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Ammonium jons and ammonla are formed in tha 5ol
fixation of atmospheric nitrogen in the root riodilg
arganic nitrogen. :

processas, These Incl
(a) The halif-squation for the fixation of nitroge
N, + 8H" + Bo

(i) Give the oxidation states of nitrogen:

ude,
plants. and mineralisation of .

Ny

(i) The half-reaction in equation 1.1

(iii} Draw a dot-cross diagram for the 4
only.

- .
' iH8:881l. lts formut

oAt

{b) Urea is an organic nitrogen-contai
shown below,

W

urea

(i) Give the values of the bond

A

(i} Urea is slowly hydrolysed in

CO(NH,), +
urea

2]

(2]

a is

(2

(2

3

(c} The rate equation for the reaction in (b} (i) can be represented as shown below.
rate = k[CO(NH,),]

(i} What name is given to the term kin a rate equation?

{ii) What effect does raising the temperature have on the value of k?

1]

(d) Nitrogen forms several oxides. One of thase, NQ,, fits the acid-base trend of oxides
across a period In the Periodic Table.

What can you predict about the acid-base character of NQ, fram the position of nitrogen
in the Periodic Table? Explain your prediction.

[2]

{e) Another organic compound found in soil is 3-hydroxybenzoic acid.

O \O.,I_.,_

¢

O—H

3-hydroxybenzolc acid

(i) Whatname is given to a hydroxyl group altached to a benzene ring?

e ervesse s T PR & ||

(i} Give the structural formula of the salt formed when 3-hydroxybenzoic acid reacts
with sodium hydroxide solution. Show ionic charges.

[2]
{Total: 18]
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2 Antifreeze solution is added to car radiators in winter to- stop the water freezing and Use

expanding, which can crack the cylinder block. Eatly antifreeze solutions contained methanol,
CHyOH, which tended to evaporate. Then ethane-1,2-diol, HO-CH,-CH,-OH, was used in
antifresze solutions as it has & higher boiling point. Both are very poisonous, however.

{d) Ethane-1,2-diol is poisonous because it is oxidised in the body to ethanedivic acid,
C,H,0,. Draw the full structural formula of athanedioic acid.

(a) Theory shows that 8 moles of solute are needed to lower the freezing point of 1 kg of
water to =15°C.

Compare the masses of methanol and ethane-1,2-diol which need to be dissolved in
1 kg of water {o lower the freszing uo__._ﬂ to-15°C.
A: C12,0,16; H,1.0 ‘

2

{e) Ethanedioic acid removes vital calcium ions from solution in the bloodstream. It reacts
1o precipitate out calciurn ethanedioate.

K, for calcium ethanedioate, CaG,0,, is 2.3x 107 mol? dm™® at 208K.

{i) Write an expression for Ky for calcium ethanedioate.

{2]
3 (i} Calculate the concentration of calgium _o_._m in a saturated solution of calcium
" gthanedioate.
(b) Water expands when it freezes because ice has an ‘open’ structure in which the
molecules are held together by hydrogen bonds.
Draw a diagram to show three water molecules held in this open structure. Show
partial charges. . "
calcium ion concentration = . .. mol dm™ [3}

4

{c) Methanol reacts in the eye to form methanal which causes blindness.

{i) Draw a full structural formula for methanal.

]

1

(iti} Use the Dafa Sheet to write down the formula of a reagent that would convert
methanal back to methanol in the faboratory.

2854 Jun0S
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compound

ethane

ethane-1,2-diol

ethanedicic acid 157

Use your understanding of structure and tigni
compounds exist at room temperature.

DL P P P T

e T Forasis i b e canr e e

7
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]

The substance GHB was originally designed foi
related uses were found for the substanc
GHB stands for gamma-hydroxybutyric acid, a

i However, other drug-
_rastricted in 2003,
ructure shown below.

(a} (i) Name the two functional groups in GF

esesmreseneeeeesmas ettt ettt ee e SOOI - |

(i) Give the systematic name for GHB.

2

below.

(@

(ii) h B body.

{c) A molecule that has the same effect on
structure is shown below, together with t

L L 7
T o
H H H O—H H H
GHB B alcohol

For
Examiner’s
Use

(i)

{ii)

(iv)

9

On the molecule of GHB above, draw a ring round the largest:part-af-the molesule
that could be the pharmacophore. US| |

Suggest why both of these molecules are able to bind to the same receptor alig in
the body. Name the intermolecular forces involved,

OB AR RLIY R

ravaaae

EEITTTERIPeTT)

Name a modern technique that allows chemists to view the possible ways In which
amolecule can bind on to a receptor sits.

W{1]

ons for making an organic acid from an aleohol in the

Give the reagents and con
taboratory.

(I T PP PP TYFITYTIYY

....... e 3]
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{d} In this question, two marks are available for-{hg
scientific terms.
S

The infrared spectrum of one of the compotide dek
below. g

transmittance /% -
80

T T T L ™

4000 3500 3000 2500 20000 480" 1000 500

YT B TP T P T T TP I XTI LI

L T T T T T PP PP PP PP PP TTTT T P

PP rrans

s e ssnsssesssenesssessemneee 6]

Quality of Written Communication [2]

2054 Junds

{f) A mixture of GHB and its sodium salt et 85 & buity salution,

M

(i)

Extwingr's

wihigh dissolved in water,
2

2l

R L Ty P e wﬂ;ﬂu AP CAE NS A AT PRI IS Mgt e b R R R M&H

In this question, one mark is avallaile ko the qualily of speling, punctuation and
grammar,

Explain the meaning of the term buffor solistion and expain why buller solulions are
found in our bodies.

.
LI TT T TSP, LR LT T P PP R e LS Y TS0 T VT NP ST PSP
et ddere . B T T YT P T T T P T PP T R T PP P
L T L LRy T e T e PSP R

B L

Quility of Writtan Communlcation [1]
Calculate the pH of a buffer solution conlaining equal atmounts of GHB and its

sodium salt. If you have been unable 1o calculate the value of K, for GHB In {e) (i)
above, assume thal itis 1 x 1075,

pH = R )|

[Total : 38)
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(1

(¢} The hydrogen feedstock is produced from mathan
balow.

CHylg) + H0(g) = CO(g) + 3H,(g)

(2]

(i) At the temperature of the reaction, K, =29
._.:m_umam_v_.mmm:qmmoﬁmoamozsm mmmm.

I -an equilibrium mixture at this
temperature are given in the table.

gas partial _u_.mmm.:
CH,
H,0

H, 12,0

Calculate the partial pressure of carbon ma

: ; undar these conditions.
Give your answer to a suitable number of 5

At figures,

ﬁnﬂ.u_ " " atm [3]

A&SCmm _..mo_dmﬁm:m_..mn:.:nwv_m_oEm&.o:rmmoamn2 decraasing the total prassure on
the yield of hydrogen in equation 4.1, G

2654 Junog
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“
13 mx%u_“mxm
(i) Suggest a reason why a pressure of around 30 atm is used for the process. e
(e) The mixture of gases from the reaction In equation 4.1 is mixed with more steam and
passed over a hot iron catalyst. The carbon monoxide Is converted to carbon dioxide.
(i) Write an equation for the reaction of cairban monoxide with steam.
(2
{ii} Suggest two reasons why the carbon monoxide Is not released into the atmosphere,
() {i) Predict the sign of bmwﬁ for the forward reaction in equation 4.1. Explain your
reasoning.
CH, (g} + H0(g) = COfg) + 3H,(g) . equation 4.1
{ii} Use the entropy data given in the table below to calculate the value of bmwﬁ
(with the correct sign) for the forward reaction in equation 4.1.
compound 8%/ 4 K1 mot-t
CH,(g) +188
H,0(g) +188
GO({g) +198
Hy(g) +131
AS = s K-t mol=113]
[Total: 20)
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The dye Disperse Yellow 7 dyes polyesters but not cofl

N=— Nz Nl OH

Disperse Yellow ¥

(a) How many carbon and hydrogen atoms are the

carbon atoms .

hydrogen atoms vrssnmrrrnnaes s serase sene [ 2]

(k) Why does a yellow 'substance ook yellow?

T T T P T T P TP PR T T YT RT P [XOITIEETEY

SO T E T I R R LRI R LTI TTIITT I TR TP I T T TY P PP T TP PRI TYEPT P ¥

[2]

RN SRR R LR e b b nrnnnns [T

{e) The dye molecule has delocalised electrons.

i ddraar

(2]

et SO £ 1

beatibnbe

2654 Jundf
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it chromophore of the molecule.

{he dangth. om the shromophore in a dye molecule decreases the
%mz abthe light mcmoa Huggest an explanation for this in terms of energy
_mé

L O Y P TR NI T AL L] Lenai cen

T T T T Y

(d) (i} Suggest the reagents and condltions that might be used to substitute another CH,

group into one of the aromalic tings in Diaperse Yailow 7,

PET LT T T e aur

...... A R R A b e Biedeeenay

{ii) Explain why this is described as a substitution reaction.

.21

(ii) Circle a word in the list below that describes JIhe mechanism of this substitution
reaction.

electrophilic radical nucleophilic [1]

(e) Disperse Yellow 7 can be made by the following route.

(i} In step 1, the amine group is reacted with cold nitrous acid. Name the type of
compound that is formed {(compound Y).

Iltmﬁm_o 1 Compound Y Step2_ 2, Disperse
<m__os..\

b LT PRI T Ty

[1]

(i) Instep 2, compound Y is coupled with another reagent. Draw the structure of this
. reagent.

12]
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HO

Disperse Yellow 7

{f) The structure of cotton can be represented as shown halow.

OH OH CH.CH (?H OH
[ ] 1
I! l cotton I fibre 1' I

| | i

CH,OH OH OH CH,OH

The structure of polyester can be represented as shown below.

0 0
— c—o"\__o—C—

Use your understanding of intermolecular forces to explain why Disperse Yellow 7 dyes
polyester much better than it dyes cotton. .

[Total: 24)
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