  T h e  
equat ion for this reaction is 

(11) \\-h! IS the ore b lo \ \n  into t hc  furnace a s  a fine po \ \ de r ?  1 

( h )  1:roni the ecluation, calculate the \ .ol i~nie of ox!.gen (at  s.t.p.) required t o  react 
cc)rnpltrcl! \\it11 1472 kg of chalcopyrite in Stage 1.  3 

(1.) l iefcrr ing to the d ~ a g r a r n ,  suggest a property of the mat te  \\ hich aIlo\\s the mat tc  
. ~ n d  \lag to be tapped off separatel!. 1 

(cl) 'I'he \ \ho le  extraction process is economic as  regards use of external fur l .  
1lxpl;liti \\.h!- this  is so. 1 

( ( 3 )  
\ i7rltc a 1,al;lnceci ecluatlvn for the rcaction in Stage 2 \ \hen  ~ r o n ( I l )  sulphide I S  

c o n \  ertrci to  slag. 2 
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17. A. (continued) 

Cf) T h e  impure copper can be refined by electrolysis as follo\vs: 

(i) T h e  impure copper acts as one electrode, with pure copper being used as 
the other electrode. IVhich is which? 1 

(ii) LVrite the ion-electron equations for the half-reactions occurring at the 
electrodes, indicating which represents oxidation and which represents 
reduction. 2 

(iii) Explain why iron, present as an impurity, is not deposited on the pure 
copper electrode. 1 

(12) 
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Marks 

OR 

B. T h e  flow diagram shoms ho\\ a polyamlne, used in the preparation of polyurethane 
foam, 1s manufactured. 

Hydrogen 

condensation 

L 
Naphtha 

((I) Xame the process by which naphtha is obtained from crude oil. 1 

catalytic 

Pol? amint. 

( h )  (i) \Trite a balanced equation for the reforming of hexane to benzene and 
hydrogen. 1 

(from crude 
oil) 

W 
Compound X 

(ii) Calculate the volume of hydrogen (at s.t.p.) produced when 172 g of hexane 
is reformed. 2 

(c)  (;ive, in relation to the above process, an economic use for this hydrogen. 1 

h1,drogenation 

( d )  T h e  hexanc often contains an impurltb. When one mole of this impurity is 
reformed, i t  produces the same volume of hydrogen as hexane, but 
methylbenzene instead of benzene. Name this impurity. 1 

Nttrobenzene - 

( P )  LYhich type of chemical reaction takes place when the benzene is converted to 
nitrobenzene? 1 

reforming 
I-lcxane - Benzene - * - 

(.f) (i) Name compound X. 1 

(ii) IVrite a balanced equation to show the reaction between compound X and 
hydrochloric acid, s h o ~  ing the ionic product. 1 

(iii) Draw the full structural formula of methanal. 1 

(iv) Dra\v a possible structure of the compound formed when two molecules of 
compound X and one molecule of methanal react by a condensation 
reaction. l 

(g)  T h e  following compounds are basic: 

Arrange the three con>pounds in increasing order of strength as bases. 
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