Chemistry2720Fall 2002Test3

Answer all questions.

Write all answersin the booklets provided.

Aids allowed: 8% x 11-inchinformationsheetcalculator
Time: 75min

Questions. 6

Marks: 60

Useful data;
c=2.99792458 x 108 m/s

e=1.60217646x 10 1°C

€0 = 8.854187817x 10 12C2JIm1
h=6.6260688 x 1034 J/Hz

me = 9.1093819 x 10~31kg

Np = 6.0221420 x 10?3mol~1

Ry =2.17987190x 1018)

1. Atomic andmolecularenegiesareoftengivenin electron-wlts (eV). Thesecondonization
enegy of heliumis 54.416eV. Whatis Rydbeg’s constanin eV?[3 marks]

2. In certainareasof chemistry it is commonto make solids or even molecularcompounds
which contain cavities large enoughto hold one or a few molecules. Examplesinclude
fullerenes(carbonallotropes),zeolites(silicates)and clathrategices in which the crystal
structurehaslarge vacancies)Supposehata methananolecule(molarmassl6.043g/mol)
is trappedn acavity of radiusl.14nm,thesizeof the cavitiesin zeoliteA.

(a) Estimatethe minimumuncertaintyin the velocity of themethanemolecule.[6 marks]

(b) Usingthe one-dimensiongbarticle-in-a-boxformula, calculatethe minimum speedof
the methanenolecule! [4 marks]

(c) Aretheresultsof thelasttwo questionconsistentvith eachother?Explain. [4 marks]

3. Spectroscopiequipments frequentlycalibratedusingthe mercurygreenemissionline at
0.4960um. If a gaseoug®Hg atomemitsa photonof this wavelength,by how muchdoes
its speedchange?The massof a 22Hg atomis 201.970617amu. Typical speedgor gas-
phaseatomsor moleculesatroomtemperaturarein the rangeof afew hundredmetersper
secondls thechangean the speeddueto the emissionprocesssignificant?[8 marks]

Thecavity in azeoliteis notone-dimensionabut thiswill give areasonablerderof-magnitudevalue.
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4. lonizationenegiescanbe measuredy photoionizationspectroscop In this techniquea
sampleis irradiatedwith monochromaticadiation. If theradiationis sufficiently enepetic,
electronsare ejected. Someof the photonenepgy goesinto ionizing the atomor molecule,
andtherestshowvs up askinetic enegy of the ejectedelectron.

Helium hasanultraviolet emissionine at 58.4nm. Whenthis wavelengthof light is usedto
ionize krypton atomsin the photoionizationexperiment,the ejectedelectronshave a speed
of 1.59 x 10°m/s. Calculatetheionizationenegy of krypton. [6 marks]

5. An orthorhombidattice is onewhoseunit cell is arectangulaprism, but in which noneof
the lattice constantarenecessarilyequal. In an orthorhombidattice, the distancebetween

thecrystallographiglaness givenby
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Nickel (11) sulfateformsorthorhombiccrystalswith a= 634pm,b=784pmandc= 516pm.

(a) If youwereto studyNiSO, by X-ray diffractionat a wavelengthof 178.5pm, at what
angleswould you expectto seethefive lowest-angleeflectionsReportyour anglesn
degreesto two decimalplacesandindicateclearlythe Miller planesto which eachof
thesereflectionscorresponds[16 marks]

(b) Supposdhatyou wantedto repeathis experimentby neutrondiffraction, keepingthe
samewavelength.Whatshouldthe speedf the neutrondbe?The massof a neutronis
1.67492716 x 10-27kg. [4 marks]

6. TheHumphreg/s seriess aseriesof emissioninesin thespectrunof hydrogenall of which
shareacommonfinal quantunnumbems. Thelongest-vavelengthline in this seriesoccurs
at12.368um. Whatis n;? [9 marks]



