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INSTRUCTIONS TO CANDIDATES:
Answer all questions in section A and six questions from section B.

All your answers must be written in the spaces provided.

The Periodic Table, with relative atomic masses, is atiached at the end of the paper.
Mathematical tables (3-figure tables) are adequate or non-programmable scientific
electronic calculators may be used.

Illustrate your answers with equation(s) where applicable.

Where necessary, use the following:

Molar gas constant, R =8.31 JK ™ mol .
Molar volume of gas at s.L.p is 22.4 litres.
Standard temperature =273 K.

Standard pressure = 101325 Nm™
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1.

SECTION A (46 MARKS)
Answer all questions in this section.

Complete the following nuclear reaction equations:
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3. Complete the following equations and write a mechanism for the reactionin =~

each case:

I
(2) @( b + NaHSO; -——> Hc\

50&1\\0«
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-5 N Mechanism:

(b)

—e. @ + cacoa Ay cuy
M& w
M ........................................... \'S&g(\mw

Mechanism:

4. (a) State what is meant by bond energy. D (1% marks)

i i

\ \ é \ (b) Table 2 shows standard average bond energies for some selected

bonds. CCmaadenXx e
Cce w8l % Uiadent Taple 2 2 <

¢ W bovea¥ Bond c-C
&ee 290@51&
a xRl

C—O|C—H|H—-0| C= |
Average bond energy (kJmol™) || 348 | 360 | 412 | 463 | 743

Use the data in the table to determine the standard enthalpy change of

the reaction. (03 marks)
/OH
CH3-.— C\H o T HCNgy —> CH—- C;gN ®
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ution and excess sodium

5. () Toamixtureof chromfum(fID puie 49 <ide solution and the

hydroxide solution, was added hydrogen pero
resultant mixture heated. e o \Dﬂ(?/z msawk)
(i) State what was observed. )iwc«\

- o=
9Cr O 20 Qe ¥ 2. 268 R . XY W PR
(1% marks)

(i) Write an equation for the reaction that took place.

SCr %g.:\r.\D.é\.‘\:m.t%hQam.‘..—.?.aS&... 9’%*2“253,.»\/ :
E‘._"-QS) + ghqh

3-3{%32&) FERO w0 — BU'QE‘@@ QoMo + &2 :s,
(b) The resultant solution in (a) was divided into portions and treated as
follows:

esees

— S\

— XY Sd‘v\a“\\ (i)  To the first portion dilute sulphuric acid was added. State what
was observed and write an equation for the reaction that took
place.

Observation: (% mark)

(i)  To the second portion, a few dro
. L ps of lead(IT) eth
solutlpn was added. State what was observe(II) andav]:rgi?;e
equation for the reaction that took place. o
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Observation: (% mark)

e Stk femsst.. Adw. el s

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

Equation:

Moo S Qe —é?\oCch__m‘ﬁf .......................

o (W00, +Cr0$w—¢9b%0+@+at¥g®6@ e

.............

6. (a) State what would be observed if benzene was added to water. (0 mark)

Asat TTus0 AN \ Q@RS 1orernrrrecnrere

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

(b) An organic compound Q is soluble in both water and benzene.
0.5 moles of Q was shaken with a mixture containing 40 cm? of water
and 20 cm? of benzene and the mixture allowed to stand until
equilibrium was attained.
(KD for Q between benzene and water at 25 °Cis 5.)
Calculate the number of moles of Q in the water. (04 marks)

Lo “o K @\« \eeraene b SC
e, B o eevmeesigsi g L

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

..............................................................................................

7. (@ Propylamineisa weak base.

Write an;
(i)  equation for the dissolution of propylamine in water. (1% marks)

CraCia ol s, o . HoQ . T > O U o, o .1:.@\@;)‘/(
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Kleoos =\~ TONT*
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(i)  expression for the base dissociation constant, K, for e\ Py
propylamine. (01 mark) .
- -O'08 322
Koz Lonona0olCO V) PR
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5 as

(b)  Determine the degree of dissociatio.rll'c.)'t: ; 01 Mpropyla‘;%ne solution.
(K, for propylamine 6.918 x 10-%) (2% marks)
heooes \Laa:&\/éq&%\o*"%l\/ ..............
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m Z(G\Q\RX\Q-'\'\ L...V\':—.b:A\oD:‘:%ﬁ ...............................................
TN T o

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

8.  The industrial reaction in which sulphur dioxide is converted into sulphur
trioxide in the contact process is reversible and exothermic.

(a) Write equation to illustrate the reaction.‘%/ (02 marks)

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

(b)  Giving reason(s) in each case, state the effect on the equilibrium %
position of the reaction in (a) if;
(i) the temperature was increasec. (1% marks) A

Eduialonmas. Snike. fc0. nod. & Ne % vlcousie e

.................. BW&OW\Q

(i)  helium was added to the reaction mixture at constant volume.
(1% marks) A

Addirsn. & helivma. 8. cmeSmes. Nhunes.. nessenre, 48, Rsuce.
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9.

Write equations to sh e
W how the following cof
(a) (CH;CH,),0 from ethene g compounds can be synthesized:

vV i1 (03 marks)

MQE.C.E\:..M Ty, QYO Lo WSO
B KD TR S WL, SRR W3yt ¥ LS TN VY.
({..

MO e+
CeQy |t*  SECTION B (54 MARKS)

Answer six questions from this section.
Any additional question(s) answered will not be marked.

10. Nitrogen reacts with hydrogen according to the following equation:

Nyw + 3H,p — 2NH;

(a) State the condition(s) that favour formation of ammonia.

NWROa g + O

C&&Q\// EQ\N‘ o T1—> 2N en \/ Turn Over

(1% marks)
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4_&(\;, O t NQyeo — A-Sf&:; + Nihiep + 28O
2o+ T+ 2NQzer —> ZsfEo + 2M0g 14 0P

c i ;
(c)  Write an equation for the reaction between tin and

(i)  cold dilute nitric acid. % marks)
AS0w OO 2A4- S0 (102 Q"O/'-\- Qe Py S
3Sa £, R NQzep. 3 SN0, .- NSD .t 440
(i)  hot concentrated nitric acid. (1% marks)
SoerAMQe o =22000s. :E.HﬁOQ.@.::..&\hQ<\J '
Sa b AN e b SO AN - AN

=, % ' y
11, oet 2o + NOZ,0 —> SO2© ‘
Ethylbrom.lclé- reacts ﬁl‘lth ad?l}eous sodiurx‘l\hyd—'fc%xi‘geqs-l()\l‘uctl)&laa)cé(‘)r ing to" @ ;
the following equation:

heat
CH,CH,Br + NaOH oy ———> CH,CH,0H + NaBrtay

(@)  Write the mechanism for the reaction.
ol

(c) Write therate equation for the reaction.

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

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

Sketch a labelled diagram to show an energy profile for the reaction.
CA&;C-“'—""V"'J \/\/ (2% marks)
apteds' A eSS SRR
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Writeequations to show h \

CH,CH,CHO. VVOW CH,CH, Br can be onverted tol/z ,%) @
R s

C aeig s, AN 1 i c&@c\rb,cﬂ.--%%m

22 T
& T N oS ™
A< ™) s " O
§ . Rrosesd, %\Wm“w ............................... Wl ‘
O o SR, CuOF W A Y
-g C(%\“ sleioid 5 NARR “.“MHQ\‘EC‘“&CW'W C\'&;%
GO, zg-'@(c’;l%’ State what is meant by the term enthalpy of hydration. (O?mark) CC?\
) L teaks.. 23NN, QU Wm0 MoK 2SR wWa
s eeeRs*
= (b)  The hydration energies of barium and chloride ions are -1275 kJ mol™! Easg] 0
and -394 kJ mol™ respectively and the lattice energy of barium _
4 chloride is -2056 kJ mol™. ,
e Calculate the;
;é) (i)  hydration energy of barium chloride. (1% marks)
U Mg, = Biwgot 4 2 Dlect A (L) e

................. — DO oo . T s J D LREERLLLY
(ii) heat of solution 0 aﬂlgx‘\c%lgo}ide. ‘/\/ (1% marks)

...................................... (3 INP- r-x) SR PIRTP PRI R <
LA e OSEE VAT O
..................... P w8 < & Q\“V(\}/M@&c’d‘
(c) (i) State two factors that can affect the magnitude of enthalpy of
. hydration. N (01 mark)
' T‘Q‘Q N\
Tg! looe 1%\9“0\&\;&\/‘/ ............... \'%"’fm\ ........ o
Qoerenise ’ . NSRRI WSR2
....... %\Mﬁ?fﬁ&\\p(}v@)&
(i) Explain how the factors you have stated in (c) (i) affect the
enthalpy of hydration. (04 marks)
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13. (a) A compoundJ contains 19.1% nitrogen, 43.6% oxygen by mass, the

rest being manganese.
(i) Calculate the empirical formula of J. (2% Mark

.,/0 Mo = 00— (10 1+ 42 6] =312 kL

(i) 10 gofJ in 1000 g of water lowered the freezing point of water
by 0.127 °C. Determine the molecular formula of J.
(K for water = 1.86 °C mol! kg'!) (02 marks)

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

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

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

see
-------------------------------------
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Ascanscratol %QQQ.((A) TNorde s\ansa ©
N T C= C\ Ded Tstore\we rg(&a&am\o&u“ 1%
CW2CH=CHzZ No Shtalade Mrecge
(b) CH,CH,C= CH and CH;,CH,CH= CH,. (03 marks)

v PR e

kWN\QQA\\-\QmWw"U\ ¢ shves iR, Sususa

© CH3(,:HCH20H and  CK,CHCH,CH, (03 marks)
CH, OH  secolSo. TN ‘ool

\%': A@@A é“\\\\\w/b ;
_oeQeootaa TR L, ci (Y O Vi e Seearone. . Sroves. . akm. Smen \Bargeatve-

O e AN - Ko AN

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

15. (@) Briefly explain what is meant by the term basic buffer. (02 marks)
A

e

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

o |- ) ,
(b) T500cm’of a 1 M solution of ammonia was mixed with 500 ¢cm3 of a
1 M ammonium chloride solution,

Calculate the pH of the resultant solution. (05 marks)
(pK, of ammonia solution = 4&\_74%‘&
o ) Yoz vV om0 oWa g e v
W ez A i =S = 47
= bt =L RIONS TR L APt |
P EANST Y= DNRAITOAD e Y= -4ty ¥y
—5\‘-{61)(@7“ \/‘/ 1 ........................ e'b
P = SN S = 326\
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c . _
© Eg:gltir:ps of fhlu?e sodium hydroxide solution were added to the
ufi t solution in (b). State what happened to the pH of the

solution. Give a reason for your answer. (02 marks)

0 e, N IR o e:)

16. (a) State three properties in which cobalt differs from calcium. (1% marks)

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

MAM%M ....... VVMMM%K@’

(b) To anaqueous solution containing cobalt(Il) ions was added
concentrated hydrochloric acid dropwise until in excess. ~—
Name the cobalt species present in the solution;
(i) before addition of hydro:il‘o/ric acid. (o mark) _ cref< C\\)
. . P
o\) () after addition of excess hydrochloric acid. I (%?nﬁic) 2
= fex ool
..... o OSSR ERemIRNS:. LADOLLL ENR L T
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(6) Concentrated ammonia solution was added dropwise until in excess to
a solution containing cobalt(Il) ions and the mixture allowed to stand,

(i)  State what was observed. e 00 N ¥ (02 marks)
Ai‘o. .\9&.2?&&\9.\&9&:&,...'5&.\,\.&\.4\%...\».%Q.em. 22 Hea . R BT oWty

(i)  Write equation(s) for the reactions that took place. (47 marks)

VS STV TN (= T

.................................... s
Co(OWa e . O o m2. CollR) g @p 1R O

%C/OCN\‘\ZSZ:@ ...................... >C°CN@§+@+E€
¥ | A LoD 2 . D S 2 AR MY gy -4 O Mo

17. (a) A 2% solution of a monomer, M has the same osmotic pressure as EDC\ :
11.6 cm? of a solution containing 1.65 g of a polymer of molecular
mass 1040 at 298 K. Q,;\x&

X
LR (03 marks) o

N NET X = [65XRAAIK Y = 228695 ¢F NN >

Calculate the relative molecular mass of M.

Aceege’ Me KT CX ok
oot px T — R S
BEHT o ren i e s / .........................................................
TN = 0T Me 2 0TV = ox g xesg. o (2)
\ M
N T YOO ANP. . .4 ool Y- 1.
'@*’“‘P@& = 4G22 L "
P ST ¢ £ C R o, e b e
<X ok uedhemiay
= XEL A 0APT - MeRT ~ A= Bgmec
m( 5 k\lk cae M”r&v.é ................ @.)..;--.-M ------------
"""" » |65¥%;\xm2=‘;\<8\3lxoc\8\/
WL@X\\.QX&Q’B ........ VQQ).(\)QEKM& ..........

Mg = IH-E:;&s(&:g@M) Y
o1 (B oo’l)

— - 'T ; _ e
e iy = DS Gemdiy L A7
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(b)  The structural formulae of some monomers are shown in the table 3.
-Complete the table by writing in the spaces provided; the structural
formula of the polymers formed, type of polymerisation and one use

of each polymer.

Table 3 (06 marks)
Structural formula of | Structural formula of Type of Use of
monomer (s) polymer Polymerisation | Polymer |
N~ Y [\
(i) H = o Ade Cane SNVES
—r = ca\ g
CH,=C—CH=CH, c é}ﬂ'n ‘/QD =g
éH H l/ H = € Wau\eksey
’ @ ‘_0:43 o \ Csedsnng &:13 NN
o] w&w Juraloontz
(ii) HOCH,CH,0H * \A"ﬁfﬂb Q(bw &Q(\\.S S VNN SU\ Ay
* \ Sn@ﬁPg
9 f
wd-y-L
bt ™
Addvvea Hoke, \&3 APV
\'\Ar "‘k L L— |bngaa\ dregove
(i) CH,=CH—CN Tq,—— C n ~ou\LL o3
reject Wi ©

oy 9 e

2 V1
nes Otengues |\ B A
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M&Q\‘G \(\@.@)_—_ F 2\ 515 osa.
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Periodic Table
5 6
1| 2 3| 4 7 \8\
I
1.0 10 49
H H He
1 1 }2
ﬂ\
6.9 (9.0 10.8 (12.0 14.0 [16.0 {19.0 202
Li| Be B|C|N|O|F|N
23.0 [24.3 27.0 [28.1 [31.0 [32.1 |35.4 40,
Na| Mg All|l Si P| S Cl| A
11 12 13 |14 |15 16 |17 |13
39.1 |40.1 |45.0 |47.9 |50.9 |52.0 |54.9 [55.8 |58.9 |58.7 |63.5 65.7 169.7 |72.6 74.9 179.0 |79.9 {83.8
K| ca|l sc| Ti| V| Cr| Mn| Fel Co| Ni| Cu| Zn Ga| Ge| As| Se| Br| Kr
19 (20 [21 |22 (23 |24 |25 [26 (27 |28 [29 |30 31 |32 (33 |34 (35 |36
85.5 |87.6 |88.9 [91.2 [92.9 |95.9 [98.9 (101 (103 |106 |108 |112 115 |119 (122 |128 (127 |131
Rb| Sr| Y Zr| Nb| Mo| Tc | Ru| Rh| Pd| Ag| Cd In| Sn| Sb| Te| I | Xe
37 (38 |39 (40 (41 |42 |43 |44 |45 |46 47 |48 |49 |50 5_1 52 |53 |4
133 137 (139 (178 (181 [184 (186 (190 192 (195 |197 (201 204 (207 (209 [209 |210 [222
Cs| Ba| La| Hf| Ta| W| Re| Os| Ir| Pt| Au| Hg TI| Pb| Bi| Po| At| Rn
55 |56 |57 |72 |73 |74 |75 |76 |77 |78 [79 |80 81 |82 |83 |84 (85 (86
223 (226 (227
Fr| Ra| Ac
87 |88 |89
139 (140 (141 [|144 (147 |150 | 152 (157 159 (162 (165 [167 |169 [173 |175
La| Ce| Pr| Nd| Pm| Sm| Eu Tb| Dy| Ho| Er| Tm| Yb| Lu
57 |58 |59 |60 |61 |62 |63 |64 |65 |66 |67 |68 |69 |70 |7
227 (232 [231 [238 [237 [244 (243 [247 [247 251 |254 [257 |256 [254 [260
Ac| Th| Pa| U| Np| Pu| Am| Cm| Bk| Cf| Es| Fm| Md| No| L
80 (90 |91 [92 |93 |94 |95 |96 (97 |98 |99 l|100 |01 l102 |103
16

END

E
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