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Option C — Human Biochemistry

C1. Jodine index (iodine number) is defined as the number of ora

ms of iodine able to react with 100

grams ol a fat or an oil in an addition reaction.
The table below contains the values of iodine indexes for three fats/oils.

(a)

(b)

3
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| Fat/0il lodine index |
Coconut 8-10
i Butter J 26-45 o
Olive | 74-94

Explain the relationship between the iodine index and unsaturation, and select the most
saturated fat/oil. [2]

e e uneduraled: oo e, the biagertha Lodua indey (el

ot S ol (i most setweted D, &

Ldeulle. brad 2 wAll teack witt Lmol Too
Oleic acid [CH,(CH,),CH=CH(CH,),COOH] is commonly present in fats and oils.
Calculate the jodine index of this acid according Lo the above definition. (31
Mo o oledc aced = (R%12:0)+ 240+ (160 x2) = 282:0 %
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Which of the above fats or oils would you recommend to he part of a healthy diet? Justify
your answer, 1 2}
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State three functions of fats and oils in the human body. [3]
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C2. The graph below represents the activity of an enzyme on the substrate §.

l{]ﬂ ..............................

T maximum rate
LR
—

{
1 1 i 1 1 I:”/f L] 1 i
D 5 10 15 20 25 30 35 40 45 50
Concentration of substrate 5/ 1 moldm™

(2)  What is the meaning of the point ¥? [1]
. Ywox s . omoximum | teaclen  mbe M

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

Fiin 1o uhgne. Aaburmbeds sPimava " oo ampuit & pank () - g vk ey {f ik bt g 182 rk &)
(b) Explain, on a molecular level, why the reaction rate increases with substrate concentration i
from 0 to X but remains constant thereafter. [2]

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

(c) Define the Michaelis constant (K ) and explain its significance. 2]

The LU.ljllﬁ.lf\r e k. valne |, The Lowenr g w}t_ﬁm achn ) &

fﬁ?@m Lﬁw ﬁm tm vm ......................................

@ W ot S Mg mﬁﬁ'\-}j
(d}  From the graph, determine the value of K . 1]

.......................................................................
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C3. (a) Give the empirical formula of a monosaccharide and identify two functional groups that it .
I

FDRHESSUS.
g HLC} : Cﬁfiﬂ_iﬂ‘ @_HLQ " &__ b
Caxty (=0 ., okl ((dhyle iocrccoglabls i

dtiege = R-0-R Sethir
(b)  Draw the straight chain formula of glucose. Describe the structural difference between o-

and f-glucose and name the type of isomerism they exhibit, [3]
e O  _H
{\JH e . c iy P g
H—c-oH e 3 od W
- L e
R Lo .;g, e Aidgeron b A ireclin.
| 4= = e olns
H= C—oH | o tine ©
. i o B oW  yrus
W— € —oH ! g&.mw
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H® AtebeetYeak - 0% om €
CJ'L,_;ﬁH 1 2 |\ on prnt SR
A Yuune BRR - B A b 2 Core

........ Opbrcal  vermonmn, /anamiumn /2 t0tobomeinn %
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{c) Write a balanced equation to represent the formation of a disaccharide from glucngg.
Explain how this process is extended to the formation of a polysaccharide such as starch.
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Option D - Environmental Chemistry
D1.  Ozone depletion in the upper atmosphere 1s 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 preduction and

destruction. o hok w @EUMOA Loy waarlc [5]
............. Ol B e D
.......... SR oo L R R .
**;;;:3%’9, ............ By, 72, Cat Oyeh) ehtyaly | oo - o
- L S 1.0 1 ) o o (were) Oy forwalien
...... Shactiy, . meaws Wohwe ewnau  (or Comveree

I - 1
(b) Give the mechanism by which ozone is destroyed by CCLE, AQuesim %ﬁmﬁ:"&" ) [3]

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

D2. This question relates to ‘acid rain’.

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

[2]

g Coat W0 = H? + H oy (4ov potn vmtnbs oo
: S oY L'mph.ia = a ﬁndtl"‘i)
@hﬁa nox re;iummcﬂ. -Smr wiark )

(_,'.‘ivll:" (On dRManto pH of wolltr ok ,A,nguudnl::- Mgl wadll

call

(This question continues 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 thal cause this high acidity and indicate their origing,

show by means of an

equation how one of these acids is produced. <1 [5]
e -
..... WHOs 5 s 08 s 00 - ()

o1 sun 80207 Sobfur dioxde (ro mark for 3¢ g plfur uilos ~30, 0 e omigm) :
VRN TS eie v b Bl pocduchpn. R Cont. v o1lor $il o rontinies YD
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D3.  Bricfly describe the primary, secondary and tertiary 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 lerliary treatment.

...................... Motklis sl waktals /Ly pahdl s
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Option E — Chemical Industries

E1l. (a) Aluminium is manufactured by the electrolysis of alumina dissolved in molten cryolite.

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

ted o= a veacts with Carbon elochodle. o2

‘{‘i‘ii} Explain with the aid of an equation why the anode slowly disappears. equad &mgﬂf
(

i @1l{mﬁ‘" ............... reacts with S S i
Conbm anode. bunms w 0 Hmmed (15 precluce @r145)
_(by" Explain how the production of pure alumina from bauxite takes advantage of the amphoteric

~ nature of aluminium oxide. 2]
...... K03  reach/dissoban with o NaOM fwoM D
s Bete Umpwbes foxcdos  dompl, | teack [dissalee ©

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

(¢) Give two propertics and related uses which make aluminium an important metal in today's
world. 2]

........ Lowiwighﬂwmr&(ﬁbﬂnﬂe}[ 4
volfz « Linle m@wtlm{"jé uae &J-Em}bat-o—; Mr&‘&‘_____'__
(d) Despite aluminium being the most abundant metal in the carth’s crust, it is frequently
recycled. Give two reasons which favour recycling. [2]

Bt pense. ce fifw.@tr@.%aﬁw: eyl CO
)
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E2. (a4) Give the radical mechanism for the manufacture of low density polythene and ex plain how

the process conditions are altered to produce high density polythene. [
....... ECooh, 2 LT gk ap O,
....... d gt 10 e S R S RN 1.
_______ ROy + Gy —> ROLCHOCHe i O

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

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

(b) Silicones are obtained by condensation polymerisation. Explain how this polymerisation

differs rom that used to obtain polythene. 2]
= Dlyetene - addibo (polyaerinalion) ok, Mok fres wdical ") apoic

- Siliconan . (covdemsalion, piluarinakin®) whore 2 larder: o loendos Crubine.

)

Mﬂw Sunchaeal. 37«14-?5/ (eq. Hal) Aas 4o g vewoved] eliminatec l.
E3. 0Oil is used as an cnergy source and as a chemical feedstock., \

(a) Name one compound obtained from o1l which is used as a fuel and give an equation for its

complete combustion. [2]
........ Progana or cceqls any vowad bodrocarbe O
_______ Caltg & 60y 7 Bmd s gl e 0 D

(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]
L GoWu = Collioh GHy  or pprepalialliame salleene
@ .. O
..................................................... o’ T dod
i i e
(c) Name the processes by which polythene is obtained from oil. [3]

(5%9e2:) | Blens  produ ced. by Cmceing \ess Valable, achous (D
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Option F - Fuels and Energy

F1l. (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. [t}
.. 2Ce ¥ Ou ey 7= 2000 0L Sa3t Ora)7> SOrc) &
BuT wbk Mo ey Noy gy
(b) State how the emissions of the gas identiﬁedcﬂ?{ a) could be minimised [1]
@ . Yoont crbudkim [unwney 68 Buwn ©xcomaic [0, &
OB 5or: (soupor) by ey ol dr, Alleals [alosors in (Slatng) powdered.
T —— \iwe Shome. — Liskly Soviaed. Conl R Hudleed combustin~
e :‘.c] 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
MT wa-  methanol, CH,OH. Give two advantages of a liquid fuel compared with a solid fuel. 2]
[,Eb B il ,.)
& 4 w 4 § B B 8 & &8 % B & b 8 & bk & % o= ¥ b N = = r-u---) ------------------------------- el R L
_______ Er.v@ B Yowun @ﬂ-’r_'a__;qu_md willa, aar 4 eantr & dafrol| &
. Ea_ B_a_ C! I ]'h-ﬂﬁ. O
(d) (i) Write an equation for the complete combustion of methanol. 1]

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

(staf, wot veqd.")
(ii) The standard enthalpies of formation, AH?, for CO, and H,O(I) 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 methanal, [4]

-1 . 2 + 21,0
AMS. - _gg.iﬁrhtaTMbL ., ChapMd f.ia,,—%ﬁ% ”m_@

Atuas ZAK,- S Al «t@mfst ©
= e+ 26 e - (cz20) +0) /o

s 1',"
waes® o

= = 632\ }?_T mal ™!
(actope - 6o W mel’

|6 ineewerk d“ﬂ(Fv-M % ER >y ml.-:.‘

(ii1) How would this value differ if the water were produced as a gas rather than as a liquid? [2]

229.205 Conbomed | Mo  \egs E.‘M.Q‘rrjj weloaned .
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F2. (a) State the main difference between a chemical reaction and a nuclear reaction. [}
ot calivearrmnsement o Contior ) ele Chrows 08 1o vord lowents olgu,
(oR) Nuckean - Chamde o mucBovs [vems elemsnts [aboms oo [ (ol ) ehe by

OVTONBepmemt  bnchonderd - Ola [ wark A2 ona - oy weploatedy miply fhar

(b)  List three components of a nuclear reactor, other than the fuel, and describe the role of each.. 16]

(;;;f““ ................... st [ Control wmber o et newbvns
— . Caoludy bplow ! Moudow, Yewpowtwe o feactsrCare)

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

. 13 " y " . X 4
(i) P is a [} emitter. State what [ particles are and name the element produced in this

decay process. [.

(i) Calculate the time taken for 32 g of ¥ P of half life 14 days to become | g of the

radioactive isotope. [3]
— = == = i

B3 (6w 0B 4~ 2 \ befJ/}_ o

S5X |4 oD

;:‘T’d‘”ﬁﬁ &2,

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

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

. Al
i
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Option G - Modern Analytical Chemistry

G1l. Two compounds, A and B, having the same molecular formula, C,H,O, are methoxyethane and
propan-2-ol respectively.

(a) Give the structural formula of A and B. 3 l-!d_ i 2]
; BT G B: CHs 5
H
IIH IH.—n ) = I'.Ef.‘H 'H - E._' =k | u*
Wep=t \ A T
WK ” SR
(b) A student said that the compounds A and B could be easily distinguished by ‘I NMR
spectrometry.
Describe the 'H NMR spectrum of:
(i)  the ether A. * {37

..... Chemical sl o0 WNs vaar 3.8 pou (et Ro-chy) (D
el it gt

(ii) the alkanol B. /
o (Ns e e Qi ewwerwanls )
....... Remth  valle CBELA N D et s P

bra B o tww  Eeals,  with Yhe  owallet Onos

: e Wil b2 o @plebt (or
Al o &P“*ﬂilt@lp% amwtﬂw{‘ﬁ'ﬁw peew )

( This question continges on the following page)
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H
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() (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: j4.-

{Ouestion €1 continued) A E‘h'!r- CH,~ o -CH'.'!-

el

e
45 45
a4 f&‘lc}*
8 ot
=
3 -
= =
- =
L -~
== =]
: i 2
k= end) k
¥] = L
£ =4
TTTT T To T WJPﬂMLM-Tm—H
0 10 20 30 40 50 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.

e (no wtrke for Wt sayuy yes ocws )

""" A e, £k ok 0 du B (GRS

Pl

has et ot 3 dua B OO T =
> b e 45 i 8 G 7)° e
Congdheg wnth  seienm. SRS sl LG o DR TNl | i)
......... i YO Wtlawar | mpech ane dxffenont - anond = | e
Ovaiety Vo M%Mﬁpeqw Conbtbn sy cinilavpealn %,19114%_%1&?%)

(1)  Discuss the relative boiling points of A and B, and give a molecular-level explanation
for any differences.

222205
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G2. (a) Infrared spectroscopy is a powerful tool for identifying organic compounds. Stale what
oceurs al the molecular level during the absorption of infrared (ir) radiation and identify the
change that is necessary for ir absorption to occur. Piscuss why infrared studies are
part ZJ,L] ly helpful in the characterisation of organic molecules. (4]

Vimebioy 6+Wﬁzbww~5 (¢ Somcalhordo) (O

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

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

(b) Use information in Table 18 of the Data Booklet to list the absorption regions mpur[rd for:
o |

=0
(i) ethanoicacid. = Cp coel ¢ el oy [2]

(2.0 Mo - Vi o)

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

(ii) methyl methanoate. (2]
=0
......... H*LNQ'C"HE:I
e §E0 N Mo - \HSD o
........ C=M i . 7h 38w | o
C-o - 1860 = 13ep 0
(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]
@*“*nmﬂawﬂwﬁlﬂemﬂ ________ O,
| Other peas | abserptions oCcun we. el specha @
......... “‘”‘Cc}m%mmm
(d) Tdentify the absorption ]n.lu] in (b) which has the highest energy and calculate its wavelength
in cnl. e a0 e 2]
L % -
B - igh: S0 RN Sl oL el 7

229.205 - : !
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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. '

(1) Give Ehe“narne and structural formula of the tpnctional group which is responsible for this

reaction and deduce possible structural [T urm" fa P. 3]
......... Corbown€ . C=0 Gkl for k) O
....... (sre aiept ellnnalolkanmse o willen cadbmagy " T
LRl e e Sl 0L T R0 o { oefum: (D)

i =
...................... Loy T CmC

(b} (i)  Outline the mechanism for the addition of hydrogen cyanide to any isomer of P

showing clearly the reacting species. H.‘:' -:':ﬁ.J [3]
(p sl
gl
K
N oF 8- ‘ SR - "L.... OH

i T ey ===} :
- > b cr
X ,-""f'/ ——————— .
ﬁdﬁﬂijﬂﬁ“43 (E:) ———"
SR (D) 47,

- g oy - 3
MosT wowe alock s V™ om C vo_ ok fov attace A HY on &
(=rrn i W e Goludho X )

(ii)  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. 12}

£ o iad e i PSS Vi el

.......... Hoel. - S 7014 atept  pool - ?FQ‘H O

|
R

L"lk"u\u wa  Cluxede CMJ}\,L” b p_i;;"“.-;._.-,cwh.ﬂ.,u__,-
narver v Ts owice R, FRa e kD
\ap rue o ) dne bl w\f;l b tnp

s net mﬂmcma.)

|
iy e X L;..pl-lf (o weavk)
I,é_ Pr.d.uf.j. wnlerrecd | 9. é,.i-l .
CF )2 v, wob epNolly pctive beease . .
Hrew (_E ) 2 l:‘ L:de‘%z'ﬂ“i‘ gy hcwres | mavic
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HZ. Both ethane and ethene react with bromine, although the conditions and mechanisms are dilfereat
Giive the equations and conditions for these reactions. OQutline the mechanism of @nf these

———e 17

reactions. S

CEJ:,.M o warle for o H
Non (& HoAoBr 2 Hbr (EeP) B

H3. The mononitration and monobromination of benzene hoth occur by electraphilic substitution.

(a) Descnbe the experimental conditions in each case. For each reaction, give an equation to |
§ : formati the ophile.  pw m.mﬂ..-r’)
show the formation of the electrophile e . 4 (y;d %rh&lﬂﬁ'*- 6]

Bominabee B and Rl (o MB0) el

 Br—Br + MBr —> Wb+ Byl et S
.................... (oeeboyy  (wPsngd
..... Nityadien ; Gmes acda [hgake fgo%e” D

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

........................................... B T
odvild
(b} Outline the mechanism of pn:'] ol thgse reactions, *L:;M) 2]
J{_ﬂﬁk Glswlpreod H I\Iﬂg_ !.\E‘j_.

() Give the structure of the principal product formed during the dinitration of benzene. Explain
— et
YOUT answer, F2]

(ol S peh
Lk T P L e R I e e e e e o e e e
2 Wrm) ..... _ Moo (Cuopt e wilhdmwwiA | deackivates 1n9) ,

NOs. willodraws gr- donsihs  from 284 Positoe 4o NO, enting w positon D)
- E;lpldh.mm v Temb of shabilihy o wlevmudiatels)
SN0 onle By Yl Gonghs 3 o meken dhiveching 42
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