
Chemistry2720Fall 2002Test3

Answer all questions.
Write all answers in the booklets provided.
Aids allowed: 81

2
� 11-inchinformationsheet,calculator.

Time: 75min
Questions: 6
Marks: 60
Useful data:

c � 2 � 99792458 � 108 m/s
e � 1 � 60217646 � 10� 19C
ε0 � 8 � 854187817 � 10� 12C2J� 1m � 1

h � 6 � 6260688 � 10� 34J/Hz
me � 9 � 1093819 � 10� 31kg
NA � 6 � 0221420 � 1023mol � 1

RH � 2 � 17987190 � 10� 18J

1. Atomic andmolecularenergiesareoftengivenin electron-volts (eV). Thesecondionization
energy of heliumis 54.416eV. Whatis Rydberg’sconstantin eV?[3 marks]

2. In certainareasof chemistry, it is commonto make solidsor even molecularcompounds
which containcavities large enoughto hold one or a few molecules. Examplesinclude
fullerenes(carbonallotropes),zeolites(silicates)andclathrates(ices in which the crystal
structurehaslargevacancies).Supposethatamethanemolecule(molarmass16.043g/mol)
is trappedin acavity of radius1.14nm,thesizeof thecavities in zeoliteA.

(a) Estimatetheminimumuncertaintyin thevelocityof themethanemolecule.[6 marks]

(b) Usingtheone-dimensionalparticle-in-a-boxformula,calculatetheminimumspeedof
themethanemolecule.1 [4 marks]

(c) Are theresultsof thelasttwo questionsconsistentwith eachother?Explain. [4 marks]

3. Spectroscopicequipmentis frequentlycalibratedusingthe mercurygreenemissionline at
0.4960µm. If a gaseous202Hg atomemitsa photonof this wavelength,by how muchdoes
its speedchange?The massof a 202Hg atomis 201.970617amu. Typical speedsfor gas-
phaseatomsor moleculesat roomtemperaturearein therangeof a few hundredmetersper
second.Is thechangein thespeeddueto theemissionprocesssignificant?[8 marks]

1Thecavity in azeoliteis not one-dimensional,but this will givea reasonableorder-of-magnitudevalue.
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4. Ionizationenergiescanbe measuredby photoionizationspectroscopy. In this technique,a
sampleis irradiatedwith monochromaticradiation.If theradiationis sufficiently energetic,
electronsareejected.Someof thephotonenergy goesinto ionizing theatomor molecule,
andtherestshowsup askineticenergy of theejectedelectron.

Heliumhasanultraviolet emissionline at 58.4nm. Whenthis wavelengthof light is usedto
ionizekryptonatomsin thephotoionizationexperiment,theejectedelectronshave a speed
of 1 � 59 � 106m

�
s. Calculatetheionizationenergy of krypton. [6 marks]

5. An orthorhombiclattice is onewhoseunit cell is a rectangularprism,but in which noneof
thelatticeconstantsarenecessarilyequal. In anorthorhombiclattice,thedistancebetween
thecrystallographicplanesis givenby
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Nickel (II) sulfateformsorthorhombiccrystalswith a � 634pm,b � 784pmandc � 516pm.

(a) If you wereto studyNiSO4 by X-ray diffractionat a wavelengthof 178.5pm, at what
angleswouldyouexpectto seethefive lowest-anglereflections?Reportyouranglesin
degrees,to two decimalplaces,andindicateclearlytheMiller planesto which eachof
thesereflectionscorresponds.[16 marks]

(b) Supposethatyou wantedto repeatthis experimentby neutrondiffraction,keepingthe
samewavelength.Whatshouldthespeedof theneutronsbe?Themassof aneutronis
1 � 67492716 � 10� 27kg. [4 marks]

6. TheHumphreysseriesis aseriesof emissionlinesin thespectrumof hydrogenall of which
shareacommonfinal quantumnumbernf . Thelongest-wavelengthline in thisseriesoccurs
at 12.368µm. Whatis nf ? [9 marks]
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