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S C O T T I S H  C E R T I F I C A T E  O F  E D I T C A T I O N  

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

Friday, 17th May-9.30 a.m. to 11.00 a.m. 

READ CAREFULLY 

1. Check that the answer sheet provided is for Chemistry Higher I. 

2. Fill in the details required on the answer sheet. 

3. In this paper a question is answered by indicating the choice A, B, C or D by a stroke 
made in INK in the appropriate place in the answer sheet- see the sample question 
below. 

4. For each question there is only ONE correct answer. 

5. Reference may be made to the booklets of Science Data and Mathematical Tables 
provided (1982 editions). 

6. Rough working, if required, should be done only on this question paper, or on the 
rough working sheet provided-NOT on the answer sheet. 

SAMPLE QUESTION 

T o  show that the ink in a ball-pen consists of a mixture of dyes, the method of separation would be 

&\ fractional distillation 

B chromatography 

C fractional crystallisation 

D filtration. 

The correct answer is B-chromatography. A heavy vertical line should be drawn joining the two dots in 
the appropriate box in the column headed B as sho~vn  on the answer sheet. 

If after you have recorded l o u r  answer you decide that you have made an error and wish to make a change, 
you should cancel the original answer and put a vertical stroke in the box you now consider to be correct. 
Thub, i f  you want to change an answer D to an answer B, your answer sheet would look like this: 

If you want to change back to an answer which has already been scored out, you should enter a tick (J)  to the 
R I G H T  of the box of your choice, thus: 

A B C D A B C D 
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1. Different isotopes of the same element have 
identical 

A nuclei 

B electron arrangements 

C numbers  of neutrons 

D mass numbers.  

2 0 1 0  6 0 X 0 100 
Temperature  "C 

50  g pot;issiurn nitrate and SO g potassium 
chloride are dissolved separately, each in 
l00 cm3 of boiling water. T h e  solutions are 
cooled to 40°C. F r o m  the information in the 
above graph,  decide which of the follo~ving is 
likely to happen. 

X S o  crystals form 

B Crystals of potassium nitrate form.  

C Crystals of potassium chloride form 

D Crystals of both substances form. 

3. 56g  of an  o x ~ d e  of lead Lvas strongly heated 
and hydrogen gas \ \ a s  passed over ~ t .  When 
the  o x ~ d e  \\as c o m p l e t e l ~  reduced,  5 2  g of lead 
remained. X poss~b le  formula for the  oxlde IS 

A P b 2 0 3  

R P b 0 2  

C P b 2 0  

U P b O  

4. A mixture of magnesium bromide and 
magnesium sulphate is known to contain 
3 moles of magnesium and 1 moles of 
bromide ions. H o w  many moles of sulphate 
ions are present? 

A l 

B 2 

C 3 

L) 4 

5. \Vhen a gas lvas burned in air, the products 
formed gave a white precipitate with calcium 
hydroxide solution (lime water) and  turned 
anhydrous copper(I1) sulphate blue. Which of 
the following gases could it have been? 

. RIethane 

B Carbon monoxide 

C Hydrogen 

D Ammonia 

6. T h e  formation of carbon from starch is an  
example of 

rZ condensat~on 

R hydration 

C hydro lys~s  

I> dehydratton. 

7. IVhich of the  processes outlined below is most 
likely to be used in the  large-scale production 
of calcium? 

X Electrolysis of an aqueous solution of 
calcium chloride 

B Heating a mixture of carbon and calcium 
oxide 

C Electrolysis of molten calcium chloride 

D Addition of magnesium to an  aqueous 
solution of calcium chloride 
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8. 6 4 g  of copper is added t o  1 litre of 1.0 1iI silver 
nitrate solution. Which of the  following 
statements represents one  of thc  results of this 
action? 

T h e  resulting solution is colourless. 

B XI1 the  copper dissolves. 

C 64 g of silver is formed. 

D 1 mole of silver is formed. 

9. Dilute sulphuric acid (2kI)  is dropped on to  a 
mixture of magnesium and magnesium 
carbonate. Which of the  following ~ v o u l d  be 
the  most likely composition of thc  gas 
evolved? 

1 Carbon dioxide only 

R I lydrogen only 

C IIydrogen and carbon dioxide 

L) Carbon dioxide and sulphur  dioxide 

Questions 10 and 11 refer to equal volumes of the 
following molar solutions. 

X Sodium iodide 

B IIydrochloric acid 

C Sodium hydroxide 

D Ethanoic acid 

10. IVhich solution is the best conductor of 
electricity? 

11. \fThich solution contains the  fmvcst ions? 

12. X solution of potassiutn carbonate,  made up  
using tap  water,  was found t o  be cloudy. T h i s  
could result from the  tap  water containing 

.l sodium ions 

B chloride ions 

C magnesium ions 

D sulphate ions. 

13. Concentrated aqueous solutic~ns of the 
follo~ving are electrolysed, using carbon 
elcctrodes. R.hich electrolysis is least likely 
to involve the chemical breakdown of water? 

A Copper (11) bromide 

R Copper (11) sulphate 

C Sodium bromide 

D Sodium sulphate 

14. Which of the folloalng statements is true for an 
aqueous solution of sulphur dioxide? 

A I t  turns p1 I indicator blue. 

B It is completely ionised. 

C It  contains more hydrogen ions than 
hydroxyl ions. 

D It  reacts with alkalis producing sulphur 
dioxide gas. 

Questions 15 and 16 refer to the following 
properties of sulphuric acid. 

A An involatile acid 

R ;In oxidising agent 

C A typical acid 

D X dehydrating agent 

1LThich property is sho\vn in the following reactions? 

15. Production of nitric acid by the reaction of 
concentrated sulphuric acid on potassium 
nitrate. 

16. Reaction of copper metal with hot, concentrated 
sulphuric acid. 

17. Sparks were passed for several minutes between 
electrodes placed in a flask filled with an 
unkno\vn gas or  gases. When sparking was 
stopped, a little water \vas added and shaken up  
~ v i t h  the contents of the flask. A small piece of 
magnesium metal was then added and brisk 
effervescence took place. 

Inititally, the flask could have contained 

A hydrogen and oxygen 

B nitrogen and hydrogen 

C ammonia 

D air 
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18. I Questions 22 and 23 refer to the following four 

Ammonia N Products 
--+ + 

MW /?/////m M 
7 ~ G e r  (11) oxide 

Heat 

T h e  gaseous products in the above reaction are 

A nitrogen and oxygen 

B nitrogen dioxide and h> drogen 

C nitrogen oxide (nitrogen monoxide) and 
steam 

D nitrogen and steam. 

19. When copper is added to moderately 
concentrated nitric acid, a colourless gas is 
produced. T h e  gas is 

A nitrogen 

B nitrogen oxide (nitrogen monoxide) 

C nitrogen dioxide 

D hydrogen 

20. T h e  reaction between aqueous sodium 
hydroxide and the con~pound 

is an example of 

A addition 

B hydrolysis 

C dehydration 

D substitution. 

21. When a substance is heated with soda-lime, it 
releases ammonia. When burned, it produces 
carbon dioxide and water vapour. From this 
evidence alone, which of the following is the 
most precise description you may make of the 
substance? 

A A nitrogen compound 

B An organic nitrogen compound 

C A compound built up from amino acids 

D A protein 

classes of polymers. 

X Natural addition polymer 

B Natural condensation polymer 

C Synthetic addition polymer 

D Synthetic condensation polymer 

Place each of the following in its appropriate class. 

23. Cellulose 

24. In the diagram below, each sphere represents a - 
particle about the size of an atom and the sign 
indicates the charge on the particle. 

For which one of the following substances 
would the above model be a reasonable 

d 

representation of the particles and the way they 
are arranged in the crystal? 

A Lithium bromide 

B Calcium fluoride 

C Tetrabromomethane 

D Diamond 
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25. Which of the following general methods for 
making salts can best be used to prepare 
lead(1 I) carbonate? 

A Metal + dilute acid 

B XIetal oxide + acid 

C -Alkali + acid 

D Precipitation 

26. A pupil found that, on neutralising S0 cm" 
of lithium hydroxide solution with 
2M hydrochloric acid, the final volume of the 
mixture was 110 cm3. IVhich of the following 
statements is true? 

A 10 cm3 of water was formed during the 
reaction. 

B T h e  final solution had a p H  greater than 7. 

C T h e  lithium hydroxide solution was more 
concentrated than the acid. 

D T h e  final volume was about 100 cm'  after 
the salt formed had been filtered off. 

27. Chlorine has isotopes and :;C']. 

If chlorine molecules are analysed in a mass 
spectrometer, horn man! different molecular 
masses mill be detected? 

A 1 

B 2 

C 3 

D 4 

28. When some zinc pellets containing radioactive 
zinc are placed in a solution of zinc chloride, 
radioactivity soon appears in the solution. 
Compared with that of the pellets, the half-life 
of the radioactive solution will be 

A shorter 

B the same 

C longer 

D dependent upon how long the zinc is in 
contact with the solution. 

29. Radioactive ':C deca1.s by bcta-particle 
emission. II'hich statement is true of the new 
nucleus produced? 

A It has mass number 13. 

B It has 6 protons. 

C It has 7 neutrons. 

D It is a carbon nucleus. 

30. In the electrolysis of a solution of 
copper(I1) sulphate: using copper electrotles, the 
passage of one faradaq- of electricity (96.500 
coulombs) results in the positive electrode 

A gaining 64g mass 

B losing 64 g mass 

C gaining 32 g mass 

D losing 32 g mass. 

31. II'hich of the following gases at the same 
temperature and pressure contalns the smallest 
number of molecules? 

X 100g oxygen 

B l00 g ammonia 

C l00  g fluorine 

D 100 g sulphur dioxide 

32. I IOU man! atoms will be present in 11.2 litres of 
gaseous t luor~ne at s.t.p? 

A 1.5 X 1 0 ~ ~  

B 3 X 10" 

i: 6 x 1 0 ~ ~  

D 1 . 2 ~  1 0 ~ ~  

33. 20 cm3 of 0.33'I sodium hydroxide solution can 
be exactly neutralised by 

X 20 cm3 0.3M sulphuric acid 

B 20 cm3 0.6M sulphuric acid 

C 10 cm3 0 . 6 ~  sulphuric acid 

D 10 cm3 0 . 3 ~  sulphuric acid. 
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34. The following table shows the standard 
reduction potentials (E ) for three half cells. 

Fe2+(aq) + 2 e  + Fe(s) E" = -0.41 V 

cu2+(aq) + 2 e  + Cu(s) E' = +0.34 V 

Fe3+(aq) + e + Fe2+(aq) E" = +0.77 V 

From a study of these values, it is reasonable to 
expect that when copper metal is put into a 
solution containing a mixture of iron(II1) and 
iron(I1) ions 

A a precipitate of iron will be formed 

B no reaction will take place 

C iron(I1) ions will be oxidised to iron(II1) 
ions 

D copper will be oxidised to copper(I1) ions. 

35. \i7hen an atom reacts to become an ion X 

A the diameter of the particle increases 

B the nucleus of X acquires a negative 
charge 

C the atomic number of X increases 

D the number of electron shells increases 
by 1. 

Questions 36 and 37 refer to the following list of 
bonding types. 

A Ionic 

B Metallic 

C Covalent, discrete molecules 

D Covalent, network solid 

Choose the main type of bonding present in each of 
the following. 

36. A substance which melts at 843 "C and boils at 
1540 "C. The molten substance conducts 
electricity, but no chemical change occurs. 

37. A substance which melts at 1074°C and boils at 
1740°C. The  passage of an electric current 
through the molten substance results in 
electrolysis. 

38. From the information given below, which of the 
following elements is most likely to form an ion 
of the type x2+? 

39. In ~vhich case is hydrogen gas acting as an 
oxidising agent? 

A 112 + CUO + H 2 0  + Cu 

B H 2  + C2114 + C21 I6 

C H 2  + Cl2 + 21 ICl 

D H 2  + 2Na + 2NaH 

40. Which of the following would produce a 
blue-black colour when added to a solution 
containing starch and potassium iodide? 

A Bromine water 

B Dilute sulphuric acid 

C Sodium hydroxide solution 

D Iron(1 I) sulphate solution 

41. As the relative atomic mass in the halogens 
Increases 

A the ionic radius decreases 

B the density decreases 

C the first ionisation energy increases 

D the boiling point increases. 

42. An excess of 2M hydrochloric acid is added to 
one of two identical samples of calcium 
carbonate and an excess of 1M hydrochloric 
acid is added to the other. All other conditions 
are the same. Which of the following is the same 
for the two reactions? 

A The initial reaction rate 

B The total time for the reaction 

C The total mass lost 

D The average rate of evolution of gas 



43. T h e  decomposition of magnesium carbonate by 
heat can be prevented from going to completion 
by 

. absorbing the carbon dioxide produced 

B removing magnesium oxide as it is 
formed 

C carrying out the reaction in a small, closed 
container 

D reducing the pressure. 

44. rZ p H  value greater than 7 mould be shown by a 
1 .0  XI solution of 

A sodium sulphate 

B ammonium chloride 

C potassium ethanoate 

D lithium chloride. 

45. Hydrogen and iodine at 500°C react according 
to the equation 

I 1 2 ( ~ )  + I2(g) 2HI(a) 

Vessel X contalns 1 mole H2 + 1 mole I?.  

Vessel Y contalns 2 moles H I .  

X and Y are left at 500°C until no further 
change occurs. 

FVhich statement is true? 

A X \v111 contaln more hydrogen than Y. 

B X will contain less iodine than Y. 

C X and 1- ~ 1 1 1  contain the same amount of 

HI(g). 

D Y will contain 1 mole of 12(g). 

46. T h e  number of structural isomers having the 
molecular formula C5Hl2 is 

A 2 

B 3 

C 4 

D 5 

Questions 47 and 48 refer to the following 
hydrocarbons \vhich all contain six carbon atoms per 
molecule. 

4 Benzene 

B Hexane 

C Hex-l-ene 

D Cyclohexene 

47. Which of these compounds has carbon to 
carbon bonds all of the same length and always 
gives the same product when one of its 
hydrogen atoms is replaced by a chlorine atom? 

48. Which of these compounds can be synthesised 
by an addition reaction involving three 
molecules of ethyne per molecule of product? 

49. Which of the follo\ving compounds would 
liberate one mole of hydrogen gas when one 
mole of it reacts with two moles of sodium? 

A C2H;OH 

B C H 2 0 H C H 2 0 H  

C CI13COOH 

D C H 3 C l I 0  

50. A white crystalline compound, soluble in water, 
reacts with both dilute hydrochloric acid and 
sodium hydroxide solution. \Vhich of the 
follo\ving could it be? 

-EATD OF Q LTESTIOLV PAPER 
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All questions should be attempted. It should be noted, however, that questions 2 and 3 contain a 
choice. 

It is suggested that about 1; hours be spent on this part of the paper. 

_Marks 
1. 111 ?ac-h of t he  following cases, choose ~ v h i c h  ion would be deflected most in ;l mass 

spectl.onlcrer and givc the  reason for your choice. 

2. .Answer EITHER A OR R 

A .  .An 8 g sample of : : ~ a  underrrors P-deca>- t c ~  form w stable product as s h o ~ v n  in the  graph below: 

( a )  IVrite a nuclear equation for the  decay of ; : ~ a .  

( h )  From the  graph,  what is the half-life of :$a? 

(C)  IVhat mass of product would be formed from the sample after 45 hours?  
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OR 

B. ( a )  2 i i ~  can be made by bombarding 2 : t ~  with neutrons 

Write a nuclear equation for this reaction. 

( b )  T h e  following diagram shon S the 2 i z ~  radioactive decay series: 

Mass 
number 

220 

200 
80 8 5 90 95 

Atomic number 

Use this information to find the total number of 

( i )  a-emissions; 
. . 

(ii) p-emissions occurring. 

[Turn over 
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3. Xns\ \er  EITHER -1 OR B .  

4 .  Calculate the  number  of moles o f  a lumi~i iurn  oxrde nh ich  contains 3 X 1 0 ' ~  ions. 

OR 

13. (;i\.c.ii 4 g  of methane gas, calculate the n u n ~ b c r  of 

( a )  moles; 

( h )  molecules; 

( C )  atoms prcsent in the  sample.  

4. (mj Copy and balance the equation below: 

NII, + 0, + S, + I3,O 
3 

(h) Calculate the volume of oxvgcn required to  burn  200 cm'  of ammonia gas. according to 
your balanced equation in ( a )  (both \.olumes being measured under  the  same conditions 
of temperature and pressure). 

( c )  Name the products obtained if ammonia is oxidised in thc. presence of a platinum 
catalyst. 

5.  Consider the following reactions: 

( a )  X a m e  enthalpy change K 

(h) Selvct information f rom the abo\:e tahle t o  calculate the enthalp!. change for the reaction: 

3C(g) + 4H,(g) --P+ C,H8(g) 

( C )  Use  information from the tablc t o  calculate the  txnthalpy change dur ing the  complete 
combustion of 1120 cm3 of propane (measured at s . t .p.) .  

6 .  C'onsider the  substances shown in the table belo\v. 

I sodium hydride ethanol diamond 1 
/ carbon monoxide neon hydrogen I 

i methane 1 copper 1 \vater 1 

From the above table, choose two substances in each case ivhich: 

(a)  conduct electricity when molten; 

(h) have hydrogen bonding b e t ~ ~ e e n  their molecules; 

(c )  are gaseous at room temperature bu t  whose n~olecules  are not diatomic. 
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7. 'The oxidation o f  iodide ions to iodine by acidifled hydrogen peroxide (1120,)  can be studied 
in the  celi shown: 

( 0 )  (;l\ en tha t .  

I I , 0 2 ( c r q )  + 21 I'(q) 6 2e + 2II,O(I)  E" = + 1 771' 

use the Data  Booklet t o  predict the ~ o l t a g e  of the abo1.e cell. 

( h )  \Vhat assumption is made about the concentrations of the solutions in c;:!culating this 
~rol tagc?  1 

(C)  \Vritr a balanced equation for the  overall redox reaction. 1 

( d )  111 n h ~ c h  direction would electrons flov ~n the external c ~ r c u ~ t l  1 

( P )  1Vhy ~ v o u l d  sodium chloride solution be unsuitable in the salt bridge? 

8. T h e  reaction between hydrogen and chlorine is explosive: 

g + l -+ 2HC:!(g) 

It is thought to take place in thrce stages as fo l lo \~s :  

(1)  Initiation 
; c l2 (g )  --+ Cl.(g) 

(2)  Propagation 
H2(p) + Cl.(g) - HCl(g)  + I I  ( g )  A = +S.OkJ 

(3) Terminat ion 
H.(g)  + Cl.(g) -+ I ICl(g)  A H =  4 3 1 . 0 k J  

( a )  In  thls reaction, what normally provides the activation energy for stage ( l ) ?  1 

(b j  Explain which of thc stages above is most likely to  be the rate-determining step in the  
reaction. 1 

( C )  Another reaction also takes place in the propagation stage. Wri te  an equation for this. 1 

( d )  1Vhat name 1s glr.en to  exp los~ve  reactions of this type? 

[Turn over 
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9. Consider the energy diagram: 

Enthalpy products 

kJ nlol I 

0 - - -  pp 
- - -  

Reaction pa th~va j  

-2 0 

(a)  F r o m  the  diagram, find values for 

(i) the enthalpy change and the  acti\,ation energy of the forward reaction; 

(ii) the enthalpy change and  the acti\.ation energy of the reverse reaction. 

( h )  Which, if a n ) ,  of the abo\re values would be altered by the use of a catalyst? 

10. Consider the folloxving equil ibrium: 
2 

X,(g) + O 2 k )  -- 2 Y O k )  AlI(for13ard) = +180kJ 

1 3 0 ~  \vould the equil ibrium concentration of nitrogen oxide be affected by: 

( a )  lncreaslng the temperature;  

(h) decreasing the pressure; 

(c) dec reas~ng  the concentration of oxygen? 

11. Consider the functional groups shown in boxes A to F 

A n s n e r  the questions which follon by g11 Inq the b o x  r e f e r e n c e  le t ter .  

(a)  Which box contains a functional group that gives a posltlve test w ~ t h  ammoniacal silver 
nitrate solution (Tollens '  reagent)? 1 

(h) FYhich t w o  boxes  con ta in  func t iona l  g r o u p s  p resen t  In c o m p o u n d s  fo rmed  by  t h e  
complete hydrolysis of proteins? 2 

(3) 
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12. T h e  compound C,II ,  - can be used to make \-arious plastics: 

AA 
but  l - e n e  3 yne + synthetic rubbers 

C ,H,  
- -'A chloroethene + poly(ch1orocthene) 

( a )  T o  ~ v h i c h  homologous series does C:,II, - - belong? 

( h i  Dra\\- the  structure of h u r l - e n e - 3 y n e .  

(c) if 'hich type of polymerisation occurs in reaction -A? 

(d )  Draw the  structure of part of poly(chloroethe11e) showing at least three monomer  units  
linked together. 

13. Consider the  follo\ving reactloll sequence: 

( a )  S a m e  reagent S. 

(h) Name  compound B 

( c )  ITsing a diagram similar to .A and 13, indicate the structure of compouncl C 

14. Consider the follo\ving diagrams, one of hlch represents part of the  sodium chloride 1'1tticc, 
the  o ther ,  par t  of the caesium c h l o r ~ d e  lattice. 

( a )  if 'hich dlagram ~l lus t ra tes  the structure of sodium chloride2 1 

(h) In  xvhlch \ \ a?  d o  these txxo lattice structures d ~ f f e r ?  1 

( c )  Shorn, by calculation, \\-hether the  lithium fluoride lattice is more  likely tn resemble th; l t  

of sodium chloride or  that  of caesium chloride. (Data Booklet, page 5 )  2 
(4) 

[Turn over 
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All four questions should be attempted. It should be noted, however, that question 18 contains a 
choice. 

Candidates are advised to spend about l$ hours on this part of the paper. 

15. Sodium tl~iosulphate solution, Sa,S,O3(ac1), - L reacts with h>-drochloric acid to produce a 
suspension of sulphur according to the ~ o n i c  equation: 

s,o,' (aq) 2IIt(aq) ---+ S(s) t SO,(g) + H,O(C) 

T h e  rate of this reaction can l ~ e  determined from the time it takes for the sulphur formed to 
obscure a cross m:~rked on a shect of paper underneath the reaction vessel: 

Sodium thiosulphate F-1 
soiution 

Cross on paper 

A eye 

X pupil carried out a series of experiments to study the effect of the concentration of 
thiosulphate solution on the rate of' reaction and obtained the following results. 

Expt. A 

Expt. R 

Expt. C 

Expt. l3 

Espt .  E: 

Rela t tve  
 o on cent rat to?^ 

o t  AVa,S,O i aqi 

Time i t )  
.for X to  
vanishls 

R a t e  
l l l t )  

S '  

0.10 

0.08 

0.06 

0.03 

0.02 

--l graph of rate against relati1.e concentration of Na2S,O3(aq) produced the following: 

Rate ( ~ ; t )  0.06 

s-l 
0.04 

0.00 
0 1 2 3 4 3 

Relative concentration 
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1 V l U I  KA 

15. (continued) 

(a) F rom the first two columns of the results table, which factor is being kept constant 
throughout the series of experiments? 1 

( b )  (i) F rom the graph,  what conclusion can be drawn concerning the concentration of the 
thiosulphate solution and  the reaction rate? 1 

(ii) Explain, on  theoretical grounds ,  why changing the  concentration affects the  
reaction rate. 1 

(C) T h e  graph suggests tha t  the t ime recorded for one of the experiments in the  table is 
wrong. 
Assuming the other points o n  the graph are correct, calculate the  expected time for X to  
vanish in this particular experiment.  2 

( d )  Suggest two other ways of increasing the  rate of the  reaction in these experiments. 2 

( e )  I n  another experiment,  the pupil investigated the rate of the reaction between chalk and 
hydrochloric acid by measuring the volume of gas given off over a period of time. 

(i) Draw a diagram of apparatus which might have been used in this investigation. 2 

(ii) Sketch the graph (no  graph paper required) which the  pupil would have obtained in 
this experiment.  (Label the  axes.) 2 

(iii) T h e  pupil considered investigating the  thiosulphateiacid reaction by this method.  
Give a reason why it would be unlikely t o  be successful in this case. 1 

(12) 

[Turn over 
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A.A-, ,.~, 
16. I n  the flow diagram, compound A is con\.erted into a mixture of B and D, which are in turn  

converted into other products as s h o ~ v n .  

A 
Hc(aq) NaOH(aq)  Secondar! 

Alkanol 

(0) \&-rite the full structural formulae for c o n ~ p o u n d s  A and F 

( h )  Name compound G.  

(C)  LT-hich two compounds  are isomeric? 

( d )  State the type of reaction which converts compound D to I 

(e) Name a reagent capable of con\ ert lng compound D to E 

(f) \%-hat n o u l d  be observed dur ing the  conLerslon of 

(I) compound D to 13; 

(11) compound I to J ?  

(g) Explain \vhy an aqueous solution of compound C is alkaline. 

( h )  I n  the  conversion of B to C,  calculate the mass of solid sodium hydroxide necessary to 
neutralise 20cm3 of a O.5NI aqueous solution of compound B. 
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17. ( a )  Consider the following simplified mass spectrum of the  element rubidium.  ( T h e  relative 
lntensitles of the tkvo main peaks are shown as percentages.) 

Percentage 

Llass, charge ratio 

F r o m  this mass spect rum,  the relative atomic mass of rubidium can be calculated. 

( i )  \\'hat is meant by the  term "relative atomic mass"? 

(ii) \Th;lt is the  significance of the mass spectrum having two main peaks? 

(iii) Calculate the relative atomic mass of rubidium correct to 1 decimal place 

( b )  ( I )  \Trite a balanced cquatlon for the  reaction between rubidium and water. 1 

(ii) H o u  n o u l d  you expect the rate o f  this reaction to compare n l t h  that between 
potassium and v a ter?  1 

((.) Suggest a naturall! occurring source of rubidlum compounds.  1 

(d) \ \ - r~ te  the  equation which represents the first ionisation energy of rubidium. 1 

i e )  Refer to the  Data  Booklet and explain the difference in values between the  
f ~ r s t  ionisation energl  o f  rubidium and 

( i )  the  first ionisation energy of potassium; 

(li) the  first ionisation energy of strontium; 

(iii) the  second ionisation energy of rubidium. 3 

(fl \\'h! \vould !ou expect rubidium fluoride to  be the most lonic of the  rubidium halides? 1 
(12) 

[Turn over 
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18. :\ns\ver EITHER ,-l OR B 

4 ,  Silicon occurs naturaliy as si l icoi~ dioxidt., S iO, ,  in sand and quartz.  T h c  extraction of 
silicon is ou t l i i~ed  in the fol!o\vi~lg flo1.v chart .  

coke chlorine 

L- t 
i 

I 

i 
impure  SIC), impure  S1 

F L 7 R S A C E  R E A C T I O S  1 
C I 3 X l I B E R  L -+ 1 

l l 

v 
oxides of carbon 

1 impure  
SiCI, l 

hydrogen chloride l 
l 

1 pure SiCI., l 
pure SI REDVCTIOP ~- -1 D I S T I I ~ I ~ X T I O S  1 

CI-IAhIBER 1 1 l 

hydrogen impurities 

( U )  \Vhich type of reaction is occurring in .A? 1 

( 6 )  (i) Wri te  a balanced equation for the formation of SiCl, in B. 1 

(ii) C s e  your equation to  work out the voluinc of c h l o r ~ n e  (at s . t .p.)  required to  react 
exactly with l 4 0  kg of silicon. 2 

(c) SiCl, is a liquid (b .p .  -58 "C).  
SiOz is a solid (n1.p. 1723 "C). 
Account for this marked difference. 

(d) Why must  the  distillation apparatus in C be d r y ?  

( U )  State a likely industrial source of hydrogen for 11. 

V)  Give a use for silicon produced in the above process 

(g)  Silicon forms a series of hydrides called silanes. ~rrhich are similar to the  alkanes. 

(i) Draw the structure of the 3rd member  of the silanes. 

(ii) S a m e  the  products of combustion of silanes. 
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R .  In  thc Ilo\vns Process, sodium is extracted f rom sodium chloriiic ( n ~ e l t i n g  point 800°C') 
h!. elc-ctrolysis. 

C o n t ~ n u o u s  a d d ~ t l o n  Cl, ILlolten e l ec t ro l~  te 
of NaCl(s)  

l 
(600 "C) 

40°/0 NdCl 

G r a p h ~ t c  electrode 
(+ye )  

( 1 1 )  Suggest why calcium ctiloride is added to the electrt,l~-te. 

( h )  iVhy is calcium not formed to any great extent dur ing the electrolysis? 

(C) ( i )  I n  \\.hich state of matter  is the sodium collected? 

(ii) Explain ho\v you arrived at your ansiver. 

(d) \Vrite ion-electron equations for the reactions occurring dur ing electrolysis at 

(i) the  positivc electrode; 

(ii) the  negative electrode. 2 

(C') A s s u m ~ n g  that all t he  charge f lo \v~ng produces sodlum,  calculate the mass of s o d l ~ l m  
formed \ \hen a current of 30 000.A flo\vs for 10 m ~ n u t e s .  3 

(f) L'sing graphite electrodes, \\hat are the  products of electrolysis of a concentrated aqueous 
solution of sodium chloride? 1 

( g )  (i11.e a use for the  chlorine produced in t h ~  D o n n s  Process. 1 

(11)  I l rspi te  being the  sixth most common element in the earth 's  crust ,  sodium was not 
isolated until the 19th century.  
Suggest a reason for this fact. 

EAVD O F  Q C E S T I O S  PAPER 
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-%larks i 
1. T h e  first twenty elements of the Periodic Table can be categorised l 

according to their bonding and structure: I 

Type C 

( a )  Complete the following table by adding the appropriate letter for 
each type of element: 

I ( XIonatomic gases I 

Type 
r 

! / Covalent networK solids 1 

Bonding and structure at 
normal room 

I Diatomic covalent gases 

Discrete covalent molecular solids 

YIetallic lattice solids 

(b) Wh ich  of the  types  con ta ins  t h e  e lement  wi th  t h e  greates t  
attraction for the electrons in a covalent bond? 



- t larks  
2. T h e  following diagram shows a laboratory preparation of 

iron(I1) chloride. T h e  gas collected in the gas jar burns explosively in I 
air. 

Iron 

I 
. , 

Crystals of iron(1 I) chloride 

(a )  Name gas A. l 
l 

( b )  What does this method of preparation suggest about the kind of i 
bonding in iron(I1) chloride? 

[Turn over 
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3. Part of a chemistry project involved the study of the reaction between 
methyl ethanoate and sodium hydroxide solution: 

T h e  graph shoivs the results for one of the experiments: 

600 

Time 1 S 

IVhat was the initial concentration of the sodium hydroxide solution? 

1 )  Suggest how the concentrations of the sodium hydroxide could have been 
determined. 



. I larks  
3. (continued) I 

( r - )  i i )  Calculate the average rate of reaction between 200 and 400 S.  

(ii) Expla in  why th is  was d i f fe rent  f r o m  the  average  ra te  of 
reaction during the first 200 s of the reaction. 1 

( d )  T h e  experiment was repeated using a higher temperature. 

Explain why the rate of reaction increased. 

. . a  - , 

[Turn over 
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4. local company called Electroglaze suggested a project for some 5th 
l 

l 

year pupils. l 

I 
l 
l 

I 

PROJECT:  N I C K E L  P L A T I N G  O F  COPPER C S I N G  
l 

S I C K E L  C H L O R I D E  S O L U T I O S  I 
l 

( a )  Draw a diagram of the nickel plating apparatus that could be used 
in the project. 

1 T o  find the  number  of coulombs required to plate l g  of 1 l 

Clearly label the diagram. 

nickel on to a piece of copper. 

( b )  LVhich measurements would have to be made in the experiment? 

~ ~ 
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5. T h e  following passage is an extract from a scientific journal. l 

l 

T h e  preparation of bromoethane using 60Co 

t, 1) C O  is a source  of y - rays .  I t  is used in the  indus t r i a l  
preparation of bromoethane. 

.A little liquid bromoethane is placed in a three-necked flask. 
T h e  "CO source is suspended in the middle of the flask 
above the liquid surface. Ethene gas and hydrogen bromide 
gas are bubbled into the liquid. T h e  unreacted gases are 
bubbled through a solution to remove the hydrogen bromide 
gas. 

Complete the diagram below to show the apparatus that could have 
been used in the experiment. 

Clearly label the diagram. 

Three-necked flask 

[Turn over 
1 



6. Presented  below is a s implif ied flow char t  showing  some of the  
processes used in the production of petroleum-based consumer goods. 
f \ 

6 
U 

0 

C R U D E  OIL  

@ +-(i.ApIiTm)+ @ 
\ I  

\ 0 -  
l \ , 

- @ >7 U I 

\/ 
PLASTICS 

I T  
/ -. 
-- - 

ESTERIFICXTION + 
A 

SOLVENTS 
ETHXNOIC 

ACID 
\ / 

Processes @ to @ are contained in the following list: 

addition polymerisation; catalytic hydration; cracking; ferment- 
ation; fractional distillation; hydrolysis; oxidation; reforming 

(a) Identify each process. 
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6. (continued) 

( h )  D r a w  t h e  full s t r u c t u r a l  f o r n u l a  f o r  t h e  p r o d u c t  of t h e  
l 

esterification step in the flow char-  

(C)  I n  t h e  l a b o r a t o r y  p r e p a r a t i o n  of a n  e s t e r ,  s o d i u m  
hydrogencarbonate is added at the end of the reaction. ! 

l 

( i )  Why is this done? 
l 

l 

(ii) What evidence, apart from smell, shows that a new substance ~ 
is formed? 

[Turn over - 
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.\larks 
7. T h e  bar graph shows the first ionisation enthalpy for some of the 

elements in group 1 of the Periodic Table. l l 

Li Na K 

Element 

( a )  What is meant by first ionisation enthalpy? 

( b )  Explain the trend in these ionisation enthalpies: 

(C)  'I'he ions  of t h e  above meta l s  a re  well hydra ted  in aqueous  
solution. 

What is meant by hydrated? 
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8. T h e  booster stage for the Saturn V rocket burned methylhydrazine. 

4CH3NHNH2(E)  + jN204(E)  --* 4 C 0 2 ( g )  + 12H20 ( E )  + 9 x z ( g )  

methylhydrazine dinitrogen tetroxide AH = -:l 16 kJ 

( ( 2 )  \Vhat was the purpose of the dinitrogen tetroxide? 

( b )  Draw the full structural formula for methylhydrazine. 

(C)  Calculate the energy which is released when 2 m01 of each reactant I 
are mixed and ignited. i 



, l larks 1 
9. -1 chemist was investigating the mass of metal carbonate present in 

different egg-shells. I 

T h e  first three steps in the experiments ~ve re  as follows: I 

1 Grind up 

I 
egg-shell 

2 2 E C  ' ; - - - - l  
. iccurately weigh 
out approximately 

j g  of ground up  
egg-shell 

Xdd a known volume of 
excess 1.00 m01 I- '  

hyctrochlor~c acid to the 1 
ground up egg-shell 1 

l 
l l l 1- 

S T E P  1 - S T E P  2 h S T E P  3 

(a) Explain the use of the terms accurately and approximately in 
the description of Step 2.  

( b )  Suggest why the egg-shells were ground u p  in Step 1. 



-l.larks 1 

9. (continued) 

(C) Suggest how the chemist could have determined the volume of l 
l 

acid reacting in Step 3 .  I 

(d) I t  was found  tha t  o n e  of the  egg-shel l  s amples  reacted with 
50.10 cm3 of the 1.00 m01 1-' hydrochloric acid. 

Assuming that the only carbonate present was calcium carbonate, 
:alculate the mass of calcium carbonate present in the egg-shell 
sample. 



' I ,  L 

d r g  

.‘liar ks 
10. T h e  f lo~k char t  below presents  some lnformatlon about  feedstocks 

from coal. I 

I Urea-formaldehvde resin I 

(a) What  is the industrial name for the mixture of carbon monoxide 
and hydrogen produced from coal? 

( b )  Formaldehyde is formed by the oxidation of compound X. 

Name compound X. 



10. (continued) 

( C )  During the industrial production of ammonia, the reaction does 
l 

not reach equilibrium. 
l 

Give two reasons for this. l 

(d) By referr ing t o  the  s t ruc tu re  of t he  urea-formaldehyde resin,  
explain why it is a thermosetting polymer. 

, 



-bfarks 1 
11. I n  1 9 2 6 ,  H i n s h e l w o o d  a n d  G r e e n  s t u d i e d  t h e  r eac t ion  be tween  ~ 

nitrogen monoxide and hydrogen at temperatures above 420K. I 

.A simplified diagram of their apparatus is shown below: 

controlled oven 

Inlet Narrow glass tubing 

( a )  Explain wha t  happened  to  t he  m e r c u r y  levels as t he  react ion 
proceeded. 

\\ 

Side A 

. . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  
. . .  . . . .  . . .  . . . .  . . . .  . , . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . .  . . . .  . . .  . . . .  . . . .  

1 1  
t. 

Pnoo cirtoon 

Side B 

. . . .  . . . .  . , , . . . . .  . . .  . . .  . . . .  . . , .  . . . .  . . . .  . . . .  . , . .  
. . . .  Reaction . . . .  . . , .  . . . .  . . . .  . . . .  . . . .  YIercu 

vessel 

. . . . . . . . . . . . . . . . . . . . . . . . .  Thermostatically 



11.  (continued) 

( b )  T h e  use of narrow glass tubing ensured that only a small volume l 

of gas was outtvith the reaction vessel. 

Suggest tvhy this precaution was taken. l 

( C )  Under one set of experimental conditions the molar volume of a 
gas was 25.0 litres. 

Calculate the mass of nitrogen obtained, under these conditions, 
when  500 cm3 of n i t rogen monoxide  reacted completely with 
hydrogen. 

(:l 

[Turn over I 
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12. .A group of pupils designed the following apparatus  to compare the 

X-iscosities of different liquids: 

!:ire 

J 
!:ire I Io to r  

\ 

Rubber  tubing 

- hleasuring - - 
cylinder 

Power pack 
with variable 
voltage output  0 0 0  

(a) S u g g e s t  h o w  t h e  a p p a r a t u s  c o u l d  b e  u s e d  t o  c o m p a r e  t h e  
viscosities of different liquids. 

(b)  T h e  viscosities of many liquids are due  to hydrogen bonding. 

What  is meant by hydrogen bonding? 

8 ,' 
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13. T h e  radio-isotope of hydrogen called tritium (:H) can be used in the 

dating of stored \vines. It  has a half-life of 12.3 years. 
I 
l 

(a) iVrite a balanced nuclear equation for the P-decay of tritium. 

( b )  .A sample of tritium taken from a wine has a mass of 0.003g 

How many  t r i t ium atoms will be present  in the  sample after 
36.9 years? 

[Turn over 
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14. You are asked to investigate the reaction be t~veen  ethanoic acid (a weak 

acid) and sodium h?-droxide solution. 

1-ou are g i ~ e n  the following kit list and indicator chart: 1 

h ' I T  L I S T  1 Ii'orking pH range I 
Indlrator 

0 2 4  6 8 1 0 1 2 1 4 ;  
l l 

l ' solution l 

I Ethanoic acid 
l solution 1 XIethyl violet I 
1 (0.10 m01 I-') 1 1 Bromocresol 
I 50 cm3 burette and 1 green 1 I 

1 Conical flasks 

Pipette filler 

l stand 

20 cm3 pipette 

Indicator solution 

( a )  T h e  indicator chart  shows that the working range of methyl red ! 
extends to p H  6. i 
(i) What  is the hydrogen ion concentration in a solution of p H  6 ?  1 

hlethyl red 

Phen0lphtha1ein 

(ii) What  is the hydroxide ion concentratidn in such a solution? 1 

B 
I 

( b )  Explain why ethanoic acid is classified as a weak acid. 
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14. (continued) 

( C )  T h e  \vorking p H  range of the indicator used in a titration should 
include the p H  value of the salt solution formed in the reaction. 

(i) S a m e  the salt formed in the reaction between ethanoic acid 
and sodium hydroxide. 

( i i )  IVhich of the indicators given in the chart ~vould  you use in 
the titration of ethanoic acid solution with sodium hydroside 
solution? 

Explain your answer. , 

(4 Descr ibe  careful ly how you would  d e t e r m i n e  the  vo lume  of 
ethanoic acid solution needed to  neutralise 20cm3 of the sodium 
hydroxide solution. 

You should include the items from the kit list in your description. 



-- 
J l a r k s  l 

15. Sulphur  dioxide is sometimes added to fruit  juice as a preservative. I 
It  dissolves in the juice: 

l 

A SO, (aq)  + HLO ( t )  7 2Ht(aq)  + s0;-(aq)  l 

T h e  concentration of su lphur  dioxide can be determined using the 
to1 Ion ing apparatus. 

T h e  electrode responds to dissolved sulphur dioxide. 

( a )  Explain why su lphur ic  acid is added t o  the  f ru i t  juice before 
determining the concentration of added sulphur dioxide. 

( 6 )  Suggest why the electrode must  make a tight fit with the neck of 1 

the conical flask. 
I 
l 

l 



- 
A\Iarks ~ 

16. Enzymes are usually far more efficient than catalysts devised by man. 
Thus ,  in the decomposition of hydrogen peroxide solution, the enzyme l 

catalase is far more efficient than powdered silver. 

!a) Powdered si lver  behaves as a he terogeneous  catalyst  in the  
decomposition of hydrogen peroxide. 

\Vhat is meant by heterogeneous? 

l - 
( b )  T h e  following potential energy diagram refers to the uncatalysed 

decomposition: 
I 
l 

I Activated complex 1 

1 Products 

Reaction pathway 

(i) Add a curve to the potential energy diagram to represent the l 
l 

decomposition when catalase is added to hydrogen peroxide 
l 

solution. 

l 

(ii) What is meant by the activated complex? I 
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17. T h e  first s t e ~  in the industrial extraction of aluminium is to obtain 
aluminium oxide from the ore called bauxite 

T h e  ore is crushed. I t  is then digested, under pressure, with sodium 
hydroxide solution. T h e  resulting mixture is filtered and the residue 
(containing large amounts of iron(II1) oxide) is removed. 

'The filtrate is seeded n-ith a little aluminium hydroxide in order  to 
produce large amounts of aluminium hydroxide. Sodium hydroxide 
solution is also formed. 

T h e  aluminium hydroxide passes to a rotary kiln.\vhere it is roasted to 
form pure aluminium oxide. 

(a) Complete  the  following flow char t ,  in order  to  summarise the  
production of aluminium oxide. 

l 

U 
shows a chemical shows a process 

crush I_ 

oxide + 4 
C I recycling 
I seed 

I 

aluminium 
hydroxide 

/ aluminium \ 
oxide 
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17. (continued) 

( b )  Electrolysis of the molten aluminium oxide produces aluminium 
and oxygen. 

i 

(i)  Write the overall ionic equation for the electrolysis of molten 
aluminium oxide. i 

(i i)  Calculate the mass of aluminium produced when a current of 
40 000 A is passed for ten minutes. 

L ,  
C.. 
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18. Chloroethane is used as a local anaesthetic. 

I t  can be prepared by reacting hydrogen chloride with ethene: 

T h e  enthalpy change for the above reaction can be calculated using 
mean bond enthalpies. l 

(a) \\'hat is meant by the mean bond enthalpy? l 

( b )  Calculate the enthalpy change for the reaction using the table of 
Mean Bond Enthalpies on page 11 of the data booklet. 

( c )  Write the equation corresponding to the enthalpy of formation of 
chloroethane. 

L (' 
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19. Straight chain hydrocarbons, branched chain hydrocarbons, cyclic 

hydroca rbons  a n d  aromat ic  hydroca rbons  are  all ob ta ined  f r o m  
petroleum oil. ~ 
( ( 2 )  State the systematic name for the following molecule: 

CH3  CH; 
i 

CH3-C-CH2-C-- CH3 ~ l 
H CH3 

( b )  Draw the full structural formula for 1, 2-dimethylcyclohexane. 

(C) N a m e  a s t r a i g h t  c h a i n  h y d r o c a r b o n  which  is  a n  i somer  of 
1,2-dimethylcyclohexane. 

(d)  Draw the full structural  formula for an  aromatic hydrocarbon 
with 8 carbon atoms in the molecule. 
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20. Propanone is a widely used solvent. It  can be made from propene. 

C s i n g  full s t r u c t u r a l  f o r m u l a e  s h o w  t h e  s t e p s  invo lved  in  th i s  
preparation and name the reagents used in each step. 

. t *  
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21. Trichlorouhenol (TCP)  is an antiseutic which is used to relieve throat 

infection. It is prepared from phenol as follows: 1 

l 

phenol C 1 
T C P  

Calculate the percentage yield if 488 g of T C P  is obtained from 250 q of 
phenol. 

. ,'- 
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22. T h e  bonds in organic molecules absorb infra-red radiation. T h e  same -Ifarks 1 

bond in different molecules always absorbs infra-red radiation of I 

l 

similar wavenumber. For example, the C---H bond absorbs in the , 
range 2800 - 3090 ~vavenumbers (cm-'). 

l 

T h e  follo~ving diagrams refer to three different organic liquids. l 

pentane 

H H H H H  
~ l l l !  

H-C-C-C-C-C-H 
I /  

H H H H H  

H H H  H 
I 

H-C- C-C-C-C-H 
l I I l l 1  

H H H O H  

1 increasing 
absorption 

Wavenumber (cm-') l 

I increasing 1 absorption 

Wavenumber (cm-') 
MOO 3600 3200 2800 2400 2000 l700 

pentan-l -01 

H H H H H  
i l l 1 1  

H-C-C-C-C-C-0-H 
I i I I I  

H H H H H  
increasing 
absorption 

Wavenumber (cm-') 
MOO 3600 3200 2800 2400 Zoo0 1700 

. .'. 
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22. (continued) 1 

(a)  T h e  absorption at 1710 cm-' in the spectrum of pentan-2-one is 
absent from the spectrum of pentane and pentan-l -01. 

IVhich bond could be responsible for this absorption? 

( b )  Use the outline below to sketch the absorptions you would predict l 
for pentanoic acid. i 

increasing 
absorption 

v 

4000 MOO 3200 2800 2400 2000 1700 U'avenumber (cm-') 

!END OF QUESTION PAPER.' 
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