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2 For 3 Fo.
Exarnars Examn
1  The table below shows [nformation about some aleohols which form part of an homologous tse () {i) Plot a graph of boiling point against number of carbon atoms In a melecule of the st
series. alcohol,
. - relative
name formula boillng point / °C molecular mass 200
methano! CH,OH 85 32 180
ethanol C,HOH 78 46
160
propan-1-ol C3H7OH 97 60 o
< i
butan-1-ol | C,H,OH 74 £ 140 = -
(=%
pentan-1-al | C.H,,0H 138 2 120 =
B e
hexan-1-ol CgHyz0H 158 102 S 400 * BiERs
{a) () Identify the functional group common fo all alcohals.  .ooiaseereeesecnne [13 80— 1_ o =
SRS “He, o} :
(i) What is the general formula for these alcohols? i [1] 60—== i S : !
(i) What is the formula of the next alcohol In the series? ... 11 ‘[; f,;f *f:: h"'""l et P ‘iﬁ 5
{b) Calculate the relative molecular mass of pentan-1-ol. 1 2 3 4 5 6 7 8
number of carbon atoms in
a molecule of the alcchol 2] ‘
Use the graph to estimate the boiling points of %
i butan-1-ol, . 1] 1
GoHi7OH. e i
{ii) State the connection between boiling point and the relative molecular mass of
these alcohols. :
-
[Total: 9]
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The hydrocarbons in crude oil can be separated by fractional distillation.

(a) Explain what is meant by the terms

(i)  AYOIDCEDONSG, cocverriiirristrisncsinserinst e s remp e ac et st amas tmire st de s e RA e b nas b b e s e
1]

(i) fractional dISHHATION. ......ccecviviiecercvsme s ris e s e s s e rmnna
.............................................................................. [

(b) Undecane, C,,H,,, can be isolated by fracticnal distillation.

Caleulate the percentage composition by mass of carbon in undecane.

=

{e) Undecane can be cracked into nonane and compound A. One molecule of nonane
contains nine carban atoms.

(i) Write a balanced equation for this reaction.

2]

(i) Name compound A.

-1
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(d)

5

Hydrocarbons of formufa C;H.;, can also be isolated from crude oil,

(i} Draw the three structural isomers of CH,,.

lsomer B Isomer C Iscmer D

(3

(iiy Isomers, B, C and D can be separated by fractional distillation. State the order,
lowest boiling point first, in which they would distil.

-+ [1]
(iif} Justify the order staied in (d){ii).
-
{iv) Wite a balanced equation for the complete combustion of pentane, C.H, ..
- [2]
{v) Why do oil companies isomerise alkanes such as pentans?
............ PR i | |
[Total: 16]
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3 Propane, C H,, reacts with CL, in the presence of sunlight to form a mixture of chlorinated

products. One possible product is C,H,Cl, formed as shown in the following equation.
€4Hj + CL, — C;H,Cl+ HGl
(a) Describe, with the aid of equations, the mechanism of this reaction.
L7117z e L PSPPSR

propagation

L1=Tia2) L= 1T O RN 4]

(b) One other possible product of the reaction between propane and chlorine is compound
H, shown below.

compound H

(i) Name compound H. ..ot [1]

(i) Draw two other structural isomers of C;H.CL,.

(2]

{c} 1-Chloropropane can react with a solution of sodium hydroxide as shown in the equation
below.

C,H,Cl+ OH- — CH,0H + CI
(I} State the solvent in which the sodium hydroxide is dissolved.
- [1]
(i) State and explain the role of the hydroxide lon, OH~, in this reaction.

2B124)and]
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(d} Propan-1-ol, C;H_OH, is refluxed with an acidffied solution of potassium dichromate(VI)
to produee propancic acid. The acidified potassium dichromate{VT) acts as an oxidising
agent.

(i) Explain what is meant by the term reffux.

{ii) State what colour change takes place in the reaction mixture.
/o 10 i [2]

(i) Write a balanced equation for the oxidation of propan-1-ol to propanoic acid. The
oxidising agent can be represented as [O] in your equation.

.. [2

(2) An infra-red spectrum of propanoic acid was obtained. By referring to your Data Sheef,
identify two peaks in the infra-red spectrum that confirm the presence of the carboxylic
acid functional group.

IR

T Ll T T b T T T T T
3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600

wavenumber/cm™!

Peak 1 wavenumber/emn™!
bond
Peak 2 WBVBNUMDBEI/CIM™! e s st e s e s
bond
[4]
[Total: 19]

Fc
Exarm
Uis

2812/Jan01 [Turn over




8 For 9 For
Examninet Examine
4 (a) Propene, C;H,, readily undergoes electrophilic addition reactions. Show, with the aid of tse {lii) Inthe presence of an acid catalyst, propene can react with steam to form a mixture vee
curly arrows, the mechanism of the electrophilic addition reaction of propene with of twa alcohols. Draw the structures of the two alcohols. i
bromine.
H /CH3 T T T E
CEC\ — — H—C—C—C—H

o L
Br roEr _
Br [4] [2]
: (b) Propene also reacts as shown below. (¢) The scientists Ziegler and Natta were awarded a Nobel Prize for chemistry in 1983 for )

their work on polymerisation. Part of this work involved the polymerisation of propene
H\ CHj into poly{propene). :
/C:C\ () What type of polymerisation forms poly(propene}? :
H H
i reaction 2 (ii) Draw a section of poly(propene} to show two repeat units.
reaction 1
[0 17
H—C—G—C—H H—Cl—T—(TﬁH
H Br H H H H
2-bromopropane propane :
1]

{i) State a suitable reagent for reaction 1. (iii) State two difficulties in the disposal of poly(propene). ‘
(i) State a suitable reagent aﬁd conditions for reaction 2. ‘
-2 :
..... . . R [Total: 13]

2812/08001 28120801 [Turn over
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Alcohols can be converted into chloroalkanes by reaction with hydrochloric acid, HCL
2-Chioro-2-methylpropane can be prepared by shaking together 5.1cm? (4.0g) of
2-melhylpropan-2-ol with 20erm® of concentrated HCL After 10 minutes two separate layers
begin to form.

{a) (i) Whatis the molecular formula of 2-methyipropan-2-ol, (CH,),COH?

................... U o)

Use the data in the table below to answer the questions that follow.

compound mol;gl?:;’fn ass | density fgem™@ | boiling peint/ °C
2-methylpropan-2-ol 74 0.78 83
2-chlore-2-methylpropane 925 0.84 51
water 18 1.00 100

One of the Iayers is aqueous and the other contains the organic product.
(B} Suggest whether the upper or lower layer is likely to contain the organic product.

Explain your reasoning.

{c) The organic layer was shaken with a dilute solufion of sodjum hydrogencarbonate,
NaHCO,. A gas was given off,

Identify the gas that was given off, ... s ssse s snenanons [1]
Suggest the chermical that coutd have reacted with the NaHCO; to form the gas.

28127 Jonl1
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(d) The resulting impure organic liquid was dried with anhydrous calcium chloride and then
distilled. 3.75g of pure 2-chlorc-2-methylpropane was produced.

(i) At what temperature would you expect the pure organic product to distil?

-

() Calculate how many moles of 2-methylpropan-2-ol were used in the experiment,

1]

(iii} Calculate how many moles of pure 2-chloro-2-rmethylpropane were produced.

(1]

(iv) Calculate the percentage yield of 2-chloro-2-methylpropane in this experiment.

Nl

[Total: 9]
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The production of body odour often begins with secretions from glands called apocrine
glands which are most numerous In the armpits. Skin bacteria, which live in the armpits, use
these secretions to produce ensrgy and many different waste products. Scientists have
isolated one of these products, compound E, which is shown below. Compound E can he
oxidised to form compounds F and G.

HgC CH,OH H,C, COOH
N, 7 . 7
CcC—C ~—» Compound F —» C—=—C
s N s AN
GH,CH.CH, H CH,CH,CH; H
Compound E Compound G

{a) Compound E contains two functional groups. Identify both functional groups and state
how you could test for each.

functional group 1

test

observation

servation

(6]

{b)} Suggest the structural farmula of compound F.
)
[Total: 71

Lisa
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T There are two different indusfrial methods for the production of ethanol. Describe and
explain, with the aid of equations, the industrial production of ethanel from glitcose and from
ethene,

(In this question, 1 mark is available for the quality of written communication.)

. [TotaIQ]
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14 For
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8 Describe, with the aid of suitable diagrams, the bonding in ethane and In ethene. State the tise EXHSZ';B-
shape, and an approximate value for the bond angles, around each carbon atom. 1 The structures of some saturated hydrocarbon compounds are shown below,
(In this question, 1 mark is available for the quality of written communication.} They are labelled A, B, C, D, E and F.
T T P
H—C—C—C—H H—C—C—T——T—H H_T‘C_?_TAT—H
H H H H H H H H H H H H
A B c i
................................................................................................................................................. T a‘
H —0—
................................................................................................................................................. [ H—C—H H\ /H |
H—G—H H H SN
i | H—C C—H
................................................................................................................................................. P|l T F|| H— G-~C-—C—H I |
[ \ H—C C—H
I .
H—C—C—C—GC—H ¢ N :
................................................................................................................................................. ‘ | | | H H H H/ \H H i
H H H H H—?—H
|
H |
D E F A
................................................................................................................................................. (8) The general formula of an alkane is C,Hyp,- :
(i} Which of the compounds, A to F, has a formula that does not fit with this general
formula?
................................................................................................................................................................ (1]
(i) A, B, and C are successive members of the alkane series.
What is the molecular formula of the next member in the senas?
............................................................................................................................. 1]
(ili) What is the empirical formula of compound F?
-1
{b) Three of compounds A to F are structural isomers of each other.
""""""" (i) Identify, by letter, which of the compounds are the three structural isomers.
...................................................... T S ]
.................................................................................................................................... [Total&] () Explain what is meant by the term structural fsomer.
............................................................................................................................. il
2812/501
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{c) {i) Which of the compounds, A, B or C, would you expect to have the highest boiling 2  An alcohol, G, has a relative molecular mass of 74 and has the following composition by
point? mass: C, 64.9%; H, 13.5%; O, 21.6%.
............... 1
(@) (i) Show that the empirical formula of G is G,H,,C.
(i) Which of the compounds, C, D or E, would you expect to have the highest boiling
point?
............... [1]
(iti) Explain your answers to (c){i) and (¢}(ii) In terms of intermolecular forces. . [2]
{(ii) Show that the molecular formula of G is the same as its empirical formula. :
- [8] (1] :
[Total: 10] (b) There are four structural isomers of CH, ,O that are alcohals. Alcohols can be classitied

as primary, secondary or tertiary. Complete the table below.

structural

isomer formula name classification
1 CH3—CH,—CH,—CH,—CH butan-1-ol
2 secondary ;

CH;

4 2-methylpropan-2-ol

(71

2812i5m [Turn over 26126501



(c} The alcohol G can be dehydrated to form an unsaturated compound H which can be
polymerised to give polymer .

LT T
unsaturated
alcohol G _bcompound H _(I;_ cl;_ (I;_(lg__ T_T_

H H H H
polymer |

(i} Explain what is meant by the term unsaturated.

(i)

(iii)
{iv)

)

(vi)

H

H

............................................................................................................................. [1]
Describe a simple chemical test to show unsaturation.
BB e bttt et st r et er et e
OBSEIVALION ..ot et vt e e st e e e naan s st ne s e s ees e mamaneane [2]
Circle the repeat unit of polymer | in the diagram above. [1]
Identify the unsaturaled compound H and draw its structure.

[1]
Suggest an identity of alcohol G.

[l
Draw the skeletal formula of the alcohol G,

[

[Total: 17]
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Some reactions of 1-bromobutane, CHyCH,CH,CH,Br, are shown below.

CH

(b)

CHaCH,CH,CH,OH CH3CHzCHoCHoNH

reaction 1 reaction 2

CHaCH-CHLCH,Br
1-bromobutane

reaction 3

CHgCHoCH==CH,

For each of the reactions shown, name the reagent and the solvent used.

reaction 1

== Lo =T 1 PR P PP
a1 Ty ST

reacygn 2

(=TT ... e o
SOVENL worercccererreecnnn e g It

reaction 3

1eagent gl s ss e SRR e e e et

L] =T | P UROTORIO:.  PrToRRRn [6]

Under the same conditions, 1-chlorobutane was used in reaction 1 in place of
1-bromobutane.

What difference (il any) would you expect in the rate of reaction? Explain your answer.

2B12/1501
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{c} Dichlorodifluoromethane, CCL,F,, is an example of a chlorofluorecarbon, GFG, that was
commonly used as a propellant in agrosols. Nowadays CFCs have limited use because
of the damage caused to the ozone laysr.

(1) Draw a diagram to show the shape ot a molecule of CCLF,.

I
(i) Predict an approximate value for the bond angles in a molecuie of CCLF,.
............... [1]
(i) Suggest a property that makes CCI,F, suitable as a propellant in an aerosol.
............................................................................................................................. [1]

(iv) When CFCs are exposed to strong ultraviolet radiation in the upper atmosphere,
homolytic fission takes place to produce free radicals.

Explain what is meant by the term homolyiic fission.

{(v) Suggest which bond is mast likely to be broken when CCLF, is exposed to
ulfraviolet light. Explain your answer.

[5¢SO O S UU PR
== L] e S
. [2]

(vi) Identify two free radicals most likely to be formed when CGCL,F, is exposed to
ultraviolet light.

.......................................... And . e i2]

[Total :16]
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Cyclohexene, CgH,,. can be prepared from cyclohexanol, CgH,;OH, by the dehydration
method descrived below.

A reaction mixiure of 10.0g cyclohexanol and 4cm?® of phosphoric acid, H,PQ,, was placed
in a round-bottomed flask and the apparatus arranged as shown below. An impure Ifquid,
consisting of lwo immiscible layers, was colfected after distillation.

Liebig condenser

reaction
mixture

layer
containing
cyclohexene

The upper organic layer was separated and dried. Finally it was re-distilled o yield 5.69 g of
cyclohexene.

The equation for the preparaticn can be represented as either

OH
SEEIeRr
or
CeHyOH ——+ CeHig  + H0

Use the information above to answer the questions that follow.

(a) Suggest an impurity that could have been in the mixlure after the first distillation.

28121501
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(b} (i} Whatis the relative molecular mass of cyclohexanol? 5 Reagents used in organic chemistry may contain electraphiles, nucleophiies or free radicals.
............................................................................................................................. 11 In the spaces below:
explain what is meant by each term;
{ii) How many moles of cyclohexanol were used in the experiment? give an example of each type of species;
write a balanced equation for 2 reaction that involves each spacies.
(@) ([} ©IBCIOPIID ..coooe ettt snr s et e b s R et
-1 i
(1] i
(i) BXAMPIE ovoveeerevreeememeremsseereeereem st s e seesssnpsssssssssmssnsanrnscooesssssansnss [1] L
(ili) How many moles of cyclohexene were produced in the experiment? E
(i) Write 2 balanced equation to illusirate electrophilic addition. L
............................................................................................................................. 1] ;
(D) (1) FUCIEODANE coovvoeeeereeeeve e sesossas s s vemss s e nesenssessse e eressabacss st e ssma s
2] | s ———— e AR AR ]
(iv) Calculate the percentage vield of cyclohexene in the experiment. () BXAMPDIE ..cvirerierermraeemreeceree st ssisssssasars s mnsmssensssesssisesnes (1]
(ili) Write a balanced equation to illustrate nucleophilic substitution.
- 1] i
(€) (1) FrBE FAOIGAL ovvroreicecmree e eeeeesees e ca s st bt b e b s s ;
12] |
............................................................................................................................. M1
(c) Suggest how infra-red spectroscopy could be used to show that the product was not
contaminated with any unreacted cyclohexanol. Refer to the Data Sheetin your answer. () BXAIMDIE .o eceeeeers et e s st s b s et 1]
........ (iii) Write a balanced equation to illustrate free-radical substitution.
.......................................................................................................................................... eeeeeetteeeeararenssaas sttt semetneeeatseE 4ot 1A A e e eEee et enare e E b et rn et e enne b nasans asmnssnsearres 1]
[Totak 9]
..................................................................................................................................... 2 i
[Total: 9]

2812/501 [Turn over 28127501



1

Many drinks have a characteristic smell. 2-Ethyl-3-methylbutanoic acid, C;H, ,0,, gives rum
its characteristic aroma.

(a) 2-Ethyl-3-methytbutanowc acid can be preparsd in the laboratory by oxidation of
2-gthyl-3-methylbutan-1-ol, (CHg),CHCH(C,Hg)CH,0H.

(i} State the reagents and conditions that could be used for this oxidation. Describe
what colour change you would see.

reagents
conditions
O ivveeeree s . 4]

colour change Fom ...l

(i) State, with a reason, whether a reflux apparatus or a distillation apparatus should
be used to produce the correct oxidation product.

. [2]
(iii} What is the molecular fermula of 2-ethyl-3-methylbutan-1-ol? ... 1
{iv) Using [Q] to represent the oxidising agent, write a balanced equation for this
oxidation.
. [2]
(v) Identify a likely organic impurily which could be formed in this oxidation.
1]

{b) If 2-ethyl-3-methylbutan-1-ol were replaced by 2-sthyl-3-methylbutan-2-ol, oxidation
would not occur in this experiment. Explain why not.

[Total: 12]

2612801 [Turn over
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Exarm
(in this question, 1 mark is avallable for the quality of written cormunication.)
7  Describe and explain how ethene reacts with bromine. You should include in your answer:

*  any observations,
»  the name of the organi¢ product,

* afull deseription of the mechanism.

[Total: 7]
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(in this question, 1 mark is available for the quality of wrilten cormmunication.)

8 The fractions from crude oil can be processed further by either cracking, reforming or
isometrisation.

Qutline, with the aid of suitable exarmples and equations, each of these processes.

State clearly the industrial importance of each process.

" Motat: 10]

281280
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{a) State the name of

2

Answer all the questions.

{i} CH,CH,CH,OH 1]
(ii} /\( 1]

OH
(b) What s the molecular formula of  {CHa),GHCOH{CHZ),7 v [1]
(c) Whatls the empirical formula of  (CHg),CHCH(CHZ),? woreeeee e [1]
{d} To which homologous series does (CH,),CHCH{CHgG), belong? . vmveiiieneoniii [11

(8) Show the structural formula of a primary, a secondary and a tertiary isomer of C,H,CT,

primary

secondary

terhary

2812 Jand2

13]
[Total : 8]
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3

(a) When chlorine, CL, reacts with msthane or with ethene the Ci-Cl bond undergoss

fission. The bond fission cccurs by a different process in each reaction.

(i) Explain what is meant by the term bond fission.

............................................................................................................................... [1]
(ii) State the type of fission of the CI-Ci bond in the reaction between Cl, and
mathane, e ..............................................................
BINENE. e e g et b SR e ben s eme e er s 2]
(iii) Write a balanced equation to illustrate each type of fission of the CI-Ci bond.
............................................................................................................................... [2]

(b) The products formed by fission of the CI-Clbond can then react with a range of organic

chemicals. Identify the product of CE-Clbond fission that could behave as:
BOUCIEOPHIIE, et rr i s e rr s e s e s reer e e s e e e Rr e e e bRt s
an electrophite,

a free radical, OO I |

[Total : 8]
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3 The table below gives the names and molecuiar formulae of some alkanes present in crude *
oil.
name molecular formula
methane CH,
ethane C,H;
propane C.Hy
hexane - CHy,
octane CeHig
decane CoHa
octadecane CygHsg
(a) (i) What is the general formula of the alkanes? ... e [11
(i) What is the difference in formulae betwaen successive members of the alkanes?
«[1]
{(ili}y Suggest the molecular formula of the alkane hexadecane? .......wrniicenn [1]
(b) (i} Exptain why the cracking of long-chain alkanes such as octadecane is important.
2]
(i) Under certain conditions octadecane, C,gHgq, can be cracked into hexane and an
alkene. What is the molecular formula of the alkene?
-1
(c) Hexane can be cracked further into propane and propene as shown below. 5
|
H H H H H H C—H
iadad de I, Nes
—_— =
/C// \C/ \\C/ \\H H~/ \C/ \\H s \H
H? H / H \ H H | H _
H H H H :
hexane propane propene 5
() Predict the value of E
bond angie ‘a’ in propane ........... and  bond angle ‘b’ in propene ............[2]

B4 Lamld
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(ii) Propene is unsaturated and contains a m-bond. Explain, with the aid of a diagram, tee
how p-orbitals are involved in the formation of the -bond in propene.
2]
{iii) Describe how propane and propene could be distinguished by a simple chemical
test.
2]
(d) A major commercial use of propene is the preduction of the polymer poly(propens).
(i) Draw a section of poly(propene)} showing two repeat units.
2
(i) State the lype of polymenisation ... s 1]
{e) Hydrocarbon polymers such as poly(propene) can be disposed of by using land-fill sites
or by burning in an incinerator.
{i) State one disadvantage of disposal in a land-fill site.
.......................................................................................... [1]
(i) Slate one possible advantage and one disadvantage if they are disposed of by
burning.
advantage
disadvantage
.......................................................... 2]
[Total : 18]
2812 Janaz [Turn over
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Halogencalkanes are polar molecules and react with nucleophiles.

{a) The displayed formula of chloromethane s shown below. Label the dipele on the G-Cl
bond.

[

(b} Chloromeihane is hydrolysed by agqueous sodium hydroxide in a nucleophilic
substitution reaction. An equation for this reaction is shown below.

CHLCl+ OH-— CH,OH + CI”

(i} Whatis meant by the term nucleophiie?

1

(i) Show, with the aid of curly arrows, the mechanism of this hydrolysis.

(2]

{¢) (i} What would happen to the rate of hydrolysis if chioromethane were replaced by
iodomethans? Explain your answer.

(i) Suggest a reagent that could he used to compare the rate of the hydrolysis of both
: halogenoalkanss. State what you would see in each case.

TEAGENT .1vevusessreresrssresseeessaressastssssrsessebntsissssabs st sabsnbs s mEapemeEanmnE s 1 Shd RS E AL e een

observation(s) with chloremethane ...t e

3842 Jan0?
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7
{(d) Compound D has the following compaosition by mass: C, 12.76%; H, 2.13%; B, B5.11%.

(i) Calculate the empirical formula of D. Show your working.

(2]
(i) Compound D has a relative molecular mass of 187.8.
What is the molecular formula of D? Show your working.
[2]
(ii) Identify two possible structural isomers of D.
(2]

{e) Complete hydrolysis of D forms ethane-1,2-dic}, which is used as anti-freeze in cars.

(i) Draw the displayed formula of ethane-1,2-dial.

(1]
(iiy Which of the isomers in (d){iii) is D. Explain your answer.
(11
(iii) Write a balanced equation for the complete hydrolysis of D.
............................................................................................................................... (2]
(iv) Suggestwhy ethane-1,2-diol is suitable for use as anti-freeze.
1]
[Total = 22]
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Alcohols can react with carboxylic acids to produce esters. Esters are often described as
having fruity smells’.

The following experiment was carried out to produce the ester, CH,COOCH,CGH,CH(CH,),,
which contributes to the ftavour of ripe pears.

An 8.8g sample of 3-methyibutan-1-ol, (CH,),CHCH,CH,OH, and 6.0g of ethanoic acid,
CH,COOH, were mixed in a flask and 2.0g of concentrated sulphuric acid were added, The
mixture was refiuxed for four hours and then fractionally distilled to give the crude ester. The
ester was washed repeatedly with aqueous sodium carbonate, to remove any acid prasent,
until there was no more effervescence. The mixture -was distilled and 7.8g of pure ester
were obtained.

(a) By referring to the experimental procedure above,

(i} state the role of the concentrated sulphuric acid,

1]
(i) explain the meaning of FEfUXED, ... e err e enea
1]
{ili) suggest which gas was responsible for the effervescence.
............................................................................................................................... 1]
{b} The equation for the esterification is given below.
O O
7 4
HSG—C\ + HOCH,CH,CH(CH ), — HSC—fC\ + H,0
OH OCH,CH,CH(CH,},
{i) Calculate the relative molecular mass of GH;COOH.
ANBWET .vvrervevvamarermreresresessesese| 1]
(i} Calculate how many moles of CH,COOH were used.
ANSWET ...c.evrerecerecreee e e 1]
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(i} Deduce the theorefical yield, in moles, of the ester CH,COOCH,CH,CH(CH,),.

B8 4 E- 1) OO b | |
(iv) The student produced 7.8g of the pure ester, CH,COOCH,CH,CH{CH,),

{M, =130} Calculate how many moles of pure ester were produced in this
exparimant.

ANSWET ..ot inenmnens 1

{v) Calculate the percentage yield of pure ester obtained In this experiment.

ANSWET 1ot precan {11

(¢) Butan-1-ol, CH,CH,CH,GH,OH, reacts with a carboxylic acid to produce ester, E,
which is found in pinsapples.

CHgCHzCHg__C

——CHoCHoGHaCHa
E

(i) Draw the displayed formula of butan-1-ol.

NF!
(i} Draw the structure of the carboxylic acid used to produce E.

il
(i) Write a balanced equation for the formation of E from butan-1-al.

(1]

[Total : 11]
™,
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6  The structure of linalool, CwHwO, which occurs naturably in rose oil, is shown below.

GHo HC, OH OH
C 2 3 \c/ CH
H3C/ \\\C/ \C/ \c// 2 \ /
A = i

structural formula skeietal formula

{a) Ideniify the two different functional groups present in linalool.

..................................... 2]

(b) Linalool reacts with hydrogen in the presence of a catalyst. A fully saturated compound,
A, is produced.

() Explain what is meant by the term saturated.

For
Examiner's
Use

...................................................................................... M]
{ii} Suggest a suitable catalyst for this reaction, .. 1]
{tif) Complete the reaction scheme below.
(s HaC: OH
My 3 AN : excess H,
C C. (o] CHy [ ————»
H G/ \C/ \C/ \‘C/ + a suitable
e A Ha A catalyst
compound A
[2]
(iv) Draw the skeletal formula of A.
(1
[Total : 7]




7

11 For

Examiner
. : . . . . s Use
(a) Explain what is meant by the terms structural isomerism and cis-frans isomerism. In

your answer refer to isomers of C,H, only. Clearly identify by formula and by name
each isomer and state the key feature required for each type of isomerism.

{in this question, 2 marks are available for the quality of writterr communication)

Question 7 part (b) overleaf

.-

12

Question 7 continued.

(k) Under certain conditions alkenes such as propene can react to form alcohols. State the
reagents and conditions required. Write a balanced equation and explain why it is
possible to produce two different alcohols.

Total : 16]

Copynghi Acknowledgemen!

OCR has made every effort to irace tha copytight holders ef items used 1n this Quashon papsr, but if we have nadverienlly overlooked any, we
apologise
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2

Answer all questions.

The refined fractions of crude oil are used to make many organic compounds. In turn, these
compounds are used to manufacture a great variety of products.

The reaction sequence below shows the production of hexane from frastional distillation of

crude oil followed by cracking, reforming and isomerisation.
compound
A

fractional cracking
—raciond: +
crude al distillation hexans

isomerisation reforming

branched
atkanes cyclohexane

{a) The cracking of hexane produces propene and compound A,
(i) Complete a batanced equation for this cracking of hexane.
CHiy == e it [1]
(i)  Name compound A. ... seses s ssssssssssssssssssses] 1]
{b) The referming of hexane produces cyclohexane.,
Write a balanced equation for this reforming.
waf1]
(c) The isomerisation of hexane produces four branched alkanes.

In the boxes below show the structural formulag and names of two of these branched
isomers.

14]

ror 3
Examner’s
Use {d) State why hydrocarbons such as hexane are both reformed and isomerised by oll

companies.

(e) Crude oil and its fractions are described as non-renewable fossil fuels, To reduce the
demand for fossil fuels ethanol can be mixed with petrol. Ethanol 1s an example of a
renewable biofuel.

(i) Explain what is meant by a biofuel.

fTotal ; 11]

2812 Jund2
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4

Halogenoalkanes are useful synthetic reagents for the preparation of many important
chemicals. Three reaclions of bromosthane ars shown belgw.

reaction I
heat with NaOH
dissolved
in water

reagent o g

| conditions ...........

H NH,
ethylamine

(a) (i) Identify the organic products in reactions I and Il by writing their structural
formulae in the relevant boxes, [2]

(ii} Name the type of reaction involved in

reacton |, .........
e

reaction |
(b) Write, in the space provided in the reaction scheme above, the reageni aagesonditions
requirc T MSaggELbromoaethane into ethylaming in reaclion Ll [2]

For
Examiner’s
Use

For
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. Use
{¢) {i) 2-bromobutane can react with ethanolic NaOH to form two structural isomers,
each with a molecular formula of C,H,.
Draw and name each of the isomers.
isomer
(1721111 S o B
f4]
(i) One of the isomers in (c) (i} can have cis and trans forms. In the boxes beltow, draw
these cis and trans isomers.
cis isomear frans isomer
[2]
{iii) State two key structural features required for cis-trans isomerism fo exist.
R OSSPV PP S
-3 PO OO PSSR 2]
{d) Each of the isomers drawn in (c){i) can form a long-chain polymer, Ths structure below
shows a section of one of lhese polymers.
[P e
—C—CﬁCﬂC—-C—(.i‘,ﬁ
H H H H H H
{i) Draw a circle around the repeat unit. [1]
(i) State the type of polymerisation. eereeeeseesreeansesanesenntatessaustsn et snaessomssesasssomscesiecnnne[ 1]
(ii} ldentify which of the lsomers in (}{i) formed the polymer.
-]
[Total : 18]
2812 Jongz [Turn over
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6
A student was given the following instructions for the oxidation of an alcohol, CHgO.

To 20 cm® of water in a flask, carefully add 6cm? of concentrated suiphuric acid, and set up
the apparatus as shown below.

NayCraO;(aq) + CaHaO(l)

H;50,{aq)

Make up a solution containing 39.3g of sodium dichromate(Vl), Na,Cr,0;, in 15cm® of
water, add 18.0g of the alcohol, C,Hg0, and pour this mixture into the dropping funnel.

Boil the acid in the Fask. Add the mixture from the dropping funnel at such a rate that the
product is slowly collected.

Re-distil the praduct and collect the fraction that bolls between 48 °C and 50 °C.

(a) Identify the possible isomers of the alcoho! C4HLO.

fe]
(b) The balanced equation for the reaction is:
3GC,H;0 + Na,Cr,0; + 4H,50, ——3C,H,0+ Na,80, + Cry(S0,); + 7H,0

{i) The mass of Na,Cr,0; used was 32.39. Calculats how many moles of Na,Cr,0,
were used. (The molar mass of Na,Cr,O is 262gmol™)

YT U ——— |

2119 led1?
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(ii) The amount of C;H.O used was 0.3G0 mol. Explain whether C,Hg0 or Na,Cr,0,
was in excess.

............................................................................................................................... 1]
{(iiiy State the colour change that the student would cbserve during the reactian.
o111 JO U |« TRV OO PR [2]
{c) The student obtained .22 g of the carbonyl compaund, C,H.O.
(i} Galculate how many moles of C,H,0 were produced In the experiment.
[2]

(i) The theoretical yield of C H,O is 0.300mol. Calculate the percentage yield of
C4H:O obtained by the student.

ANSWET v [17
{(d) An impure sample of C,H.O obtained by a student was analysed using infra-red
spectroscopy. The infra-red spectrum contained an absorption between 1680 and
1750 cm-. 1t also contained a broad absorplion in the region 2550 to 3300cm! due to
the impurily.
Refer fo the Data Shest provided.

(i) What does the absorption at between 1680 and 1750 cm~! indicate?

(i) What does the broad absorption in the region 2550 to 3300 cm' indicate?

{iii) Identify which of the alcchols n (a) was used by this student. Explain your answer.
The alCOhol USET WAS ....coieerirereceeese e ecee e vemseenss st e smn e e emenesseeme sttt ar s s st svanenes

T2 at= T =] U PP PP

[Total - 12]
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8

An organic compound A was analysed and found lo have a relative molecular mass of 62
and a composition by mass: C, 38.7%; H, 9.7%; O, 51.6%.

{a) (i) Calculate the empirical formula of compound A.

12]

(i) Peduce the molecular formula of compound A.

0l

{(b) The wfra-red spectrum of compound A showed an absorption between
3230-3550cm™.

State the functional group indicated by this absorption.

1]

(c) One molecule of compound A can react with an excess of ethanoic acid, CH;COOH, to
produce the compound shown balow.

o) T T o
&
>CO—C|F*(.3—O—C<
HaC oM CH

Deduce the identity of compound A.

il
{d} Suggest why compound A has an unusually high boiling point of 198°C,

For
Cxarmmer's
Use

9

Chlorine reacts readily with ethene in the dark but does not reacl with methahe unless
sunlight or another source of ulira violet light is present.

State and describe, with the aid of suitable equations,
*  the mechanism of the reaction between chlorine and methane,
= the mechanism of the reaction beiween chlorine and ethene,

= the type of fission thal the GI-CI bond undergoes in each of the mechanisms.

in this question, 1 mark is available for the quality of written communication.

12]
QWG 1]

[Total : 13]

For
Examimner's
Use




Answer all the questions,

This question Is about halogenoalkanes A to D, shown below.

A B
H H H H H CHyH
D G S GV P S . S
LAl b
c D
H H H H H CHyH
Y N G PR D S S
T T

{a} Answer the questions that fallow by using the appropriate letter A, B, € or D. Each
letter may be used once, more than once or not at all,

{i} Which is 2-bromo-2-methylpropane?

-1

(i} Which could react with hot aquecus sodium hydroxide to produce butan-2-ol?

. ]

(i} Which gould react with hot agueous sodium hydroxide to produce a tertiary
alcohal?

-

(iv) Which two could react with hot ethanolic sodium hydroxide to produce but-1-ene?

For
Examiner's
Use

3

{b} Compound A can react with ammonia to produce an amine.

(i) Complete the equation for this reaction.

{c) Compound D can react with aqueous hydroxide lons OH™. The hydroxide ion 15 a
nucleophile.

(i) Define the term nucleophile.

- 11

(i} Draw a ‘dot-and-cross’ diagram of the OH™ ion. Show outer shell electrons only.

(2]

{iii) Identify the organic product formed when compound D reacts with
aqueous OH™ ions.

M
[Total: 12]
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{a) (i) The brominated alkene, C;H,Br,, has five possible structural isomers.

What is meant by the lerm structural isormer?

(if) Two of the structural isomers of C,H,Br, are drawn below.

4

Draw the cther three structural isomers,

CH, CH=—CBr,

CHy GBr —CHBr

(1ii) Name isomer 1

(b) Isomer 2 in {a)(ii) shows cis-trans isomerism.

(1} Draw the cis and frans isomers of isomer 2,

cis

trans

e

[3

.0

(2

For
Examiner's
Use

(i) State the approximate bond angle around each carbon atom involved in the C=C
double bond of these cis-frans fsomers.

.1

(ifi) lsomer 1 does not show cis-trans isomerism. Explain why not.

- 1

{iv) !dentify one of your isomers, 3, 4 or 5, in (a)(il) that does show cis-trans
isormerism,

[E=Ta ] 411 N does show cis-frans isomearism. {11
[Total: 111
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Each of the compounds, G, H and !, has the molecular formula GH,,.

H CHy H H H HHH H H CHyH
PSSP SR VP N 0 S0 VR UND S0 N S
N O A A N AN
G H 1

{a) (i) Which compound has the highest boiling paint?

|
(iiy Which compound is most likely to be a gas at room temperature?
- 1
(iii) State the type of inlermalecular forces present in all three compounds.
- ]
(b} G, H and!all react with bromine as shown below.
CgHy, + B, — G H;;Br + HBr
The reaction 1s nitated by the formation of bromine free-radicals.
(i) What is meant by the term free-radical?
- 1]
(i) Write an equation to show the formation of bromine free-radicals.
- {11
{iii) State the type of bond breaking involved in the formation of bremine free-radicals.
- 1
(iv) Write equations to show the twa propagation steps that lead to the lormation of

C.H,,Br.

-2

For
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(¢) Each of the compounds, G, H and | can react with bromine to form a
mono-bromo compound, CgH,,Br.

Deduce the numbar of possible structural iscmers, each with formula CH;Br, that
could be made by the reaction of bromine with

(i) COMPOUNT G cevvvniiirinasersimieiesse et e es st s s s s b

(i) COMPOUNT H oo b
(1) COMPOUNA L oot ecmsts s rrm s by e e b s a2
(3]

[Total: 11]
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4 Menthof 1s a naturally occurring eyclic compound found in peppermint oil. It has been used
in throat sprays and cough drops for many years.

The structural and skeletal formulae of menthol are shown below.
i
c’H
H,C” CH,

Or OH

structural formula of menthol skeleta! formula of menthol

{a} (1) whatis the molecular formula of menthol?

- 1

(ii) [dentify the funciional group present in menthol and classify it as either primary,
secondary or tertiary.

Functional group ..o seevieesinseeesneees CIASSHCATION coveisissisnerssicscnisseinnns [2]

(b} When menthol is reacted with hot concentrated sulphuric acid, H,SQ,, two isomeric
alkenes, each with formula G, H, 5, can be formed.

Draw the skeletal formula of each of the isomers formed.

- ™ ( N

- and

OH

menthol \ / L J

(2

For
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(c} Identify the organic product formed when menthol is reacted with ethanoic acid,
CH,COGCH, in the presence of an acid catalyst. Draw its structure befow.

-

\

(2]
[Total: 7]
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Ethene can be used 1o manufacture chloroethene H,C =—=CHC!. This involves the
following reactions.

step 1 H,C=CH, =+ Cf —> GIHLC-CHCI

step2  GIH,C-CHCl 20¢ 5 H,GC=—=CHCI + HCI

{a) () State the type of mechanism invalved in step 1.

N

(i) Complete, with the aid of curly arrows, the mechanism involved in step 1. Show
any relevant dipoles and charges.

H,C=—=CH, —— > ——— CIH,C-CH,CI

Ct

Gl
4

{(b) The chioroethene (also known as vinyl chloride) produced can be polymerised to form
poly(chloroethene) or PVC.

(i) Draw a section of the patymer, PVC, 10 show two repeat units.

[1]

For
Examiners
Use

1

(i) Describe the difficulties in the disposal of polymers in general and identify a
specific additional problem with the dispesal of PVC.

. 3]

(i) Outline the role of chemists in minimising damage to the environment during the
disposal process.

w )

[Total: 11]
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6 Inthis question, one mark is available for the quality of written communication. e 2 E -
XM
Describe hO\{V oil companies use cracking, isomerisation and reforming 1o process fractions Answer all the questions. e
from crude oll.
For each of the three processes include relevant batanced equations and clearly st
importance of the prodﬂcts. q arly state the 1  Compound A is an alcohol with the follewing percentage composition by mass:
C, 60.0%; H, 13.3%; O, 26.7%.
(a) (i) Calculate the empirical formula of compound A.
{2
{ii) The relalive molecular mass of compound A is 0. Show that this agrees with the
molecular formula GzH, 0.
1]
(b) Compound A is one of two possible isormers that are both alcohols. Draw the structure
of each isomer.
[]
{¢) Compound A was refluxed with an excess ot an oxidising agent to form compound B.
(i) State a suitable oxidising agent for this reaction,
- 7] et reemmemmmeracemmasmsstiRsEsesEesssasRabEreeees [1}
Quality of Written Communication [1] {ii) State the colour change you would see during this oxidation.
[Total: 8] |11 1 JPO R IUPT ( SRR DR 2]
(iii} Explain what is meant by the term refiux.
OGH has made every effort to trace the capyrigh! holder of tems used in thls Question paper. but if we have
imAaAduarkAantle s {! {) L TURRY T NN (] H
............................................................................................................................ (11
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(d) The intra red spectrum of compound B is shown below.

absorbance/% 50

o) E— e —
' 1500 1000 500

4000 adoo | 2000
wavenumber/cm!
Identlfy
{i) the absorption responsible for peak X
............................................................................................................................ [1]
{ii) the absorption responsible for peak Y
............................................................................................................................ [11
{ili} the functional group present in compound B.
................................................................................... M1
(e) Using your answer to (d), explain which of the isomers in (b) is compound A.
................. - [1]

(f) Write a balanced equation for the oxidation of compound A to form compound B.
Use [O] to represent the oxidising agent.

- 12
[Total: 15}

2849 Lol
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2 Dibromoethene, C,H,Br,, has two structural isomers C and D, shown below.

H\ Br Br\ /Br
==C C=—0C
/ © ~ e ~
H Br H H

c D

(@) (i) Name compound C.

iy Whatis the empirical formula of compound 0?7
. [1]

(B) The reactlon befween either G or D and Br;, can be used to show the presence of the
C=C double bond.

{i) State what you would see when isomer C reacts with Br,,.
- [1]

{ii) State the type of mechanism for the reaction between isomer € and Br,,.

............ DOV USP P OUURPOSR 124

{¢) lsomers C and D can both behave as alkenes. For each of the following reactions,
state the conditions, if any, and identify the organic products that can be formed.

(i) Isomer C reacts with H,.

H Br
\G— ¢ + H —_—
VAN 2
H : Br
organic product
CONMILIONS 1.vvscemes vevrerareere raeemeressemseesieesstssssnssressssrsrnasaness rmnsa st bansishanrsssnnsasinss [2]
2812 Jund3
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(i) Isomer C reacts with HBr.

HBr ———

{iiif) (somer D reacts with H,O.

H Br
\C—C/ +
L=

H \Br

Br Br
AN 4
/C:C\ +

H H

conditions

HO ——>

5
+

organic products
(2]

organic product
. 3]
[Total: 12]
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3  Inthis question, one mark is available for the quality of written communication.

(a) Explain why methane does not react with reagents such as nucleophiles or
electrophiles.

........... . e eeeeeesss e pesesseeessineesssnesnssressesecsss. [2]

(b) Name and describe the mechanism for the reaction between methane and bromine.

State the type of bond fission involved in the mechanism and explain why it is difficult
to produce a single organic product.

In your answer, include any relevant equaftions and conditions.

........... ST TR . |
Quality of Written Communication [1]
[Total: 12]
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Halogenoalkanes undergo hydrolysis with hot aqueous NaOH to form alcohols.

(@ () Whrite a balanced equation for the hydrolysis ot 1-bromobutane, G, H,Br.

(i} Describe, with the aid of curly arrows and relevant dipoles, the mechanism for the
hydrolysis of 1-bromobutane with hydroxide jons, OH™.

{3

(b) The rates of hydrolysis of i-¢hlorobutans, 1-bromebutane, and 1-iodobutane were
compared by an experiment using AgNO;, solution. Aqueous AgNO, was added to
each halogenoalkane. The rates of hydrolysis were measured by timing the
appearance of the silver halide precipitate.

{i) Place the three halogenoalkanes in the order of their rates of hydrolysis with the
compound with the fastest rate first. :

B 1= 1= = AT SEOPPPRERR LR SR LN TR

SLOVWEST .veovrerernseensrerasesssemessses erseassasmernn b s seRRRE TS AR S aE e AT LA L s 2 s R R R s 11

(i} Explain the order in (i).

- 1]
[Total: 6]
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8
The question below concerns some of the chemistry involved in the brewing of beer.

Yeast ferments glucose, C,H,,0; . anaerobically (without oxygen) to produce ethanol and
carbon dioxide.

{a) Balance the foliowing equation for the anaeroblc fermantation of glucose.

(1
(b) A batch containing 36.0 kg of glucose, G H, 0, produced 2.30kg of ethansl, C,H;OH.

() Calculate the number of moles of glucose used.

(2]

{ii) Use the equation in {a) to deduce the maximum number of moles ot ethanol that
can be produced from 36.0 kg of glucose.

M, G HsOH = 48

M
{ilf) Calculate the actual number of moles of ethanol produced by this batch
fermantation.
(1l
(iv) Calculate the percentage yield of ethanol.
{1l

{c) The ethanol present in an alcoholic drink passes into the bloodstream and the liver is
involved in breaking down the ethanol. The first stage of this breakdown involves the
following reaction.

CH,CH,OH + [0] —» CH,CHO + H,0. reaction 5.1
CH,CHO is then oxidised to other products.
{i) Name the functional group present in CH,CGHO.
-1
{ii) Suggest one possible oxidation product that can be formed from CH,CHO.

- 11

2812 Juno3
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(d) Methylated spirit contains ethanol and methanol, CH,OH. Methylated spirit is unfit for
drinking because an oxidation product of methanol causes liver damage and
blindness. The methanol is oxidised in the bady in a similar oxidation to that of ethanol
shown in reaction 5.1.

Write an equation for the oxidation of methanol.

- [2]
(e) Methanol can be added to petrol.
{i) Write a balanced equation for the complete combustion of methanol.
................................. . seeeresenesessensanseaseraessessenseseseeens 1]
(i) Suggest why methanol is added to petrol,
- 1]

() Melhanol, CH,OH, can be reacted with carbon monoxide to produce ethanoic acid,
CHLCOOH.

Construct an equation for this reaction.

{g) Much of the ethanoic acld produced is used in the manufacture of the monomer
ethenyl ethanoate (vinyl acetate}. The monomer is then used to produce the polymer,
polyvinyl acetate (PVA), part of which is shown below,

H H H H H H H H
S S S O Y
—C——C—C—C—C—C——C—C—

N U T R
H (I) H (lJ H C|> H IO
C G C C

X N X ™

H30/ \0 HQC/ \O Hac/ \O Hac/ \O

(i) Draw a circle around the repeat unitin PVA, M

(i} Draw the structure ot the monomer ethenyl ethanoate (vinyl acetate).

[1]
[Total: 15]
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Answer all the queslions.

1 (a) The alkanes in crude oil can be separated because they have different boiling peints,

The table below shows the boiling points of some alkanes.

alkane boiling point/°C M
butane 0 58
pentane 36 72
hexane 69 a6
2-methylbutans 28 72
dimethylpropans 10 72
3-methylpentane a8
2,3-dimethylbutane 58 &6

{i)} Explain the trend in boiling points of the straight chain alkanes,

(i) Explain the difference in the boiling points of the three isomers with M, = 72,

L@ODH 2008
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{b} Inindustry, alkanes ars processed by isomerisation and by reforming.

() Use skeletal formulae to write an equation for the lsomerisation of pentane into
dimethylpropane. :

i2)
(I) Wiite an equation to show how pentane can be reformed.
21
{iiil) State why straight chain alkanes ara processed by isomerisation and reforming.
w1}

{Total: 10]
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5 Alkanes are unreactive and de not react with either nucleophiles or electraphiles.

{a) Explain the lack of reaclivily in an alkane such as propane.

{b) Under certain canditions propane reacls with halogens to ferm halogenoalkanes.
An example is shown below.

CH,CH,CHg + Ot, — CHGCH,CHLCL + HC

Tha reactlon is described as a fres-radical substitution reaction. It is initiated by lhe fission of
the bond in Gl,.

{i)y Whatis meant by the term free-radical?
1]
{ti)y State the type of fission that takes place when the bond In i, breaks.
]
(i) State lhe conditions necessary for the fission of the bond in CL,.
(iv) Tha reacticn mechanism for the reaction above involves two propagation steps.
Write equations to show Ihe two propagation steps.

step 1 [1]

{v) Froe-radical reactions are ditflcult to control and often result in a complex mixture of
arganic products. In the reaction of propans wilh chlorine some hexane is also formed.

Suggest how hexane could have been formed.

1]
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5
(c) Prepane can be used as a fuel in cookers whilst camping.

() Write a balanced equation for the complele combustion of propanse.
1]

{ify Explain why propane cockers should only be used in a well-venlitated space.

1]
[Total: 10}

I_@ oeR 2o [Turn over

|_@00n 2008

AR AT

5,

6

Prop-2-sn-1-0l, CH,—CHCH,OH, is a colourless liquid with a pungent smell. It ls produced in
industry to make resins, plasticisers and many other chemicals.

{a} The reaction schema below shows how prop-2-en-1-ol can be used for the preduction of a
variely of chemicals. ‘

CHACH(CH)GH,OH
reaction 2
GHaGH,CH,0H =-12881ON1_ o0 chon on 12383 o oHBrCH,Br

State the reagent(s) and catalyst, if any, for each of reactions 1, 2 and 3.

(i) reaction1 TEAGENIIS) ooviiiisiiiirsiersies ere st sr s e s e n s e s e
CAlAYEL e e s e (O]
(i} reaction2  reagonl{s) ... s e e
Lo =1 LT PO | |
{iii) reaction3 2% 10 =101 RO ORUY | | |

{b} CH,—CHCH,OH also reacts with bromine to form CH,BrGHBrGH,OH.

Describe, with the aid of curly arrows, the machanism involved. Show any relevant dipoles.

4l

EAER AR

B
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4 A chemistry student was interested n aromatherapy and decided 1o investigate rose oil which can

¢} Prop-2-en-i-ol pol ises rapidly.
© P polymerises fapidy. be extracted from both the llowers and the leaves of roses.

i) Show lhree repeat units and draw a circt d it e :
0] D its and draw a circle around one repaat unit (@) The sludent separated an organic liquid, compound A, from rose ofl. Gompound A has a

relative molecular mass of 154 and contains 77.9% G, 11.7% H and 10.4% O by mass.

Calculate tha molecular formula of compound A.

3
(ii} Write a balanced equation for this polymerisation.

[2) moleGUlar FOrmUla = . ieorinrensenreressesesssanne 3
(I} Name the polymer. ... . . [1} {b) The student reacted compound A wilh bromine and observed that the bromine was

decolourised.

(d) The products from reactlons 1 and 2 are CHyCH,CH,OH and GHZCGH{OH)CH,OH,

respectively. Both undergo oxidation reactions with acidified dishromate ions, H#Cr,0.2", () What conclusion can be drawn from lhis observalion?

() Write a balanced equation for the reaction of CHaCHECHQOH with excess H'*/CI’EOFE' OO OO TOPUTOUOOPORRPR | §

under reflux. i
Usa [O] to represent the oxidising mixiure (i) Further investigation revealed that 0.0100mol of compound A reacled exactly with
’ 3.196g of bromine,

(ii) When GH,CH(OH)GH,OH is oxidised with HYCr, 0,2 it produces a mixturs of organic
products, one of which is shown below. )

Calculate the number of moles of bromine, Br,, that reacted.

o]

HaC —C——CH,0H ANSWET = 1veverereessioietersrsssarssevesessramseeess (N0 [2]

hydroxypraopanone e _—
(i) What conglusion could the student draw about compound A from this investigation?

Suggest the structures of two other possible oxidation praducts from this reaction.

SETTTLILILITEY

2]
: [Total: 18]
l ©0CR 2003 [Turn over J ©0CR 2008

A ERAE SRR



{c) The student analysed the Infra-red spectrum of compound A and concluded that the
compound is an alcchol.

On the infra-red spectrum below label, with a letter X, the absorption that confirms that
compound A is an alcohol. [

100

fransmittance |
(%)

50+

04+ r—r—————T— — ——T
4000 3000 2000 1500 1000 500
wavenumbar / cm=1

L_s oCA2e [Turn over

|_ [Total: 13]
& 0CH 2008
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10
(d) After carelul research the studant concluded that A was one of the three compaunds below,

Hac\ H}C—-CQQ HsG HyG—CHa
HaG H——C\ HsC  HOH,C—G
CH,OH H
geraniol nerol
HSC HEC'—' CHZ GH3
C—CH \C/
/ \OH
HzC HQC:C\
H
linalool

The student heated compound A with acidified potassium dichromate and the orange colour
did not turn green. The student was thergfore able to identity compound A as one of the three
comjpounds shown abaove.

(iy Compound Ais [1]

{il) Explain your reasoning.

1]
{(e) Suggest a reagent that would react with the alcohol group in compound A to produce a gas.
State the reagant and identify the gas and the organic product.
FECIENE ¢ocueeeacersentcissserssnssonses e s srre 85488 oo s £ LSRR E L RS S
gas

organic product

(3}

OO Y R A




11
5§ Inihs question, one mark is available for he qualily of spefling, punstuation and grammar.

The rates of hydrolysis of 1-chloropentane, 1-bromopentane and 1-fodopentana are different.
*  Driefly oulline how you would compare the reactian rates.

Explain why 1-chloropentane, 1-hromopentane and 1-iodopentane react at different rates and
state the order of reaclivity.

* Use suitable equalions in your answer.

..18]

Quality of Whitten Communication [1]

[Total: 9]
| END OF QUESTION PAPER
@& DGR 2008

T

849

-

2

Answer all the questions.

1 Hex-1-ene, GH,(CH,),CH=CH,, reacts as shown below.

A
CH3(CHz)4CH3

Hy/Ni catalyst
150°C

CHQ(CHz)SCHBI‘CHs“—

CHG(CHz)SCH:CHg

D hex-1-ene B
steam/ catalyst
GH4(GH.)sCH{OH)CHg
c
(a) (i) Whatis the molecular formula of compoUNd AT ...t
(i) Whatis the empirical formula of compotnd B? ... s

(ii) Name compound C. ...

{(iv) State a suitable reagent(s) tor converting hex-1-ene into compound D.

L ®OCH 2008

A

% GHy(CHp)sCHBrCHoBr

)
11
1

1




r 3 - r 4 7

(b} (i) Describe, with the aid of curly arrows, the mechanism for the formation of compound B 2 There are four structural isomers of C,H, O that are alcohols.

from hex-1-ene.

Show any relevant dipoles and lone pairs of electrons. {a) Whatis meant by siructural isomers?

hex-1-ene imtermediate compound B
H H H H -0l
\C:C/  — ———= CH,(CHL) ——iﬁ—(L——H {h} Alcchols can be classified as eithar primary, secondary or tertiary,
alilnls
\ Draw, name and classify each of the four structural isomers of C,H,,O by completing the
CH3{CHo)y H Br  Br . poxes In the table below. Some have been completed for you.
alcohol name clagsification
H H H H
[4] H—o——(l:—cl)—C')—é——H butan-1-ol primary
(li) Name this type of reaction. | | | | '
yp H H H H
w1
(ili) State what you would see during this reaction,
--[1] butan-2-ol
{¢) Hex-1-ene, CHy(CH,);CH=CH,, can form a polymer,
(i) Write a batanced equation for the polymerisation of hex-1-ene.
|
Hﬁo——cl':—Cl:—CH:g
H H
[2] tertiary
(i) Name the POIYIMEL i cectirs e s sasese e rrs1asoe s e snaseas semsasssase | 1]
[Total: 18] - [6]

I_@ocﬂ 2008 [Turn over | L_@ocn 2008
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M ‘ 1
{c) Alcchols such as butan-1-ol have high beiling points due to the presence of hydrogen bonds.

Draw two molecules of butan-1-ol linked by a hydrogen bond. Include any relevant dipoles
and lone pairs of electrons,

31
{d) An ester is formed when ethanole acid, CH;COOH, reacts with the alcohol shown below.
H CH,
H—o—c|>—(l:— GHy
Lo
Draw the ester formed.
[1]

l_@ocam [Turn over _|
TR AN

r o ]

(e}

butan-1-ol

Butan-1-ol was oxidised using acidified potassium dichromate. The organic product was
analysed by infra-red spectroscopy. The Infra-red spectrum obtained is shown below.

100

transmittance g
(%)

0 T A T
4000 3000 2060 1500 1000 500

wavenumber/cm™

() Use the spectrum to identify the organic preduct. Explain your reasoning.

(i) Write a balanced equation for this oxidation. Use [O] fo represent the oxidising agent.

-2
[Total: 16}

L | | |
L e



Compound X s a hydrocarbon containing 85.7% C by mass,

{a) {iy GCalculate the empirical formula of compound X.

empirical formula = ... i 2]

{ii) The relative molecular mass of compound X is 56. Show that the molecular formula of
compound X is C,H,.

0]
(b) Compound X is a ¢is isomer,
Draw the skeletal formulae of compound X and its frans isomer,
compound X trans isomer
[2]
[Total: 5]

-

8

Petrol is a blend or mixture of many different hydrocarbons.

Oil companies use a vatiety of techniques such as isomerisation and reforming to produce the
tiydrocarbons which can be mixed togather to give the carrect blend.

{a) lsomerisation of heptans, G, H,¢, produces a mixture of branched structural isomers, three of
which are shown in the boxes below,

S| | ALK

isomer F isomer G isomer H

() Draw, using sketetal formulae, two other branched structural isomers of heptane.

[2]
(1)) Nameisomer G. ......eireim ereeasesseeaenadeiieientaserereiaatineiresdeebTa LR T Tr AR s et an 1
(iif} {somers F, G and H have different hoiling poin‘.tg. ]
Which of the three isomers has the highest boiling point?
(b) Heptane can be reformed to produce methyleyclohexans as one of the products.
Wrlte a balanced equation for the reforming of heptane into methylcyclohaxane.
[2]

I_@ocn 2006 {Turn over __I I__mcﬂm —I
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(c} Oxygen-containing compounds can be added to improve the efficiency and performancs of
fuels.

A commonly used o;(ygen-containlng compound is MTBE, shown below.
CHj
HaC—C—0—CHy
CHg

MTBE

{i} Calculate the percentage, by tmass, of oxygen in MTBE. Give your answer to thres
significant figures.

ANSWET = cevcieiirieeeereciniesseme sy ets coneeani [ 2]

(i) Wiite a balanced eqjuation for the complete combustion of MTBE.

[2]
(d} The compounds in petrol have high volatility.
() Whatis meant by high volatility?
................................................................................................. i
{ily Suggest one disadvantage if the volatility of a petrol is tao high.
...................................................................................................................................... 1]
[Total: 12]

I_@ocn 2008 [Turn over _J
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5 {a) In this question, one mark is avallable for the quality of use and organisation of scientific
terms.

Halogencalkanes can ba converted inio alcohols, SGGrrmGt————

Give an example of each of these conversions including reagents, conditions and balanced
equations.

9]

Quality of Written Communication [1]

- _
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(b) Describe the mechanismm for the preparation of an aicohol from a halogenoalkane. Use curly

alrrows to show the movement of electrons. Show any relevant dipeles and lone pairs of
electrons.

4]
[Total: 14]

END OF QUESTION PAPER

AR T

Answer all the guestions.

Fuels are an impartant part of our everyday life. Crude oil is a source of hydrocarbons such as
C,H
147 130°

Cy4Hy, Is cracked into octane which can be used as a fuel. To improve its efficiency as a fuel,
actane is processed info branched chain alkanes and cycloalkanes.

(a) Whatis meant by a hydrocarbon?

{c) Octane can be reformed into 1,2-dimethylcyclohexans, CH,GH,,CH,, and another product.

(i Draw the structure of 1,2-dimethylcyclohexane.

(1]
(ii) Identify the other product formed.
...................................................................................................................................... [1]
{d) Isomerisation of octane can produce 2,2,3-trimethylpentans.
(i) Draw the structurs of 2,2,3-trimethylpentane.
111
(i) Write an equation for the complete combustion of 2,2, 3-trimethylpentane.
...................................................................................................................................... 21

©O0CH 2009




3

(e} Scientists are looking for alternatives to fossil fuels and are developing ‘bio-fuels’ such as

ethanol. Ethanol is a renewable fuel and it is thought to be more environmentally friendly than
fossil fuels.

(i} Explain why ethanol is renewabie.

[Total: 10]

& 00A 2008 Turn over
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A and B are isomers.

HsC Br Br Br
C——=C \ =
HsC Br H3C/ CHz
A B

(a) (i} MName compound A.

(i) Calculate the percentage, by mass, of Brin compound A.

BNEWET = eoece st es s e smnnms sesssnassa s e sssesnen 70

{iii) Draw another structural isomer of G H.Br.,.

2  Gompaunds A and B are both dibromoalkenes with the molecular formula, G,HgBr,. Gompounds

[2

0l

{b} The reaction between isomer B and Br, can be used to show the presence of the C=C double

hond.
(i) State what you would see when isomer B reacts with Br,.

S 0CR 2000

Mm

(1]

[2]




5

(c) For the reaction between isomer A and H,, identify the organic product and state the
conditions used.

HaC Br

C—==C + Hy —m

[T 10 15 [1170) ¢ -V SO PF P 21

{d) tsomers A and B, shown below, both react with HEr.

H;C Br B Br

=

C— C—

/
o

A B

HaC Br Ha CHg

{i) Explain why A can produce two different structural isomers but B only one.

(i) Identify the twa structural isomers formed when A reacts with HBr.

[21

© OCR 2008 Turn over
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{e) lsomer B, shown below, can be converted into 2,3-dibromabutan-2-ol.

Br Br
Cc—=C
H,C CHg

B

(i) Draw the skeletal formula of 2,3-dibromobutan-2-ol.

(1
(i) Suggest the reagent and conditions that could be used for ihe conversion.
LT U0 L= PP ST PSP S S S TR PRI
L7010 11107 L= VPP PR PP AR R
...................................................................................................................................... [2]
(f) Isomer A, shown below, can form an addition polymer.
HsC Br
\C:C
HSC/ Br
A
Draw a section of the polymear including two repeat units.
[2]

[Total: 18]
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Cyclohexene, GgHy, can be prepared from cyclohexanol, GH,,OH, by the dehydration method
described below.

A reaction mixiure of 5.0g cyclohexanel and 3.0cm? of concentrated sulphuric acid, H,8C,, was
placed in a round-bottomed flask and the apparatus arranged for distillaiion as shown below. An
impure liquid, consisting of two immiscible layers, was collected after distillation.

water

reaction

< walter
mixture

heat

The upper organic layer was separated and dried. Finally it was re-distiled to yield 1.89 of
cyclohexena.

The equation for the preparation is shown below.

OH

(i) How many moles of cyclohaxano! were used in the experiment?

ANSWET = cevscssnsnsnsssrrrasesreseecinsassnasanessseesnsas mol [1]

© CCR 2008

9
(i} Calculate the percentage yield of cyclohexene in the experiment.

Give your answer to twe significant figures.

% YIENd = e e [3]
(b) It was thought that unreacted cyclohexanol was present.

{i) Explain how infra-red spectroscopy could be used to show that cyclohexanol was present.
Refer to the Dafa Sheetin your answer.

. [2]
(i} A chemical test could have been used to show that an alcohol was present.
State the reagent and the expecied observation.
TEAGENE 1urueeeessessessearmrararacsssessesinssessssnssoh soms A4 aE R AR e b AL S L RrE RS b bR SRR
OBISEIVENON vvvoveeeerseremememsseaseeerestatissssasansaresameesesssssesasas cossensssismsanasresssnsssssnnsnnnraresssssssass LBJ

{iil Draw the structure of the arganic praduct that would have been formed in {ii} if cyclohexanol
was the alcohol.

[

[Total: 10]
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i1

4 Halogenoalkanss are polar moleculas that react with nucleophiles. . .
g P P {iify Deduce a balanced equation for the overall reaction.

(a) The displayed formula of chloromethane is shown below. Label the dipole on the C-CI bond
and state the value of the H-G-Ct bond angle.

H (iv) Name the 0rganic PrOdUCL ..o errersnescece s sessesssnsssnsntasssssssmssrenss e smesasnsscos [1]
‘ (¢) Ammonia was reacted with jodomethane rather than with chloromethane.
/CHn.. Gl
H l What would happen to the rate of reaction? Explain your answer.
H
bond 2NOIE = e *[2]
(b) Chloromethane reacts with ammenia in a nucleophilic substitution reaction. 21
Part of the mechanism for this reaction is shown below. [Total: 9]
Step 1
H T I-ll TURN OVER FOR QUESTION 5
H—C—Cl e H—(I;—T*—H + I
H H H
NH“..
o AN H
H
Step 2
1] |
H—C—T@—H H—GC—NH,  + NH,
H H H

Nillu,
— H
\H

H

(i) What is meant by the term nucleophile?

...................................................................................................................................... 11
(i) Add ‘curly arrows’ to step 1 of the mechanism to show the movement of electron pairs.
2]
©OCH 2008 Turn over

@ OCH 2008




e
I
|
L
L

12 2

5 (a) Explain why alkanes, such as pentane, do not react with reagents such as nucleophiles and Answer all the questions.
electrophiles.

1 This question is about halogencalkanes A to D, shown below.

S T
-------------------------------------------------------------------------------------------------------------------------------------------------- H—C—C—C—C——H H—C—C—C—C—H
121 T N
; ; H H H Ci H H Cct H
{b) In this question, one mark is available for the gquality of use and organisation of scientific
terms. A B
»  Name and describe the mechanism for the reaction between pentane and bremine.
*  State the type of bond fission invelved in this mechanism.
= Explain why it is difficult to produce a single organic produci.
In your answer, include any relevant equations and conditions. T C‘JHa T T (‘DHa I-‘l
R R
H H CI H ci H
c D
(a) Answer the questions that follow by using the appropriale letter A, B, C or D.
Each letter may be used once, mora than once or not at all.

(i} Which is 2-chloro-2-methylpropane? L. [11

(if} Which could react with hot aquecus sodium hydroxide to produce
................................................................................................................................................... butan-2-ol? [1]
................................................................................................................................................... (iif) Which could react with hot aquecus sodium hydroxide to produce a

tertiary alcohol? [11

................................................................................................................................................... o produce but-1-ene?
................................. o (b) Compound C can react with ammonia to produce an amine.
........................................ . . 0] N i
RO LK
............................................................................................................................................ [10] -
Quality of Written Communication [1] M
[Total: 13] A

END OF QUESTION PAPER

® OCR 2008 © 0OCR 2009



.......................................................................................... [11

{c) Compound A can react with aqueous hydroxide ions, OH™. The hydroxide ion is a
nucleophile.

(i} Define the term nucleophile.

(i) Complete, with the aid of curly amows, the mechanism involved in this reaction.
Show any relevant dipoles and charges.

LT
H—C—C—(|3—(|3—H + "OH
Lol

compound A

[3]
[Total: 10]

© OCR 2009 Turn over
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4

The chlorinated alkene, C,H,CL,, has five structural isomers that are alkenes and two other
structural isomers that are not alkenes.

(@ () Whatis meant by the term sfructural isomer?

..................................................................................................................................... 2]
(i) Two of the structural isomers of C,H,ClL, are drawn below.
H Ct H ct
\C:C/ \C:C
HaC Ct CHCI H
isomer 1 isomer 2
Draw the ciher three struetural isomers, 3—5, of G,H,Cl, that are alkenes.
isomer 3 isomer 4 isomer 5
[3]

(i) NAME ISOMEE T oreeeer vt es e et ibsss s sassisnn st sssssessssssssssesssessens [1]

(iv) Draw one structural isomer of C4H,Cl, that is not an alkene.

f1

© CCR 2009
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5
Another type of isomerism is cis-frans isomerism.

Why can some alkenes have cis and frans isomers?

[Total: 9]

Turn over

3

6
Each of the compounds, E, F and G, has the formula G H.,.

/’\f\//\/\/\)\e/l\

{a) (i) whnich of E, F or G has the highest boiling pointz .. [1]

(i) State the type of intermolecular forces present in all three compounds.

iii) Identify another isomer of C,H, 4 that is Ifkely to have a boiling point lower than the boiling
points of E, F or G.

[1]
(b) E, Fand G all react with chlorine as shown below.
C,H,g+ Cl, = C,H Gl + HCL
The reaction is initiaied by the formation of chlorine free-radicals.
() What is meant by the term free-radical?
.......................................................... [1]
(i) Write an equation to show the formation of chiorine free-radicals.
...................................................................................................................................... [11
{iliy State the type of bond breaking involved in the formation of chiorine free-radicals.
..................................................................................................................................... [1]

(iv) Write equations to show the two propagation steps that lead to the formation of
C_H,CL

{(v) Explain, with the aid of an equation, how C, ,H,, could be formed in this reaction.

€ OCR 2009
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(c}) Compounds E and G can react with chlorine o form a mono-chloro compound, G, H,sCL

Deduce the number of possible siructural isomers, each with formula CH, ;Cl, that could be
made by the reaction of chlorine with

() compoundE, [1]
(i) compoundG. . [1]
[Total: 11]

Turn over
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Menthol is a naturally oceurring eyclic alcohol found in peppermint oil. It has been used in throat
sprays and cough drops for many years.

The skeletal formula of menthol is shown below.

OH

(a) (i) Whatis ihe molecular formula of menthol?

(b) The reaction scheme below shows some of the reagenis and conditions needed to convert
menthol into four organic compounds H, 1, J and K.

a mixture of compounds
heated with hot concentrated Hand!
HaSQy " each with the same
molecular formula

reacted with HCOOH in the
presence of an acid calalyst

Y

compound J

OH

menthol

compound K

® GCH 2068




(iy Draw compounds Hand [.

[2]
(ii} State the functional group in compound J.
..................................................................................................................................... 11
{e) Menthol can be oxidised to form compound K.
(i) State the reagents and conditions.
...................................................................... [2]
(i) State what you would see during the oxidation.
- 11
(ili) Write a balanced equation for the oxidation.
Use [O] to represent the oxidising agent.
+ —_—
OH
(1

{iv) Explain how you could use infra-red spectroscopy to confirm that ro menthal remains.

[Total: 10]

© OGH 2009 Turn aver
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5  In this question, one mark is available for the quality of use and organisaticn of scientific terms.

(a) Crude cil is a complex mixture of hydrocarbons which Is initially separated by fractional
distillation. Some of the resuliant fractions are then further refined by cracking, isomerisation
ar reforming.

Explain why the crude ofl can be separated into fractions by using fractional distillation.
Outline, with the aid of equations, the three processes in the refining of the fractions.
Explain why the three processes are necessary in the praduction of fuels.

Explain why, in the long term, ethanol could supplement the use of oil-based fuels.

= Write an equation for the combustion of ethanol.

©0CR 2009

O 1|

Quality of Written Communication [1]




Propene undergoes addition polymerisation to form poly{propene).

Lk

(b} Propensis a by-product of tha refining of il fractions.

(i} Write an equation for the formation of poly(propene).

(i) Draw a section of the polymer formed from propene. Show two repeat units.

() Propene can also be converted into alcohols.

[1

State the reagenis and conditfons for this conversion and identify the organic products.

(i) reagents and conditions,

(if) organic products.

€ 0GR 2009

END OF QUESTION PAPER

[2]

[Total: 20]

2

Answer all the questions.

1 Oxides of nitrogen such as NO and NO, are gases that polllite the atmosphere. They are
produced during the combustion of petrol in car engines.

(a) Table 1.1 lists the enthalpy changes of formation of NO and NO,,.

(M

(i)

@i

Table 1.1
compound AH® k) mol™!
NO +90
NO, +33

Define the term standard enthalpy change of formation.

2

Write an equation, including state symbols, to represent the standard enthalpy
change of formation of NO,(g).

Use the data in Table 1.1 to calculate the enthalpy change for the following

reaction.
2NO(g) + O,lg) — 2NO,{g}

(3]

(b) Oxides of nltrogen only form under high energy conditions such as during lightning
strikes or in internal combustion engines.

Suggest why this is so.

1]

28134 Jandi
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3 For
Exarmmn
(¢) Modern cars have “catalytic converters’ in their exhausts to convert nitrogen oxides into e
less harmful substances. One reaction that occurs is as follows.
() Balance this equation by wriling the appropriate numbers in the spaces. [1]
(iii) Explain how this type of catalyst provides a different pathway for the reaction with a
lower activation enargy.
................. e s A R e R R e st e 2]
(iv} Suggest why a catalylic converter is designed to have a large surface area?
2]
[Total : 15]

[ oA

2

Areton 133 1s a CFC with the melecular formula C,H,CIF;.

{a) When Arcton 133 is released into the almosphere, its molecules can absorb energy.
The C-Clbend breaks forming free radicals.

C,H,CIF, — CH,F* + G
(i) What source of energy is required for this reaction to take place?

...... N L

(i) Chlorine free radicals catalyse the breakdown of ozone, O,.

Write two equations to show how this happens.

(i) Write an equation for the overall reaction in {a) (ii).

t type of catalysis is shown here? Explain your answer.

{b) In some applications, CFCs are being replaced by hydrocarbans such as alkanes.

(i) Whatis the M, of Arcton 133, C,H,CIF;?

kD]

(i) The formulae of some alkanes are shown below.
CsHiz CgHyy CHg CgHiq CoHyg

Draw a circle around the molecuiar formula of the alkane whose M, is most similar
to that of Arcfon 133. [1]

2913 1 Jan0t
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5

(iii) Suggest why hydrocarbons are replacing CFCs.

................... . S o1

{iv) Apart from cost, suggest one possible disadvantage of using a hydrocarbon
instead of a CFC.

..... reeeeseeeeassmeeeseesseeesebceees s sesrirman s susssmssnrsesuearmnnsens] 1]
[Total : 10]
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This question refers to the hydrogen halides HF and HCL Tabte 3.1 below lists some bond
enthalpies which are required in different parts of ihis question.

Table 3.1
bond bond enthalpy/kJ mal~
F—F +158
H—H +436
H—F +568
H—CI +432

{a) Explain the term bond enthalpy.

E

{b} The hydrogen halides HC! and HF can be made from their elements. The formation of
HClis exothermic.

Hyg) + Cllg) —> 2HCHg)  AM =-184kJmol™

() Calculate the bond enthalpy of the CI—Cl bond.

i2)
(ii) Calculate the enthalpy change for the formation of HF from its elements:

tHy(g) + 3F,(g) — HF(Q)

(2]

28131 Jan
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(c) When dissolved in water, HF acls as a weak acid whereas HCl acts as a strong acid.

What is the difference between a weak acid and a strong acid?

........ : el ssssnsssesesos o 2]

s a Weaker acid than HCl(aq).

R

1

(iily Write a balanced equation for the reaction between HCl{aqg) and magnesium oxide,
MgO(s).

1]

{d) The reaction between hydrogen and chlorine to form hydrogen chloride is exothermic.
However, no reaction takes place unless the reactanis are sparked or heated or
exposed to lightl.

(i) Explain why this is so.

1]

(i) Gomplete and label the enthalpy profile diagram below to support your answer in

(d) G}

enthalpy Hylg) + Clfa)

Y

progress of reaction

[2]
[Total: 14]
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Ammonia, NH,, is made industrially from its elements by the Haber process. This is an
exothermic equilibrium reaction.

Ny(g) + 3H,(g) = 2NH.{g) AH =-92kJmal

e three reaction conditions that are used in the Haber process. e
) e s Y S .m“_ﬂ,,,m"‘
e e T

................ el
{c) Describe and explain how the equilibrium position of this reaction is affected by
{i) increasing the temperature,
............................................................................................................................... [21
(ii) increasing the pressure,
....... SO -
{d) Why is the temperature used described as a compromise?
-12]

28131 Jand1
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() Some of the ammonia from the Haber process reacts with carbon dioxide to make the In the following question, 1 mark is available for the quality of written communication. vee

fertiser urea.
5 Describe, with the aid ot a diagram, how the Boltzmann distribution can help to explain the
__NH,@) + _CO,{g) —> __NH,CONH,(s} + _H,0f)) effect of temperature rises and the presence of catalysts on the rates of chemical reactians.

urea
[Total - 7]
(i) Balance the above equation. [1]

(i) Calculate the maximum mass of urea that could be obtained from 1.00kg of
ammonia.

2]
[Total : 14]

28131 Jan01 lTLlﬂ'I over 28131 Jan0t
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Answer all questions.

(a) (i) Define the term standard enthalpy change of formation.

(i) Write an equation, including state symbols, to represent the standard enthalpy
change of formation of water.

{b) Hydregen is obtained indusirially from methane and water.

The overall process ¢an be represented by the equation below.
CH,(g) + 2H,0() — COy(a) + 4H,(g)

Use the following standard enthalpy changes of formation to calculate the enthalpy
change of this reaction.

compound AHYK] mot™!
CH,{g} -75
H,0(l) ~286
CO,(g) -394
ANSWET vvurreraeeeenseenseneenn. KdmOE! 3]

2893 50

For
Examiners
Use

3

Examiner’s
. i
{c) Hydrogen can be reacted with nitrogen in the presence of a catalyst lo make ammonia %
in the Haber process.
Nyg) + 3Hy(G) — 2NH4(g)  AH =-92kl mol™!
The activation energy for the forward reaction is +68kJ mol-1.
(i) Gomplete the enthalpy profile diagram below. Label clearly the enthalpy change of
reaction and the activation energy. '
A
enthalpy
No(g} + 3Ha(g)
progress of reaction o

i3]

(i) Calculate the activation energy for the reverse reaction.
01

[Total : 11]
26131501 [Turn over
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Benzene, GgH,, can be manufactured by passing ihe gaseous hydrocarbon sthyne, C,H,,
over finely divided nickel.
The equation is shown below.

BC,Hy(0) s CgHgll} reaction 2.1

(a) Write a chemical equation, including state symbols, to represent the standard enthalpy
change of combustion of benzene, CH,(l).

(b) Use the following standard enthalpy changes of combustion o calculate the standard
enthalpy change for reaction 2.1.

compound AHEkJmol™
CH, -1301
CeHg 3267
ANSWET worevenererrisscsesssemnens kqmol-!  [3]
28131 &1
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(c) Suggest, with explanations, how the rate of reaction 2.1 might be affected by .

(i) anincrease in temperature,

3]
(i) anincrease in pressure.
-2}
{d) Describe and explain the purpose of the nickel in reaction 2.1.
...................................................................................................................................... [2]

[Total : 12]

28131 501 [Turn over
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3 When the indicator bromothymol blue {which can be represented by the formula Hin)

dissolves in water the following dynamic equilibrium is set up.

Hin{ag) = In~(ag) + H*(aqg)
yellow biue

The indicator solution appears green because it contains both the yeilow Hin and the blue
In~ forms.

(a) State two features of a dynamic equilibrium.

{c) Hydrochloric acid is added to the indicator sclution above until no further colour change
takes place.

Using le Chatelier's principle, suggest and explain what colour change you might see.

2]
{d) Aqueous sodium hydroxide is gradually added to the resulting solution in (¢} untl no
further colour changes take place.

Suggest all the colour changes you might see.
Explain your answer.

e

[Total : 10]

28131 &M
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One of the disadvantages of hard water is the limescale that accumulates inside kefties
when water is boiled. This can be removed by a de-scaler. Commerclal de-scalers contain a
weak organic acid (which can be represented by the formula HA).

(a) Explain the difference between a weak acid and a strong acid.

{b) The instructions for the use of a de-scaler are as follows.
Dissolve 10g of the powder in enough water to cover the element of the keltle. Switch
on the keltle until the water boils, then tum it off and leave to stand for 10 minutes.
Emply out the contents and rinse thoroughly before use.
Limescale is calcium carbonate, CaCO,.

() Wirite a balanced equation for the reaction between the organic acid, HA, and
limescale.

11

(i) Explain why heating the sclution of the de-sealer increases its rate of reaction with
limescale. Use collision theory and the concept of activation energy in your answer.

[Total : 6]
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5 The question refers to the enthalpy changes of some reactions of hydrocarbons.

Table 5.1 below lists some average bond enthalpies.

Table 5.1
bond bond enthalpy
/kJmor™?
C-H +413
c-C +347
O-H +464
C=0 +805
=0 +498

(@) () Explain the term average bond enthalpy.

(i) Write an equation, including state symbols. to represent the average C—H bond
enthalpy in methane, CH,.

{b) Using the information in Table 5.1, calculate the enthalpy change of combustion of
propane.

H H H

||

H—C—C—C—H + 50=0——» 30=0=0 + 4H-0-H

H H H

ANBWET ..o oecveeereesrasisaeanes kJmo'  [3]
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{c) Table 5.2 shows the actual standard enthalpy changes of cornbustion of some alkanes.

Table 5.2
compound molecular formula AHZ/RJ mol!
propane CHg —2290)
butane CHyo C 2870
pentans C.Hy,
hexane CeHyy ~4160

(i) VUsing average bond energies, the enthalpy change ot combustion of butane was
calculated as —2672 kJmol™. The actual value for butane is shown in Table 5.2.

Suggest a reason for the difference.

1]
{ii) Plot a graph below using the data in Table 5.2.
1
— 4200
AHE k) mol™ mm
—2200 ‘
3 4 5 6
number of carbon atoms per molecule
i

(i) Use your graph to determine a value for the standard enthaipy change of
combustion of pentane.

............................. kimal'  [1]

(iv) Suggest why there is a regular trend in AH for the alkanes.
............................................................................................................................... [1]
[Total : 11]
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in this question, 1 mark is available for the quality of written communication. Ex
Answer all the questions. i

6 (a) Explain how a cars catalytic converter works, depakisisess i Si5 IS

1 (a) The formaticn of compounds is accompanied by enthalpy changes.

(i} Explain the term slandard enthalpy change of formation.

(b) ©Oxidation reactions are normally exothermic.

.......................................................................................................................................... (i) What do you understand by the term exothermic?

............................................................................................................................ e ee s eee s e e e sttt sresssssscsessascsnnerees [1]

(iiy State one example of an exothermic oxidation reaction that is important in
industry or everyday life.

!

[Total : 10]

26131 801
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(¢) The oxidation of hydrazine, N,H,, by dinitrogen tetroxide, N,O,, has been used in
rocket propulsion.

2NgH4 (D + N,O, (I} —> 3N,{g} + 4H,0(g)

(i) Use the following standard enthalpy changes of formation to ¢aleulate the
enthalpy change for this reaction.

compaound AH{kd mol-!
N2H4(0 +51
N204(0 +9
H,0(g) —242
ANSWET 1euenissrmcrrsrssnasissaiienss kdmol~! [3]

(i) Suggest what feature, other than the value of AH, meakes this reaction suitable for
propelling a racket.

{Total : 10]
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Photosynthesis is an endothermic reaction.

{a) Under what temperature conditions do most endothermic reactions ocour?

(b) Plants photosynthesise well both in the Tropics and under Arctic conditions.

Why is this?

............ ]

{c) One of the products of photasynthesis is glyceraldehyde, C;H.O,. Equation 2.1 shows
the formation of glyceraldehyde.

T
0o 0 o
I &
3H—0—H + 30=C=0—»r H—Cl:—CI:—C\ + 30=0
HH o H
glyceraldehyde Equation 2.1
Table 2.1 lists refevant average bond enthalpies.
Table 2.1
bond bond enthalpy /kJ mot’!
0=0 +498
0—H +464
C=0 +750
Cc—0 +358
C—H +413
c—-C +347

Ex:
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Use these bond enlthalpies to calculate the following quantities:

(i} the total enthalpy of all the bonds on the left hand side of Equation 2.1,

{2
(it} the total enthalpy of all the bonds on the right hand side of Equation 2.1,

2]

(ili} hence, the enthalpy change for the reaction in Equation 2.1. include the sign of
AH in your answer.

LN TS 2 1) 7 ol ¢

(d) Complete the following enthalpy profile diagram to show your calculated AH for the
reaction in Equation 2.1, '

3H,0+3C0,

enthalpy

progress of reaction
[1]
fTotal : 8)

TTrawes /e reaes
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3 (a) () ©On the following axes, sketch the Boltzmann distribution of molecular energies

for a fixed amount of gas at a temperature labelled as T,.

E,, represents the activation energy of the reaction.

number of molecules

energy Eact
[2]

{ii) - On the same axes, sketch another distzibution for the same amount of gas, at a
higher temperature, labelled as T,.
(2]

{b) What do you understand by the term activation energy, E,.?

(¢) Using your answers to (&) and (b), explain why the rate of a chemical reaction 1s
affected by changes in temperaturs,

. 13]

Exc




7
(d} Table 3.1 lists some average bond enthalpies.
Table 3.1
bond bond enthalpy /kJ mol~'
C—H +413
C—Gl +327
CL-Cl +243
Br—Br +193
(i} Use the values in Table 3.1 to suggest the order of increasing £, values for the
following four reactions. Write the letters A, B, C and D in the appropriate boxes.
A CH, — CHz+H
B CH, +Cl—> CHCI
C Br,—> 2Br
D CL— 2C1
< < <
[2]
smailest £, largest £,
(ii) Explain your choice of order in (i).
. [2]
[Total : 12]
281301 Jan02
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The equation below shows the first stage in the industrial manufacture of nitric acid from
ammonia.

4NH(g) + 50,(g) = 4NO(g} + 6H,0(g) AH = 907 kJ mol™! Reaction 4.1
This reaction is catalysed by a platinum-rhodium gauze at 800°C.

(a} State and explain what effect a catalyst has on a reaction.

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

. 3]

(b} What type of catal

yst is the platinum-rhodiur_nT gauze 7

ol EISIES

(c) This reaction is an example of a dynamic equflibrium.

State two features of a dynamic equilibrium.

.2

2813101 Janp2
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(d) (i) State le Chatelier’s principle,

(i} Use le Chatelier's principle to describe and explain how the equilibrium position
of Reaction 4.1 is affected by increasing the pressure and by increasing the
temperature.

increasing the pressure

- M
[Total : 13]
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5

10
This question is about the reactions of acids.
{a) Sulphuric acid reacts with ammonia to give ammonium sulphate.

2NHy + H,S0, —> (NH,1,S0,

(i) What properly of ammonia is shown in thls reaction?

(i) Calculate the maximum mass of ammonium sulphate that can be cbtained from
100 g of ammonia,

[A. H,1.0; N, 14.0; O, 16.0; §, 32.1]

NESS = wevirsirssrsrseriiniieeenmasssseeeseesssenas g 3]

{lii) Siate a large scate use of ammenium sulphats.

- 111
(b) State what you would cbserve on adding nitric acid to magnesium carbonate.
Write a balanced equation for the reaction.
Observation(s)
Equation
{3l

[Total : 8]
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In this question, 1 mark i1s available for the quality of written communication.
Part of the Earth'’s atmosphere is damaged by the presence of CFCs.

State which component of the atmosphere CFCs affect, and describe in detail how this
damage is caused.

[Total : 9]

2
Answer all questions.
The enthalpy change for the reaclion between hydrochleric acid, HCl{aqg), and sodium
hydroxide, NaOH(aq), can be determined in the following way.

e 50.0cm? of 2.00moldm 2 HGl{aq) is placed in a plastic cup, and its temperature
recorded.

s 50.0cm® of 2.00moldm— NaOH(aq) is placed in another plastic cup, and its
temperature recorded.

e The two solutions are mixed with stirrng, and the final temperature recorded.

The following results were obtained from one such experiment:
initial temperature of beth HCl(aq) and NaOH(aq) = 18.0°C

final temperature after mixing = 31.9°C

{Take the specific heat capac'ity of all solutions to be 4.18Jg~ K™, and the densities of all
solutions to be 1.00gom 3.}

{a) Calculate the heat evolved in the above experiment. Include units in your answer,

heat evolved = ... e [3}

{b) Calculale how many moles of HCI were used.

moles of HCl= ...cocvesiceesnvismsrsanecmaraeeesees (1]

{c} Hence calculate the enthalpy change, in kJ, for the reaction of 1 mol of HCL with
1 mol of NaOH.

enthalpy change =.....cceeeecoreccncceenaae kd [1]
[Total : 5]
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On healing in a lime kiln at 1000°C, limestene decomposes according to the following
equation.
CaCOy(s) —» CaOf(s) + CO,(g} AH=+178kJmol™!

(a) Using the axes below, skatch the enthalpy prefile of this reaction. Label the activation
energy £, and the enthalpy change AH.

[

enthalpy

progress of reaction

(3]

{b} Suggest two reasons why this reaction needs heating to a high temperature.
O DU TO
P
.................................................................................................................................... [2]

{c) When water is added to calcium oxide, CaQ, It becomes ‘slaked’ to give calcium
hydroxide, Ca(OH),.
CaO(s) + H,0(l) — Ca(OH),(5) AH =-82kJmol1

Caleulate the enthalpy change AH, in the following cycle.

AH
Ca(OH)(8) + 000 | —— » | H,00 + CaCO(s)
AH=-82kJmol™ AH = 4178k mol™
Ca0(s) +H,0()+CO,{g)
AH,= oo kImol [2]

r
[Total : 7]

281301 Jung2
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3  The chlorination of methane in the gas phase involves the following two steps.

CH, + Gt — GH,+ HCL reaction 3.1
CH, + Cl, —» CH,CL+Cl reaction 3.2

Table 3.1 lists some relevant average bond enthalpies.

Table 3.1
bond bond enthalpy /kJ maol~!
C—H +413
c—Ci +327
H—Cl +432
CI—Ct +243

{a) (i) Use these bond enthalpies to calculate the enthalpy changes of reactions 3.1
and 3.2.

reaction 3.1

ANSWET «.oerrecrreecrarecesaescrsneneerareenenen: KON

reaction 3.2
ARSWEL .o.vemareecsecsereesmmsrssreesessranans kJ mol-1
[
(i) Suggest which might be the faster of these two reactions. Give a reason for your

answer.
e 1]
2813M1 Jung2
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(b) An alternalive reaction route has been suggested for this reaction, which involves the
following two steps.

CH,+Cl — CH,CI+H reaction 3.3

H+Cl, — HCL+C! reaction 3.4

Use Table 3.1 to suggest why this reaction route is unlikely to take place.

. [2]
[Total : 5]
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It has been suggested that using methane, CH,, as a fuel for cars rather than petrol would
decrease the amount of carbon dioxide produced pet mile. This question looks at how
much this reduction in CO, emission mighl be. You may assume that petrol is pure octane,

CgHiar
The combustion of methane can be represented by the following equation.

CH, +20, — GO, +2H,0 AHG = -890kJ mot™

{a) Balance the following equation for the combustion of octane.
07 P . o = e CO+ e HO [1]

{b} The enthalpy change of combustion, AH';, of octane is —5472 kJ per mole of octane.

Use your balanced equation and the given AH?, data to calculate for each fuel:
{i) the enthalpy change per mole of €O, produced, and hence

{ii) the number of moles of CO, produced per kJ of heat energy given out.

Write your answers in the Table below.

tuel AH® per mole of alkane | AHY per mole of CO, p:ggfc?ecc)lfp?a?l?m
bumed/ kl produced/kJ of heat given out
methane —890
octane —5472

[4]
{iii} Hence calculate a value for the ratic:

moles of CO, produced per kJ from methane

moles of GO, produced per kJ from octane

RAHO —oro v reeeeermsersrereerernenerecssarassarcnsnee [1]
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{c) Both methane and octane undergo incomplete combustion in a car engine. As a resuit *
of this, unburned hydrocarbons and carben monoxide, CO, occur In the exhaust
gases. Nitrogen monoxide, NQ, is also formed inside the engine. All three pollutants
can he removed by fitting a catalytic converter to the exhaust system.
(i) State one environmental consequence of each of the following emissions.
unbumed hydrocarbons
CcO
NO
............................................................................................................................ [3]
(i) How is the NO farmed in a car engine?
-1l
(i) NO and GO react logether on the surface of the calalyst. Write an equation for
this reaction, '
- 1]
(iv} Whatis the catalyst made of?
-]
(vi} The catalytic converter is positioned as close to the engine as possible, so that it
heats up quickly. Why does the converter work best when it is hot?
............................................................................................................................ [1]
[Total : 14}
267307 Jund2 [Turn over
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Methanol is an important industrial organic chemical. It is used as a solvent and a
feedstock for the manufacture of several other compounds such as ethancic acid. A two-
stage process lo make methanol from natural gas, methane, is summarised in the following
equations.

) . Niat 700°C
reaction 5.1  CH,(g} + H,0(g) —_— CO(g) + 3H,(g) AH = +207 kJ mol~!
Crat300°C and 30MPa
reaction 5.2 CO(g) + 2H,(9) —_—— CH,OH(g) AH =-129kJ mol™

{a) Describe and exptain the effect of increasing the pressure on the rate of reaction 5.1.

2]
{b) Describe and explain how the equilibrium position of reaction 5.1 s affected by
(i} ncreasing the tempetrature, '
............................................................................................................................ 2]
(ii) increasingthe pressure.
- 2]

(c) Reaction 5.2 uses the products from reaction 5.1. Suggest a reason why these two
reactions cannot proceed one after the other in the same reaction vessel.

OR— ||
[Total : 7]
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Answer all the questions.

Ethene is an important industrial chemical, used to make plastics, soivents and antifreeze.
It is usually made by cracking larger alkanes. The equation for a cracking reaction is shown
below.

LU,
H—?—?—?—?—?—?—H—-»S({:=|C + H—H reaction 1.1
H H H H H H H H

(a) (i) Define the term average bond enthalpy.

- 12

{ii) Use the average bond enthalpies in Table 1.1 to calculate the standard enthalpy
change, AH}, for reaction 1.1.

Table 1.1
bond average bond enthalpy/kJ mol-!
H—H 436
C—H 410
c—C 350
C=C 610
AHE = cooevervireeesnsreremsssemssssseenss KI MO [3]
2[iv0] Jantd
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(b} Complete the enthalpy profile diagram for reaction 1.1.

A

enthalpy C.H. (o)
B’ "4

progress of reaction

281301 Jan03

Exa

[3]
[Total: 8]
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1

The first stage in the indusirial production of nitric acid from ammonia can be represented
by the following equation,

4NHg(d) + 50,(g) == 4NO{g) + 6H,0{d)

(a) Use the foliowing standard enthalpy changes of formation to calculate the enthalpy
change, AHy, for this reaction.

compotind AH{ kdmol ™!
NH,(g} . 46
NO(g) +90
H,0(g) ~242
AHZ = oeveeseeevesrssereensiresssssssssrnnss K MO [3]

{b) () Statele Chatelier's principle.

....... .2

(i) Predict and explain how the equilibrium position of this reaction is affected by
increasing the pressure.

2813/01 Jand3d
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b {¢) This reaction takes place as the gases are passed slowly through a fine gauze made
of a platinum-rhodium alloy.
(i) State the purpose of the platinum-rhodium gauze.
e [1]
(i} Suggesi why the gases have to be passed through the gauze stowly.
............................................................................................................................ [1]
(d) The NO produced is reacted with oxygen and water fo give nitric acid, HNG,.
Construct a balanced equation for this reaction.
- [2]
[Total: 11]
201301 Jenod [Turn over
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When carbon dioxide dissclves in water, the following dynamic equilibria are set up.
CO,{g) + ag <= CO,(an)
CO,laq) + HO() = H*(ag) + HCO,aq)

(a) State two features of a dynamic equllibriurmn.

. [2]

(b} Use the above equations and your understanding of dynamic equilibrium to explain the
fellowing observations.

{i) Bubhling carbon dioxide into an aqueous solution of universal indicator turns its
colour from green to orange.

...................................... . SO /-1

(if) A saturated solution of carbon dioxide effetvesces when a small amount of
concentrated sulphuric acid is added to it.

- [2]
[Total: 6]

281301 Jan03
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4 Reaclions can be speeded up either by increasing the concentration of reagenis or by ¢
increasing the temperature.
(2) Explain why an increase in concentration increases the rate of a reaction.
- 2]
(b) The diagram in Fig.4.1 shows the energy distibution of reactant molecules at a
temperature T,. E, represents the activation energy of the reaction.
number
of
molecules
I
energy = —» Ea
Fig-4.1
(i) Draw a second curve on Fig. 4.1 o represent the energy distribution of the same
number of molecules at a higher temperature. Label your curve T,. [2]
(i) Use your curve to explain how an increase in temperature can cause an increase
in the rate of a reaction.
. [2]
[Total: 6]
251301 Jans3 {Turn over




Sulphuric acid, H,50,, is a sitrong acid which is an important industrial and iaboratory
chemical.

(a) Spillages of sulphuric acid can be made harmless by neutralisation with sodium
carbonate solution, Na,CQO,(aq).

{l) State what you would see during this neutralisation reaction.

- 1]

(i} Whrite a balanced equation for this reaction.

{2

(b) Sulphuric acid reacts with ammonia in the manufacture of the salt ammonium
sulphate, (NH,),80,.

(i) State the role of ammonia in this reaction.

- 1]
(i) Calculate the percentage by mass of nitrogen in ammenium sulphate.
(2]
(iiij) State a large scale use of ammonium sulphate.
....................................................................................... [1]
[Total: 7]
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& The fallowing chart shows some processes involving carbohydrate and hydrocarbon fuels.
02

CO,+H,0
B
-—w CH, 0, — CO,+H0
glucose
(a carbohydrate)

heat and pressure
a long pericd of time

c
CeHyy — = GO+ H0
hexane
{a hydrocarbon)

Discuss the processes A, B and C under the following headings. In your answer refer to:
e the name of each process

e the situations in which each occurs

e their endothermic or exothermic nature

How do these processes illustrate the stalement that ‘most fuels are solar fuels, since their
energy has originally come from the sun'?

[Total: 7}
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Answer all the questions.

Ammonia is manutactured by the Haber process according to the following equation.
N,(g) + 3H,{g) = 2NH(a) AH® =-92kJmal!

{a) Stale the temperature used In this industrial process.

...................................................................................................................................... 1]
(b) The temperature used is often desctibed as a ‘compromise’ or an ‘optimum’

temperature.
What would be the main disadvantage of using
{i) a lowertemperature

] 1]
{(ii} a higher temperature?

1]

{c) A few years ago some Haber process plants were designed to run at extremely high
pressures, but now these have mostly been closed down.

(i) Suggest one advantage of running a plant at a very high pressure.

1

(i} Suggest one disadvantage of running a plant at a very high pressure.

......... RO

{d) Under the conditions usually employed, the yield of ammonia is between 10% and 15%.

Suggest what happens to the unreacted nitrogen and hydrogen in the Haber plant.

1]

(¢) State two large scale uses of ammonia.

[Total: 8]
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2 In the vapour state, sulphur dichloride, SCL,, undergoes the following equilibrium reaction.
2 CL—-S—Cl{g) = CI—8—5—Cl{g) + CI—CI(9) reaction 2.1
(a) State two characteristics of a dynamic equilibrium.
1 R
2 ..
...................................................................................................................................... [2]
{b) Use the following average bond enthalpies to calculate the standard enthalpy change,
AHZ, for the forward reaction 2.1.
bond average bond enthalpy /kJ mol™
CL-C1 242
5Gl 255
5—S 266
AH® = e .kJ mol! [3]
(¢} Describe how the posifion of equilibium might be affected by an increase in
témperature. Explain your answer.
............................................... SO |-
{Total: 7]
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The standard enthalpy changes of formation of hydrocarbons are difficult to measure directly
by experiment, but they can be caleulated from standard enthalpy changes of combustion by
using Hess's Law.

Table 3.1 lists some standard enthalpy changes of combustion of some relevant substances.

Table 3.1
substange | AH®/kJmol™
CaHylg) 2220
C(s) 394
H,(g) —286 T

{(a) (i) Define the term standard enthalpy change of combustion.

3]
(i) Write a balanced equation, including state symboals, to represent the standard
enthalpy change of combustion of propane, C,Hg.

2]

281301 Jund3
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(b) The equation that represents the standard enthalpy change of formation, AH,G, of
propane is shown below.

3C(s) + 4H,(g) > CyHy(0)

(i) Suggest a reason why AH'.e of propane is difficult to determine directly.

]

(i) Use Hess’s law and the data in Table 3.1 to calculate a value of AHf’ for propane.

Y AP kJmol 3]

[Total: 9]
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[

{a) (i) Onthe following axes, sketch the Boltzmann distribution of molecular energies fora
fixed amount of gas at a particular temperature.

number
of
molecules

] -
1 -
activation energy, £,
energy
[21
Fig. 4.1
(i) What is meant by the term activation energy?
.................................. W11
(ili} Mark on Fig. 4.1 a possible activation energy in the presence of a catalyst.
Label this E,(cat). 1]

2813701 Juno3
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For
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(b} In this question, one mark is available for the quality of written communication. v
Explain how a catalyst speeds up a reaction. Use ideas from part {a) in your
explanation.
Catalygis.ame.ohave. . reous.and.ieferogeneous. Explain the two terms in
Salye an oxample of each type of catalyst and write an eyratio 2 reaction it
catalyses. T srema -
7]
Quality of Written Communication [1]
[Total: 12]
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Answer all the questions.
1 Alkanes, such as methane, can be used as fuels.

In an experiment to determine its enthalpy change ot combustion, methane, CH,, was burnt in air.

thermometer

water

methane burning

to 61.5°C when 0.6004 of methane was burnt.

(a) Write the equation for the complete combuslion of methans.

1]
{b} Cateulate the energy gained by the watar, in kJ.
The specific heat capacily of water is 4. 1847 K™,
EIIEIQY = vomreecemcemssrasnsnsnsnsans kd [é] .
. L
{c} How many moles of methane were burnt in the expetimeni?
ANSWET = oovsniireriosensresenens mol [1]
{d) Calculate the enlhalpy change of combustion, in kJ mot-1, of methane.
enthalpy change of combUSHON = ....ceeuwwieunn 1 M= (2]
[Total: 6]

I & 0CH 2008
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()

In the experiment, 150 g of waler were used. The temperaiure of the water changed from 19.5°C -

[ ) B

2 The energy needed io propsl a rocket away from Earth is produced by burning a fuel in oxygen.

{8} Hydrazine, N,H,, is a liguid that has been used as a rocket fuel. It reacts with oxygen as
shown below.

NoH, {1} + Oy() — N,(g) + 2H,0(g)

Hess's Law can be used {o [ind the enthalpy change for this reaction using enthalpy changes
of formation, AH,.

() State Hess's Law.

...................................................................... VTPV | | |
(i) Write the equation, including state syimbols, for the standard enthalpy change of tormation
of hydrazine.
(i) The table below shows some enthalpy changes of Tormation.
compound | AH, /kd mol™!
N,H,(h) +51
H,0(9) 241
Calculate the enthalpy change for the combustion of hydrazine.
N2H4(I) + 0,{0) —> Nylg) + 2H,0{g)
enthalpy change of combustion = ... kd mol=1 [3]
{iv) Suggest and explain why using hydrazine as a rocket fuel may be ‘environmentally
friendly’.
............................................ VU TR POORPRN |
I_.cocn 2003 {Turn over
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methane as shown below.

(b} A rocket could be sent to Mars. It has been suggested thai melhans could be made on Mars,
“The methane could be used to provids the fuel to bring the tocket back to Earth,

The atmosphere of Mars contains carbon dioxide and this can react with hydrogen to produce

CO,{g) + 4H,(g) = CH,(g) + 2H,O(g) equation 2.1
(i) Equation 2.1 shows a reaction in dynamic equilibtium,
State two features of a dynamic equilibrium.

(i) The table below shows some average bond enthaipies.

bond average bond enthalpy/ kJ mol~!
=0 806
H—H 436
C—H 413
O—H 464

L_@ucﬂ 2008

Calculate the enthalpy change for the forward reaclion in equation 2.1.

........ RO - | O

enthalpy cNange = we.cermrronn kd mol [3]

(VT R OO R

L@OCH 2008

5

{ii) Suggest what conditions of temperalure and pressure should be used to glve a high

equilibrium yield of methane in equation 2.1. Give your reasoning.

T3 o= £ TS O D S P TITP O PSPPI

4]

[Total: 15]
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3 This question is concerned with the reactions of acids.
{a) Define an acid.
1]

(b) The table below gives data about some solid compounds of copper and sodium, Use the data
to help to answer the questions in (i) and (iii).

compound formula colour sol;l;itlgf in iﬂﬁiroir?
copper(ll) oxide CuC black insoluble —
copperf{ll) chloride | CuGl, yellow soluble blus/green
copper(il) carbonate | CuCO, green insoluble —
sodium chloride NaCt white soluble colourless
sodium carbonate Na, GO, white soluble colourless

{i) Write aguations, including siate symbols, for the following reactions of hydrachlortc acid.
copper(ll) oxide and hydrochloric acid
sodium carbonate and hydrochloric acid.

{iy The reaction between copper(ll) oxide and hydrochlorle acid is very slow -at room
temperature and is therefore usually heated.

Suggest a reason why this reaction is so slow al room temperature.

L)
{ill) What would you expect 1o see when coppei(lf) carbonats reacls wilh hydrochloric acid?

L_@ucnzooa

4 In the 19th century Ihe Swedish chemist Berzelius first gave the name ‘calalyst’ to a substance
that increases the rate of chemical reactions. Nowadays heteropenecus catalysis are important in
a variety of induslrial protesses and in everyday life,

Describe the importance of hetarogeneous catalysts In industrial processes or In everyday fife.
In your answer you should:

= explain, in terms of parlicles, how a catalyst increases the raia of a reaction;

+  draw a labelled enthalpy profile diagram for an uncatalysed reaction and for the same
reaction when catalysed;

= name two heterogeneous catalysts used in industrial processes or in everyday life — in
each case write an equation for the reaciion thal they calatyse;

+  gxplain how a heterogeneous catalyst works.

[N T O L
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END OF QUESTION PAPER

[Tetal: 12}
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2
Answer all the questions.

Reactions that release energy are essential to maintain many aspects of everyday life.

(a) Enthalpy changes can be calculated using average bend enthalpies. Table 1.1 shows some
average bond enthalpies.

Table 1.1
bond | average bond enthalpy/ kJ mol~1
c—C +347
c—H +413
O—H +464
o=0 +498
c= +805
c—0 +358

(ii) Ethanol, C,HOH, can be burnt to release energy. The equation below shows the

© QCRA 2008

combustion of ethanol.

H H

H—C—C—Q0—H + 30—0 — 20=C=0 +3 0O

H H

7N
H H

Use the data in Table 1.1 to calculate a value for the enthalpy changs of combustion ot

gaseous ethanol, AH,.

AH. = irvevernrernne Kd O [3]

t
{
i
I
3
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{b) Glucose, GgH,,0y, can also be oxidised.

The table below shows some enthalpy changes of formation, AH,.

compound | AHY kJ mol™!

CoHysOgls) | —1273
CO,{g) 394
H,O() -286

i) Use the data to calculate the enthalpy change of combustion, AH, for glucose.

CoH,204(8) + B0,(g) —> 8CO,(g) + BHLO()

AH, = ooocreereene bk O [3]

(i) What name is given to this process of energy release when it occurs in a living species?

[Total: 9]
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Many chemical reactions are reversible and are able to form equilibrium mixiures.

Hydregen and iodine react together to form hydrogen iodide in a reversible reaction.

4

Hie) + L@ =  2fljg
colourless purple colourless

AH = +53 kJ mol™

(@) Explain the following chservations when changes are made to an equilibrium mixture
of Hy(g). 1,(g} and Hi{g).

Include reference to the equilibrium position and any other factors.

(i) When the temperature is increased the purple colour becomes paler.

{b) The rate at which equilibrium is reached could be increased by increasing the temperature or

pressure.

In each case explain why the rate increases:

S QCH 2008

M

on increasing the femperature,

1]




5

(€) H,{g) L{g)and HI{(g) were mixed togetherand allowed to reach equilibrium.The concentrations
of the gases were then measured at various times and the results plotied. At time 1, a change
was made to the composition of the mixture.

h

l
T

L(0}

concentration

t time

(I} What change was made to the mixture at time 7

[Total: 11]
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3 This question is concerned with some of the graphs you may have seen in your studies,

(a) Graph A shows a Boltzmann distribution.

Graph A

Y

(i) Label the axes on graph A.
(i) Explain, using graph A, the effect of adding a catalyst on the reaction rate.

Include labelled lines of the energies invalved on graph A.

© OGR 2008
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{(b) Graph B shows the change in mass observed in an experiment used to investigate the rate of

a reaction.
cotton wool
ahyEy = zinc + hydrochloric acid
fae —=C25T _)_AJ
Graph B
mass
time i

(i) Suggest what is happening in this expetiment to produce the loss of mass with time.

(i) Exactly the same experiment was repeated but with a catalyst added.

On graph B sketch the line that would be produced in the presence of the catalyst.  [2]

© OCK 2008 [Turn aver

8

{c) The forward direction of a reversible reaction has an enthalpy change of reaction,
AH, of —120kJ mol~' and an activation energy, E,, of 250kJ mol".

{i) On the axes below, complete the enthalpy profile diagram for this reaction. [2]

A

reactants

enthalpy

reaction pathway

(i) On your diagram label AHand E,. [2]
{iii) Use your diagram to calculate E, for the reverse reaction. [1]
E, = ceverresesnnenssssninns: K MO

[Total: 12]
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Answer all the questions.

Students carried out an experiment to investigate the rate of a reaclion.

The students added dilute hydrochloric acid to marble chips. They collected the gas and measured

the volume, at regular intervals, until the reaction was complete.

They obtained the graph shown in Fig. 1.1 below.

i
volume of
gas/cmd
0 0 time/s "
Fig. 1.1

(a) (i) How does the rale of reaction change as the reaction proceeds?

(b) The experiment was repeated using crushed marble in place of the marbie chips.

On Fig. 1.1, sketch the graph the students obtained from this experiment. The quantities and

the termperature remain the same.

‘9 OCR 2009

[2]
[Total: 5]

4
Bond enthalpies can be used to calculate enthalpy changes of reactions. Some bond enthalpies
are given in Table 2.1.
bond bond enthalpy/kJ mol-!
CrCl +242
H-H +436
H-F +568 -
H-ClI +432
Table 2.1

(a) (i) Define the term bond enthalpy.

(h) Hydrogen halides can be made from their elemants.

Although the reaction between hydrogen and fluorine is explosive, the enthalpy change for
the reaction can be found.

Hylg) + Fo{g) — 2HF(g)  aH = -542kJmol™

Use this value of the enthalpy change for the reaction, and the data in Table 2.1, to calculate
the bond enthalpy of the F—F bond.

bond enthalpy of the F—F bond = ...... eeernn s klmol™' [3]

© OCA 2009
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{t) Use the data in Table 2.1 to calculate the enthalpy change of formation of hydrogen chloride,

HCL

enthalpy change of formation of HCI= ...ccomerirceni e

. kJmal™1 [2]

{d). Hydrogen fluoride and hydrogen chloride dissolve in water to give hydrofluoric acid and

M

(i

(iii)

{iv)

v

& OCR 2008

vdrochloric acid. Hydrofluoric acid is a weak acid but hydrochloric acid is a strong acid.

What is meant by the term weak acid?

Use the data in Tab e_\‘?.1 to suggest why hydrofluéﬁé acid is a weaker acid than
hydrochloric acid. 'a\ P
.................................................. ot
........................................................ }f ereemeeeesrseeemreneesstaspann s rrsmnesensssaessesssnnanenenseses [1]
P
Write the equation for the reac;li"dﬁ between hydrofluoric acid and solid sodium carbenate,
Na,CO. W .
';J_ Ni\\
............................... ey LI

strong and hydrofluoric acid is weak.

[Total: 15]
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Hydrogen is needed in large guantities for the manufacture of ammonia and margarine. Methane
and steam can be used to manufacture hydrogen. This is a reversible reaction.

(a

{b}

(c)

© 0GR 2009

CH,ig) + H,Olg) = CO(g) + 3Hylg)  AH=+210kJ mol~! equation 3.1

Describe the cenditions that would produce a high yield of hydrogen at equilibrium.
Explain your answers.

BEMPEIATUIE .o e imit ittt e BB s oo e e e

- [4]
Describe the conditions that wauld produce hydrogen ai a fast rate.
Explain your answers.
TEIMPETALUTE .eecre e et saar s e e LR R AL e i
Pressure ...
.............................................................................................................................................. [4]

Use your answers o (a} and (b) to suggest why a temperature of 800 °C and a pressure of
30 atm might be used for the manufacture of hydrogen from methane and steam.

i
|
|
L
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L
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(d) The carbon monoxide produced in the reaction can be used as a fuel. 4 Catalysts are often used to speed up chemical reactions.
Hess's Law can be used to calculate the enthalpy change of formation, AH, of carbon {a}) Explain how a catalyst Increases the rate of a reaction.
monoxide.

() State H L Use an enthalpy profile diagram and a Boltzmann distribution in your answer. ;
i ate Hass's Law. ;
Enthalpy profile diagram |

. [1]
(ii) The table below shows some enthalpy changes of formation, AH,.
substance AH, / kImal!
CH,(a) —75
H,Olg) —242

Use these data, and the enthalpy change of equation 3.1, to determine the enthalpy ‘
change of formation of carbon monoxide. !

Boltzmann distribution

AHL = oo sseenessssesssssr e kJmol! [3]

[Total: 15]
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.............................................................................................................................................. [8]
(b) Explain the effect that adding a catalyst has on the position of equilibrium in a reversible
reaction.
W 12]
[Total: 10}
END OF QUESTION PAPER
&{QCR 2009

1

Answer all the questions.

Glucose, CgH,,Cq, can be used directly as a source of energy in living species or fermented to
produce ethanol, C,H.OH. The ethanol produced can then be used as a fuel,

{a) Energy is released from the oxidation of glucose in living species.

(i) What name is given to this process?

{(b) When ethanol is used as a juel, a combustion reaction takes place. The equation for this
process is shown below.

C,HOH() + 30,(g) — 2C0,(g) + 3H,0() AH®=—-1367 k) mol™!

Table 1.1 shows valuas for standard enthalpy changes of formation, AHY.

compound AHE kdmol™ 1
CO,l0) 394
H,O() YT
Table 1.1

(i} Define the term standard enthalpy change of formation.

(i) Calculate the standard enthalpy change of formation of sthanol.

AHT = s kdmol~ [3]

©0CR 2008 Turn over
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(iii) On the axes below draw the enthalpy profile diagram for the combustion of ethanal. Label
E, and AH® on your diagram.

i

C.H;OH{l} + 30.{g}

enthalpy

progress of reaction

[3]

@ OCR 2009
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(c) Ethano! can be made industrially by reacting ethene with steamn using a catalyst.

CoHyl) + HO{@) == C,H50H(g)

At equilibrium the percentage conversion af ethene using excess steam, at various reaction
conditions, is shown below.

pressure/atm temperature/°C percentage conversion (%)
50 200 45
50 320 30
80 200 8¢
80 320 45

(i) State and explain the effect of increasing the pressure on the percentage conversion.

(i) Use the data fo deduce the sign of the enthalpy change for the forward reaction.
Explain how you reached your conclusion.

{iii)y The equation for the formation of ethanol shows that equal numbers of moles of ethene
and steam are required. In industry however excess steam Is used.

Suggest why excess steam is used.

[Total: 16]
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This guestion is concerned with some halogenoalkanes that were, in the past, widely used
industrially and in the home.

{(a) Tetrachloromethane, CGi,, was used as a dry cleaning solvent and in fire extinguishers.

CCi, was made by the reaction between chlorine and carbon disulphide, CS,, as shown

below.
(fl
§=C=8(g) + 3CI-Cl{g) — Ci!—(IJ—Cl(g) + CI-5-5-Clig)
Cl AH=-272kJmol!
Some bond enthalpies are given in Table 3.1.

bond bond enthalpy/kJmol-

C-Ci +328

C-F +485

C=56 +543

5-Ci +253

5-3 +266

Table 3.1

Calcu'ate the bond enthalpy for the Ci-Cibond.

(3

@ OCR 2008
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(b) Trichloroflucromethane, CFCL;, was used as a coolant and is still used in some inhalers.
Its boiling pointis 24°C at 1 atm pressure.

Write the equation, including state symbols, for the enthalpy change of formation of CFCL; at
25°C and 1 aim pressure.

{c) ltis now known that CFCL, breaks down the ozene layer. For this reason, GFCI, is no longer
manufactured in large quaniities.

The first stage in 0zone breakdown is the formation of a halogen free radical. This free radical
catalyses the breakdown of ozone.

(i) Use the data in Table 3.1 to suggest which free radical is formed from CFCL,.
Give a reason for your answer.

(i) What type of catalysis is shown by the hajogen free radical in the breakdown of ozone?
Give a reason for your answer.

TYPE OF CALAIYSIS wivvvicreceeeeieee ettt e s b s

(=2 T 1 [ O PP P P P PP P PP R L PR LR EEL PR

[Total: 8]
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The rate of many gaseous reactions is approximately doubled by a temperature increase of 10°C.
The number of collisions is only increased a small amount by this temperature rise.

Use a Boltzmann distribution to explain why an increase in temperature has such a significant
effect on the rate of a reaction.

[Total: 4]

© OCH 2009

1

5 Nitric acid, HNOy, is a strong acld which can react in a similar way to hydrochloric acid.

() (i) Write the equation for the reaction that occurs when solid magnesium carbonate, MgCQOy,
is added to aqueous nitric acid.

(i) What is observed when sclid magnesium carbonate is added to aquecus nitric acid?

{iii) Write the ionic equation for the reaction between solid magnesium carbonate and
aqueous niiric acid.

........................................................................................... [1]
{c) Nitric acid reacts with ammonia, NH_, to form ammaonium nitrate, NH,NO,.
NHg (@) ~+ HNO4(aq) — NH,NO{aqg)
NH,NO, can be used as a fertiliser because it contains a high percentage of nitrogen.
{i} Why does ammania react with nitric acid?
...................................................................................................................................... 11
(i) Calculate the percentage, by mass, of nitrogen in NH,NO..
[21
[Total: B]

END OF QUESTION PAPER
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