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Option C — Human Biochemistry

C1. Iodine index (iodine number) is defined as the number of grams of iodine able o react with 100
grams of a fat or an oil in an addition reaction.
The table below contains the values of jodine indexes for three fats/oils.

Fat/ Oil lodine index |
Coconut B-10
2 Blter e
Olive T

(a) Explain the relationship between the iodine index and unsaturation, and select the most

saturated fat/oil. [2]
o We e undadurted the el the. Viagexthe foduni indey (Ui

Ldouble brnd 2 WAl veact wite \wiol To.
(b) Oleic acid [CH,(CII, ), CH=CH(CH, ),COOH] is commonly present in fats and oils.
Calculate the iodine index of this acid according to the above definition. [3]g

Me of olede acd - (v 1205+ 24.0+ (&0 yn;) = 2810 )

(¢)  Which of the above fats or oils would you recommend to he part of a healthy diet? Justify
your answer, g 2]

fo  (ay - ooluble vdamins |
o P ) ﬂh‘i““‘-‘“f, X ‘““ﬁﬂiﬁ -S

2 1S 2820 Q. Soke racly w253 %q I,
e ol " v 283 ¥ X100 0 _gp
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C2. The graph below represents the activity of an enzyme on the substrate S.

100 e e

50

%6 maximum rate

T
1 1 I 1 L] IE"/F 1 1 ]
D5 1015 20 2530035 40 45 50
Concentration of substrate 5/ 1L mol din™

(2)  Whalt is the meaning of the point ¥? [1]
. Ywmaxs . moXomum  TeaClow rode

Fivis 1o vibire. kakwirmhel s s2iuino” s ambuine 5 park (1) - et vl ket oy if i ‘bt g 45 2 rk )

{(b) Explain, on a molecular level, why the reaction rate increases with substrale concentration

from 0 to X but remains constant thereafter. 2]
OtX: Fre achve silhs cum. accommedate houase w. [subshati} (1)
tent envume molecaler ang  pafirfid withh Aubshaty 7ol adwe (D)
lds v wae ( Ao, TWuy comnot o gmﬂ»\").
(c) Define the Michaelis constant (X ) and explain its significance. {2]
Ko rtpusnts [sbS) ar deeh e teckin mte =3 Vawx  ©
: LT gy e K, valae, The lower He onywe adivhy 0 @«
TE M e Mo Koo valne , e lwght M exiywe ackiihy
@ KM o -BﬂJﬂ-i_mxg. a.cﬁv;‘"\_g
(d)  From the graph, determine the value of K . [1]

(acepe valae lathnreom iE,«L})

:I:Ht'm boabar Kone Vol wasagy e

ot A Lowsorvalas gf Klmaman o~

to g [5], e o o Wl rorchin
vote . )
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C3. (a) Give the empirical formula of a monosaccharide and identity two functional groups that it
I'.IDS.HESSCE.

........... -
PRI Bl L
(b)

Draw the straight chain formula of glucose. Describe the structural difference between o-
and B-glucose and name the type ol isomerism they exhibit.

R Ox #:
e

[3]
wdh oM | "a”’l oH e on
é H— &= o4
H- C-oH

1 Jrovethe offar
| o = &=
s

I

E . L Shwwnt 2 Lore
............ /
(c)

Co (tap Alsransecaomon vy /‘“’fhﬂﬁ%
Write a balanced equation to represent the formation of a disaccharide from

acmgl:b
glucose.
Explain how this process is extended to the formation of a polysaccharide such as starch.

Cé Hio O +
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Option D — Environmental Chemistry

1. Ozone depletion in the upper atmosphere is currently of great concern.

(a) Write equations to show how ozone is produced and destroyed by natural processes in the
upper atmosphere. Indicate clearly any differences in the conditions for its production and
destruction. P WL Lo waarlc [5]
O,+(hw)— 20 )
.......... s Moo dio T SOOMEL L SRR
mante- 58 = +
s S e Y O T 28 Ot P (O8] orOy>ala e AT
T Sl B o e e e (ware)) Do, forwalion
______ Shovlly ;. means Wahw ewmauy (o Ceweroe)

(c) Explain why ozone depletion is greater in polar regions. (1]

D2. This question relates to ‘acid rain’.

(a)  Account for the fact that natural rain has a pH of around 5.6. Give a chemical equation to
suUpport your answer.,

[2]

ok Cﬂﬁ-wéw rHa, (% ot manks oo
+ ) H* leL‘-!-ﬂ Lt'l:/lﬁﬂ:d".CD
@’an.tia not m;iwa_ .Sw Wtaffc.‘)
(3" By deomanto PH o ol ok Wfindnls - muugt vikiealE
o GeAd ,chmai)

{This question continuwes on the following page)
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(Question D2 continued)
(b)  Because of pollution, acid rain may be 50 times more acidic than natural .

rain. Identify the
two acids that cause this high acidity and indicate their origins,

Show by means of an

equation how one of these acids is produced. : 2 1D [5]
f— , )
..... WO TR B0 ol s e (%

peopeNse . NO. = atowolales (ruw wthuem N, 40N 7 (N

T 524 902 Subfur dionde. (no wavk fr S0 or pulfur pudos ~30, 0 the omign)

S0z = Smatlinn in Gn prduchan R Cont ov onloor Fsd bl Gontasrygs YD

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

50, B0 > 150, R Soa¥ He > H. 04 D
. snces of soid rain. v ekurn of HNDD
(c)  State two consequences ?'f d::'!c.lmj;am S oA ﬂﬁ-:lmq.* 1§;+ —> 4 HNO) (1]
Le‘*d““f)m*rma ........ Mo@hmm?w’ﬁww
Aowogete s [foreals , W [sesd. chiecls ot voove quichlyy , prey  healit.

D3.  Bricfly describe the primary, secondary and ftertiary stages of sewage treatment and indicate the
types of pollutants removed by each. Explain why tertiary treatment is becoming increasingly
important and state briefly the chemical basis of one type of tertiary treatment. : iii

. Re Senwip fl~. pressune. 0,
) Elechothiatuoin : Edockdonfalls gt MWWm ewnpens.)

6 Chom.. precipiinbion, Chomscals addod (papmsr Wik disbowed

S R v be gue o ppt (5 uxea for iprata)

. o exchayst Unwadod o g @) sxcharsed Ly otk

@9 bod V¥ Gl»r"qy powdn 0 twpmove  wiknlz, .

Carhen cavcenl lling  wob ar_:qun.lub. a Augas vl pat bt
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Option E - Chemical Industries
El. (a) Aluminium is manufactured by the electrolysis of alumina dissolved in molten eryolite.

(i)  Explain the function of the cryolite. ; [1]

(c) Give two properties and related uses which make aluminium an important metal in today’s
world. [2]

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

........ Lo ik, bt
1\at:Htﬂ:ti35%i LJB}U‘EEAN-{¥T“*’Piu‘{Tj A wae Edﬂihvhilkljl-} {vnﬂfﬁ.{ﬁtfﬁgd;_

(d) Despite aluminium being the most abundant metal in the earth’s crust, it is frequently

recycled. Give two reasons which favour recycling. [2]
; el .
....... Eipenont, o Brlice  luer 08w ommyudoms i oeted | CO
......... Composedl” iiMgunEes 7 nl LSS SO N D
g SR
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E2. (a) Give the radical mechanism for the manufacture of low density polythene and explain how
the process conditions are altered to produce high density polythene.
Beoc)as o (T0u0D) syt 12y &
....... gaeiis 2 e BT L S e Sk e
_______ Pl e i s ROEIBI G - s b D)
....... by ten 52 i o Tl (5 M R S S R (P
L e oty prepesalin, renminalia - awod sl [l
............................. _'__________——-—__CD
.................... .....-—F-.‘.'-._...................;,-._...............,..._.-_.._(.j‘_j
ST R L e e S I
.. Coto! 'lh’“t"?mﬂ- 'WW‘W"?W@
(b)

Silicones are obtained by condensation polymerisation. Explain how this polymerisation
differs from that used to obtain polythene.

aCowally owe (ey.4,0")
turo Sunchcal. grvps (o5, M) 4nas 4o e vewmoved| diminakec

E3. 0il is used as an cnergy source and as a chemical feedstock.

(a) Name one compound obtained from oil which is used as a fuel and give an equation for its
complete combustion.

2]
Prepane -

(b) Decane has been used as an energy source but has greater value as a source of other

chemicals. Use an equation to show the formation of two organic products from the
cracking of decane, C,,H,,.

[2]

.......... f.i.ﬁl o =ﬂ;!i.ll"| & " c!.ﬂ'd-.-
{‘imulhgﬂmﬁh T2 gmmﬁj
MName the processes by which polythene is abtained from oil. t

137
(D
(Svger:) '

(c)

_________________ \’5 Cmcking \ess \ulm.bio.%na;\m
L (or0e30)  Qobmowsoline v watd R Cowert otane @
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Option ¥ - Fuels and Energy
Fl. (a)

When coal is burned several gases are produced in addition to carbon dioxide. Write an
equation for the combustion of an element in coal (o form one of these gases.

(11
. ACey YOy T2 20005 0B St Org)2 ey (1
BuT ek NO v NOs gy
(b)  State how the emissions of the gas identtﬁedfﬂ?{ a) could be minimised [i]
@ Yoert bk [hurncy 08 B Cxcomale [0y D
(B 50y Gowdory) oy Pl g it o aleall [alsods i (Slums?) powdered
g Nov — 5 \iwe Shome. — biskly Sovioed. Conll R Sludled combustin~
*@?ﬁ‘ In countries lacking natural gas reserves, coal is sometimes converted into synthesis gas, a
mixture of carbon monoxide and hydrogen. Synthesis gas is then converted into liguid
e
ety ]

ethanol, CH,OH. Give two advantages of a liquid fuel compared with a solid fuel. [2]
u ;
b Can. loe pumped. s
SRR w2 dgt Gt PERRERERERE. EEEREREE roro
,,,,,,,,,, by B bwun . @00Y to mix uall aur , essur & dedroll 2

vedi of Comburtn
(d) (i) Write an equation for the complete combustion of methanol. (1]
________ ACAPR %30, T2 2o T D O
(Shf,  wek veqd .

(i) The standard enthalpies of formation, AHY, for CO, and H,O(l)' are =393.5 and

—258.8 kI mol™ respectively. Use this information and Table 11 of the Data Booklet
to calculate the enthalpy of combustion of | mol of liquid methanol.

[4]
o) _ + 20
aus - - E?JC%{R_‘AT wpl oo ChaoM ¥ ?'iol (2, 2

~@
= oy gl lE
AfCaz ZAW .- T Alg e o REINAG” O

STl ¢
Eameys a6 5600 ]= (€50 o)
— A2t B et b Lt ot o

il

N vl D
(i incowed At ot G ) (vt

'ES?A:TU Jﬂﬂ,h,hté i (\%M =134 b‘fs‘F,r ‘:"‘"‘Ma_t

: . ,Mtﬂ & MF{-

ML;ME?T&%“ 2 wols, fadn 3 marls) *:H”

(iti) How would this value differ if the water were produced as a gas rather than as a liquid?

[2]

. Prowgy . sesdecd. £ Vagorise /eiapemts | ol /ot nel=
229-205 Cowdormaed : Yoiss SNpri : i
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F2. (a) State the main difference between a chemical reaction and a nuclear reaction. [1]
oo callyo n oz wend: of Coufter ) el e Chow OR 1o ro M/MW.
OV Gepeemt  tnchongerd - Ol [wavic 42 ona " oy weplicately meiply Sthar

(b)  List three components of a nuclear reactor, other than the fuel, and describe the role of each.” [a6]

. Shatdiey o preved:  @cape g hucleamnponhitle, [ i a thivk

F3. (a) Animportant aspect of the nuclear industry is the disposal of radioactive waste. For highly
radioactive waste the material is stored under suitable conditions until the activity has fallen
to a safe level.

(i) 7P is a B emitter. State what B particles are and name the element produced in this

decay process. [.

radioactive isotope. [3]
i —2 2 —> |\ = 54 g

32, 6 — @ = 4 - - o)
5xla o

:::]-ﬁ,‘;gl.u-a/j_ &)

(b)  Describe two other ways of dealing with radioactive waste. [2]

CRACIE il ol S PR A i e BRTTEER S e T e, T e T D S L e (TS S e e SR e T P e

Wi | Uee yockels b Aot warte idp space —> NeT acceptliy
FTU“—‘j‘W\L ol w‘\{m Ervealnol wuclean Yoowd

56 Lwonth Lmbs-evonhalln, % e =
OR Bacose Wity wl wilh derdued. Conkam e N L e
o Onawge wavw bl vshpes wi wemwmlist oW Ly M“Mﬂqmwﬂﬁ‘

229-205



il B MO99/420/H(3)

Option G = Modern Analytical Chemistry

G1. Two compounds, A and B, having the same molecular formula, C,I1,0, are methoxyethane and
propan-2-ol respectively.

{a) Give the structural formula of A and B. g f# i [2]
3 x -
A . CHy~CH-O -CHy Bk 1 O P
H
P |E‘I CI',-_H IH E___ =y i E.l:!ﬂ-
HrenGm R R n T e o
p“
Wk “ e

(b) A student said that the compounds A and B could be easily distinguished by 'II NMR
spectrometry.

Describe the 'H NMR spectrum of:

(i) the ether A. o (3]

Sl el Gmallen anen peat) sglik ity sl
ﬁ)m@«. e ?EMD?{G; wile o +9ui>u1= (D

(i) the alkanol B. [3]
B L PR TSP T 7 Y ewvrawanlz )
....... P E““‘WE“E"ICD
....... fonle | cotwopmcdety B 6. 4t Wio o dmblk o

ms;mwmpaahau&h\MM&#m

; Arar Wil be o @eptel (or
Wl ke & MM@K@N nm&gmﬁﬂu&fﬂ patiewn)

{Thixs question continwes on the following page)
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H
S i il o g i
{Question Gl continued) A Clpr Uy S o \_IE_‘ 2
(c) (1) A second student who had access to a mass spectrometer argued that she could asily .

distinguish the compounds by their mass spectra.

The mass spectra are as follows: 4 T
1) g
4; 45
2 (M
8 8
5 g
= -
= =
=] -
= =
-~ =]
w w
= 5
= =
L —
[ ¥] ¥
Py [«
G BASEE S f ww#rjr—rwm—q
O 10 20 30 40 S50 60 0 10 20 30 40 50 60
m/z m/z.

Compound A Compound B

Do you think the second student could identify correctly the two compounds from the
spectra above? Explain.

ngz‘*‘“ﬁéﬁ at 34 due B (GHNT

F

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

> (M. Cmet vo 0. VRtaman | pech ane Acferont - awond — | wwh?
T awsnty v NO 2le Opelhym Combodn manny cimilavpedln €4, (g 16 60 — Gwe wr&-)
(1) Discuss the relative boiling points of A and B, and give a molecular-level explanation
for any differences.
N

b (Rhanst D Wigror bolig pout: boscowae &
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G2. (a) Infrared spectroscopy is a powerful tool for identifying organic compounds. State what
occurs at the molecular level during the absorption of infrared (ir) radiation and identify the
change that is necessary for ir absorption to occur. Discuss why infrared studies are
partiﬁgiarly helpful in the characterisation of organic molecules. [4]

Vmetinds S treltinsnd [ bond s (g cOamicad bumde) o

"""" i?n': J Q_L.,g,,r{'Pb..ov; vy I:‘\-'%pr"'ﬁdk 1’.‘-5 -rwﬁxla’?\llocuhwﬁt "dm d_)

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

(b)  Use information in Table 18 of the Data Booklet to list the absorption regions expected for:

(i)  ethanoic acid. - CH}C&ET"H £l C‘ii:.it
...... C7 D). .y, 168~ 0. owl”
S M o Soo -2%00

(c- W) 294D -5

(i) methyl methanoate.
=0

Cm s |1 LH0 - |3|:ff_‘1 7
(c) Identify the absorption listed in (b) which could be used to distinguish between these two

compounds. Explain why the other absorptions could not be used. [2]
O-H in  eframne acd could be paed (0

(d) Identify the absorption listed in (b) which has the highest energy and calculate its wavelength

in cm. howa I & e el 2]
e P - € 3
B Rollagd B i SULT AR e <2

339.205 ; : .
v (‘521'/.\. owe warl s wyomy chan'co bul Ceveck Const?eTurn over
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Option H - Further Organic Chemistry

H1. An organic compound, P, of molecular formula C,H;O reacted with 2, 4-dinitrophenylhydrazine to
form an orange precipitate. :

(a) Give the“nﬂme and structural formula of the functional group which is responsible for this
£

rcaction and deduce possible structural [ urm' r‘a P. [3]
= "
......... Cotbowonl . CZ O el for k) (D
alre attept  allkanad fatica dr weld 89 Conly L
....... L._, R ek e e we ilij ,?frf. ol Iéié .;:.ézagifz;i{_;;,il}{ - ok 3?. CE;E
e Cle Bl B 3 R aek Ty eufen SR
i " ﬂ:'G
...................... E}i.}ECMH
(b) (i)  Outine the mechanism for the addition of hydrogen cyanide to any isomer of P
showing clearly the reacling species. Hi:_ cﬁ.} [3]
4
s
K
&t 5 ‘ S e
(i e i 7
sl o MG cr
g W
: \h_-""'f'ﬂ_'__"-a
aHocC W AP
Spees (D © p
R P -
MosT wowe atbock af CN™ om c.*; no_ wonk fov I atknde A HY on &
(=rm b v bevte goludhon ¥ )
(i) Write the structural formula of the organic molecule obtained by the acid hydrolysis of
the product of (b) (i) and suggest why it might be optically inactive. [2]
e M e @ iy
.......... HooC. ~G.70W.... suege  yooc ~C -4 (D

Mk e wo  Clirelk Canlie’ t_ﬁ_lz'mzzt.r_q,p’m.ﬂp'lﬂ._.-
b i AR e e
\ap Arue S ) fhe ooyl .;..M,Fl be. thp Ouerdnd

Wl ot MWM.)

........... {‘
Chwml C/%?Mgmﬁm owp- Meennc  midche (1) &

{
i r=oH  [we weavk)
15. Wbdlu.d. untmttf:,ﬁj‘!_ ;;i-l
£): ¢ we H“ oA he cade | i I
M“[;EC) -'?.;qudiuya ue.s sy
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H2. Both ethane and ethene react with bromine, although the conditions and mechanisms are differeat
Give the equations and conditions for these reactions. Outline the mechanism of @nf these

reactions. e —— : R g R 5 [7
3%‘*""‘_
...... ;?.H.&.T.E’Tk..?.?....Eﬂsﬁr.+HB,"_'_..........h»s#ﬁ%.wﬂﬁ?@-ﬂk, .éj"
_______ Cilly 5 By Ty e, T T e
Emﬂuﬂ". ﬁﬁ) K
......................................................... fj-"' A
S e ke TP E é..f‘!;,'f,‘?;..‘f..""?.r:i?é.f"f?..éf.i.j’...
CiHy * *Br —= -Calle +HBA(D AT S
e R T T g T e i
G + b —> Cuitche 87 (1) L ok A Be) =5 —¢=c-
.................................................. v D M T
R By OB T T e ol ﬁ}"*—"@ _____ e
Lo aedy (scam. -3es e 28, @ Sk fiy) &
gd:“w:.bl‘}-’ 8 warl for o H SN mmwﬁ\%, '''''''''''''
;T -_,} H. 4+Br =2 HRr ,'_';_.*e..F) mh the Qs ..tam-e,-mn-d

H3. The mononitration and monobromination of benzene both occur by electrophilic substitution.

(@) Descnbe the experimental conditions in each case. For each reaction, give an equation to . -)
6]

show the formation of the electrophile. o e A H (need e :
f Ea]"u:}[‘ﬁ\\l\.ﬂhha. = g*r:_ C,Uu\_JL F'?-%ﬁ} (w nLE‘f}) / (‘D

........................................... e e
; . j (a0 OIVRL
(b}  Outline the mechanism of ong of these reactions, € M) 2]
J{_"”‘H’ lj-[ulﬁurrnu‘j H Mﬂg_ m}
T el I g Seeany 1
CF § sy bl
L.-a-"\..---‘T—""'J Ci:)
{c) Give the structure of the principal product formed during the dinitration of benzene. Explain
YOUr answer. 2]

MO

(no wbl &
ok WaWE Y FO T D e S L D T e R TR
2 teghep ) @ Noo.  (CMozt e~ wilhdmwwid . dpackvales w) ,

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

> Explanctow v TOWS of sabilihy of inevmdrotels)

S0 wane dv Yl Gonpad 3 0r wakor dlr.ed'vi-q Ao
o W -ﬁ_n}; O, F—}f-fm\'\&'\"'ﬂ.ﬂﬁv‘.
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