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ADVANCEDLEVELPHYSICALCHEMISTRYTOPICALTEST.

THEGASEOUSSTATEOFMATTER.

Inst.Attemptallquestionsinthispaper.

1.(a)Statethefollowingidealgaslaws;

(i)Boyle’slaw. (1mark)

Itlawstates,thatthevolumeofagivenmassofagasisinverselyproportionaltoits
pressureatconstanttemperature.✓

(ii)Charles’law. (1mark)

Itstatesthat,thevolumeofagivenmassofgasisdirectlyproportionaltoits
absolutetemperatureatconstantpressure.✓

(iii)GayLussac’slaw. (1mark)

Itstatesthat,thepressureofafixedmassofgasisdirectlyproportionaltothe
absolutetemperatureatconstantvolume.✓

(b)(i)Statetheidealgasequation. (1mark)

PV=nRT✓

(ii)Calculatetherelativemolarmassofa0.20ggasthatoccupies268cm3at18oCata

pressureof100400Nm-2. (3marks)

From x ✓
P1V1

T1

P2V2

T2

V2= = ✓
P1V1T2

P2T1

100400X268X10-6X273

101325X291
V2=2.49x10-3m3

✓

From PV=nRT✓

Mr= ;= ✓
nRT

PV

0.20X8.314X291

100400X2.49X10-3
Mr=19gmol-1✓

2.(a)StatetheThomasGraham’slawofgaseouseffusion. (1mark)
Itstatesthat,therateatwhichgaseseffuseatconstanttemperatureandpressure
isinverselyproportionaltothesquarerootoftheirdensities.✓

(b)Twopiecesofcottonwool,onesoakedinanamineandtheotherinconcentrated
hydrochloricacidwereplacedattheoppositeendofa1m glasstube.Aftersome
time,awhiteringwasformedat0.52m from theendcontainingtheamine.
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(i) Calculatethemolecularmassoftheamine.
(3marks)

Distancemovedbyamine=0.52m;DistancemovedbyHCl=(1-0.52)=0.48m✓
Thetime,t,takenforbothamineandHCltomovetowherethewhiteringisformed
isthesame.

= = ; = =R
A

Distance

time

0.52

t
R

HCl

Distance

time

0.48

t

From Graham’slaw

=√ ✓
R

A

lR
HCl

Mr.
HCl

M
r.Amine

x =√ ✓
0.52

t

t

0.48

36.5

Mr.
Amine

=√ ✓
0.52

0.48

36.5

M
A

2= ✓(0.52

0.48) 36.5

M
A

= 2x36.6=31.1✓M
A (0.52

0.48)

(ii)Determinethemolecularformulaandhencestructuralformulaoftheamine.
(2½marks)

CnH(2n+1)NH2=31✓
12n+2n+1+14+2=31✓
14n+17=31
14n=14
n=1✓
MolecularformulaisCH3NH2✓
StructuralformulaisCH3NH2✓

(iii) GivetheIUPACnameoftheaboveamine. (½mark)
Methylamine/aminomethane✓

3.(a)whatismeantbythefollowingterms;

(i)Partialpressure. (1mark)

Partialpressureisthepressurewhichagasexertsifitaloneoccupiedavessel
alone,whichwasinitiallyoccupiedbyamixtureofgases.✓
Accept;Partialpressureistheproductofthemolefractionofthegasandthetotal
pressureofthegases.✓



May2020

©jusan%chem%P525 Page3of3

(ii)Molefraction. (1mark)

Thisistheratioofthenumberofmolesofacomponentofagastothetotalnumber
ofmolesofthecomponentsinthemixture.✓
(b)(i)StatetheJohnDaltonslawofpartialpressures. (1mark)

Itstatesthat,thetotalpressureexertedbyamixtureofgasesthatdonot

chemicallyreactisequaltothesum ofthepartialpressuresofthecomponents

inthemixture.✓

(b)2.0gofcarbondioxideand4.5gofoxygenweremixedin1litrecontainer.Ifthe
totalpressureis120atm.calculatethepartialpressureofeachinthecontainer.

(2½marks)
Solution

Molesofcarbondioxide= =0.045moles.✓
2.0

44

Molesofoxygen= =0.14moles✓
4.5

32

Totalnumberofmoles=0.045+0.14=0.185moles✓

Partialpressureofoxygen= x120=90.81atm.✓
0.14

0.185

Partialpressureofcarbondioxide= x120=29.19atm.✓
0.045

0.185

4.(a)Statethekinetictheoryofgases. (1marks)

Thetheorystatesthatgasesconsistofmoleculesthatareinconstantrandom

motioninalldirections.✓

(b)Statefourassumptionsofthekinetictheoryofgases. (4marks)

Theforcesofattractionbetweenthegasmoleculesandwallsofthecontainer

arenegligible;✓

Gasmoleculesareinstateofrapidrandom motioncollidingwitheachotherand
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withthewallsofthecontainerhenceconstitutingpressure;✓

Thecollisionofthegasmoleculesisperfectlyelasticandthereisnolossin

kineticenergy;✓

Gasesconsistofsmallparticlescalledmolecules.✓

Theaveragekineticenergyofthemoleculesisdirectlyproportionaltothe

absolutetemperatureandisindependentofthechemicalnatureofthegas.✓

1mark@;Anyfour.

5.(a)Explainwhatismeantbyterm compressibilityfactor? (1mark)

Compressibilityfactoristhemeasureofdeviationofagasfrom idealgasbehaviour.
✓

(b)AgraphofZ= againstpressurefor1moleofmethaneisshownbelow
PV

nRT

(a)Givethereasonforthebehaviourofmethanegasat273Kwhenthepressureis
lowerthan200atm. (2marks)

Asthepressureincreasesfrom zeroto200atm;✓thevanderWaalsforcesof
attraction between methane molecules becomes more significant✓ due to
closenessofthemolecules✓ascomparedtotheeffectofmolecularvolume.✓
leadingtoaslightfallonthecompressibilityfactorbelowthatofidealgas.
½mark@ =2marks

(b)Giveareasonforthebehaviourofmethaneat273Kwhenthepressureishigher
than200K.

Increasesinpressurebeyond200atm,theeffectofmolecularvolumecannolonger

Z=
PV

nRT

200 400 600
800
Pressure(atm)

X;✓Ethane(273K)

=1mark

Methane(273K)

Idealgas
(273K)
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be ignored✓ and itoutweighs thatdue to molecularattraction✓.The effect
increasesthe value ofthe compressibilityfactor✓ hence a rise in the graph.
½mark@ =1½marks

(c)Onthesameaxis,sketchagraphofethaneat273Kandgivereasonsforyour
sketch.LabelthecurveX. (4mark)

Reason:

ThecurveforXfallsgreaterthanmethane,✓becauseethaneisbiggerandweighs

more✓thereforeexertsagreatermolecularattractionamongitsmoleculesthan

methane✓.

Below 200 atm,the effectdue to molecularattraction outweighsthatdue to
molecularvolumecausingadecreaseinthecompressibilityfactor.

Above200atm (aspressureincreases),✓ theeffectduetomolecularvolume

outweighsthatduetomolecularattractioncausingariseincompressibilityfactor✓.

Thelargesizeofethanemoleculescausestheeffectduetoitsmolecularvolumeto
bemoregreaterthaninmethaneathighpressures,makingthedeviationmorefor
X✓ ½marks@ =3marks.

6. (a)Whatismeantbythefollowingtermsasappliedtoliquefactionofgases?

(i) Criticaltemperature. (1mark)

Criticaltemperatureisthemaximum temperatureatwhichagascanbeliquefied

andbeyondwhichnoliquefactiontakesplacenomatterhow muchpressureis

applied.✓

(ii) Criticalpressure. (1mark)

Thistheminimum pressurewhichisjustenoughtoliquefyonemoleofagasatits

criticaltemperature.✓

(iii) Criticalvolume. (1mark)

Criticalvolume is the volume occupied byone mole ofa gas atits critical

temperatureandpressure.✓

(b)Thediagram belowshowstheThomasAndrewsisothermsofcarbondioxidegas.
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(i) What is the critical

temperatureofthegas?(1mark)

304K✓

(ii) Which isothermal almost

representsanidealgas?(½mark)

Isotherm 321K✓

(iii)WhatdoestheregionABC

represent? (1mark)

Regionofcondensationofthegas.✓

Accept;regionofgasbeinginequilibrium withliquid.

(c)Statetwoconditionsforliquefyingagas. (1mark)

Temperaturebelow(lessthan)thecriticaltemperature.✓

Highpressure.✓ ½mark@=1mark

C

A

B

294K

304K

321K


