Chemistry2720Fall 2001Final Examination

Write all your answersn thebookletsprovided. Readtheinstructionscarefully In somesections,
you have somechoice. DO NOT answermore thanthe requirednumberof questionsn these
sectionsExtraanswersviLL NOT bemarked.

Formulasanddataaregivenatthe endof this paper
Aids allowed: calculator Periodictablesandotherprintedaidsarestrictly forbidden.

Pages:6. Time: 3h.

1 Answer all questionsin this section.

Valueof this section:69

1. Calculatetheionizationenegy of aBe3t ion. [2 marks]

2. Shaw theorbital occupang (usinganorbital box diagram)in the groundstateof aniridium
atom.[5 marks]

3. In anordinaryincandescenight bulb, approximately35% of the enegy usedis corverted
to photons.Therestis lostin theform of heat.

(a) Assumingthat the averagephotonhasa wavelengthof 580nm (aboutthe middle of
the opticalrange) roughlyhow mary photonsareproducedoerhourby a 100W light
bulb? Expressyour answelin moles.[6 marks]

(b) Supposehattheheatfrom alight bulb werecapturedn 1kg of waterinitially at20°C.
How long would it take for the waterto cometo a boil? The specificheatcapacityof
wateris 4.184JK ~1g~1. [5 marks]

4. Theentrogy of vaporizationof mostsubstanceat their boiling pointis usuallybetweer85
and95JK ~Imol~L. This obsenationis known asTrouton’s rule. Thereare exceptionsto
Troutonsrule. Waterfor instancenasavery highentrogy of vaporizatioratits boiling point:
108951JK~tmol~1. Why?[4 marks]

5. Explain, usinga fundamentatjuantummechanicaprinciple, why the regular orbits which
arecentralto the Bohr theoryof theatomareimpossible [4 marks]



6. CODATA, theCommitteeon Datafor ScienceandTechnologyproducestablewhichgives
generallyacceptedvaluesof thermodynamigropertiesfor a broadrangeof substances.
Theirtableis alittle differentfrom the onein mosttextbooks. Hereis anexcerptfrom that
table,with notationsadjustedo matchthe onesusedin this course:

Substance State AH? (298.15K) S (298.1%)! H°(29815K) —H°(0K)

kJ/mol JK Imol1 kJ/mol
Al S 0 28.30 4.540
Al3+ aq —5384 —325
HT aq 0 0
Ho g 0 130.680 8.468

(a) Calculatethestandardreeenegy of formationof Al (3;;1) [6 marks]

(b) Towhichthermodynamipropertyof asubstances thelastcolumnof thetablerelated?
Give the precisemathematicatelationship [4 marks]

7. A commondry cell (“battery”), alsoknown asa Leclancle cell, hasthe following overall
reaction:

Zn(s) + 2NH; o +2MnOys) — ZnT, + 2NHg(ag + H20() +Mn20g).

Supposehatadry cell operatingat25°C startsoff with thefollowing concentrationsiNH; ] =
1.5mol/L, [Zn®*] = 0.03mol/L and[NHz(aq] = 0.12mol/L. Thesolid reactantginc and
manganes@V) oxidearepresenin excess.Thewaterexistsin a concentrategasterather
thanasa free solution (hencethe name“dry cell”). For the sale of agument,assumehat
aH,o is constanandhasthevalue0.5. Calculatehemaximumwork whichcanbeperformed
by this cell permoleof zincconsumed

(a) initially, and[5 marks]
(b) whenhalf theammoniumion availablehasreacted[5 marks]

8. (a) Derive anequationfor thefrequencie®f photonsnvolvedin therotationalabsorption
spectroscopof alinearmolecule.[4 marks]

(b) Metalfluoridesaregenerallyfairly easyto make dueto the very high electrongativity
of fluorine. However, gold (1) fluoride hasonly beenmadevery recentlyby a group
at the University of British Columbia? They wereableto make °’Au'®F in the gas
phaseandto studyits rotationalspectrumby microwave spectroscop The spacing
betweerthe rotationallinesis 15849.66MHz. The masse®f 1°F andof 1°’Au are,
respectrely, 18.99840320and196.96652amu.Calculatehebondlengthin AuF. [9
marks]

IDefining absoluteentropiesfor solvatedions posespracticalproblemswhich areresohed by presentingvalues
relative to theaqueousydrogerion.
2C.J.EvansandM.C.L. Gerry, J.Am. Chem.Soc.122, 1560(2000).

2



9. Thecarbon-atonting in benzenas a regularhexagonof side0.139nm. Assumingthatthe
Tt electronsof benzenexist in orbitalswhich follow this hexagonalring andthatthereis
no potentialenegy (nota particularlygoodassumption)developanequatiorfor theorbital
enegies. Therearesix 1t electronsn benzeneWhatis thewavelengthof the lowest-enegy
electronictransitionaccordingto this model,i.e. the wavelengthassociateavith moving a
singleelectronfrom thehighestoccupiednolecularorbitalto thelowestunoccupiearbital?
[10 marks]

2 Answer exactly two questionsfrom this section.

Do not answemorethanthe requirednumberof questionsn this section.Extraanswerswill not
be marked.

Valueof this section:12 marks

1. Theaciddissociatiorconstanbf phosphori@cidis 7.5 x 102 at25°C. Whatis thestandard
freeenepgy of formationof theaqueou$i3PO, molecule?6 marks]

2. We establishedn classthatHe, is not expectedto be a stablemoleculebasedon a simple
MO argument,a resultwhich agreeswith whatwe wereall taughtin high schoolaboutthe
chemistryof helium. Usinga similar agument,determinevhetheror notthe molecularion
Hej shouldbe stable. If it is stable,computethe bondorder Otherwise,discussbriefly
whetheryour conclusionwould extendto the othernoblegases[6 marks]

3. Draw (roughly)asimplesquardatticein two dimensionsAdd to your draving anexample
of eachof thefollowing Miller-indexedplanes:(10), (11) and(31). [6 marks]



3 Answer one question from this section.

Do not answemorethanthe requirednumberof questionsn this section.Extraanswerswill not
be marked.

Valueof this section:20 marks

1. Carbonatedirinksaremadeby forcing carbondioxideinto anaqueousolutionunderhigh
pressureTypical softdrinksaremadeat4°C undera pressuref 120kPa of carbondioxide.
Oncethe carbondioxide is dissohedin the aqueoussolution, it reactswith waterto form
carbonicacid. Carbonicacid hasa relatively small pK,, soit dissociategartly into a sol-
vatedprotonanda hydrogencarbonateanion. Assumingthereareno otheracidspresent
calculatethe pH of the solutionformedunderthe conditionsgivenabove. Clearly stateary
assumptionsnadein your calculations[20 marks]

2. Thedistancedetweercrystallographiglanesin arny cubic crystalcanbe calculatedrom

theequation a

e = e
However, the X-ray diffraction patternsof simple,face-centerednd body-centereaubic
crystalslook quitedifferentdueto interferencéetweerthereflectionsrom atomsin differ-
entlattice positions.In the simplecubiclattice,all possiblereflectionsareobsered. In the
face-centeredubic (fcc) lattice, the only reflectionsseenarethosefor which all the Miller
indicesareeitherevenor oddnumbers For instancethe patternof anfcc crystalwould have
(111)(all odd)and(200) (all even)reflectionsput no (100)reflection.In thebody-centered
cubic(bcc)lattice, reflectionsfor whichh+k+1 is anoddnumberarenot obsered. Thus,
thereis no (111)reflectionfrom abcccrystalbecausd + 1+ 1= 3.

Almost all metalseithercrystallizein a hexagonalor a cubic structure. Among the cubic
structuresthefcc andbcclatticesaremostcommonlyobsered. The simplecubicstructure
is rare,but notunknavn. Thediffractionpatternof anickel singlecrystalwasobtainedusing
X raysof wavelengthl.785A. Thefollowing reflectionsvereobsenred:

26.0,30.4,45.8,57.1and61.3°,

Analysisof thesedatahasalreadyeliminatedthe possibility thatthe structureis hexagonal.
Determinethe structureandlattice constant[20 marks]

3Mary softdrinksarefurtheracidifiedwith phosphoriar citric acid.

4



For mulas and data

c=2.99792458 x 10°m/s R=8.314472JK 1mol!
h = 6.6260688 x 10 3*J/Hz Ry = 2.17987190x 10 18]
h o _ _
A= - = 105457160 10 *Js P? = 1bar= 100kPa
c®=1mol/L
me = 9.1093819 x 10~3kg
1W =1J/s

Na = 6.0221420 x 10?3mol~!
lamu= 1.66053873x 10~2’kg

To convertdegreesCelsiusto Kelvin, add273.15.

Cp=a—H p=mv
aT |-
p=h/A
G=H-TS
_ _ E=hv
AG = AG® +RTINQ
_ C=Av
() O (11 1
k)T R \m W K=3mv
pH = —logpay+ AXAp >
2dsinB = nA

For hydrogenicatoms E, = —Z%Ry /n?.

o J(JI+ 1R
For arotatinglinearmolecule E; = %

o . 1 1\*!
For adiatomicmolecule] = uR with p= (— + —) :
m Ny

Therotationalabsorptiorselectiorruleis AJ = 1.



Standardrhermodynami®roperties
at298K andlbar
Species AH? AGt Cp
(kJ/mol) (kd/mol) | (IK~Imol )
COyq) —39351 —394.37 37.1
COyag —41326 —386.05
HC 3ag —689.9 —-586.8
H2CO35q | —6997 —-6231
H20() —285830 —237.140 75.40
Hqu(aq) —13026 —11372
MnOy) -5200 —4652 54.1
Mn205g) —959 —881 107.7
NH3(aq) —80.29 —26.50
NHj(aq) —13326 —-8119
zZn?t —~15339 ~11162
(a9
1 18
1 H 2 He
1.01 2 13 14 15 16 17 4.00
3 Li|4 Be 5 B|6 C|(7 N|8 0|9 F|10 Ne
6.94 | 9.01 10.81( 12.01 | 14.01 | 16.00 | 19.00 | 20.18
11 Na|12 Mg 13 Al|14 sSi|15 P[16 S|17 CI{18 Ar
22.99| 24.31 3 4 5 6 7 8 9 10 11 12 [ 26.98| 28.09 | 30.97 | 32.07 | 35.45| 39.95
19 K|20 Caj21 Sc|22 Ti|23 V|24 Cr|25 Mn|26 Fel27 Co|28 Ni|29 Cu|30 Zn|31 Gal32 Ge[33 As|34 Se|35 Br(36 Kr
39.10| 40.08| 44.96( 47.88 | 50.94 | 52.00 | 54.94 | 55.85 | 58.93 | 58.69| 63.55| 65.39| 69.72| 72.61 | 74.92 | 78.96 | 79.90 | 83.80
37 Rb[38 Sr|39 Y|40 Zr{41 Nb|42 Mo|43 Tc|44 Rul45 Rh|46 Pd[47 Ag|48 Cd|49 In|50 Sn|51 Sb(52 Te|53 {54 Xe
85.47| 87.62| 88.91( 91.22 | 92.91 | 95.94 101.07| 102.91|106.42|107.87112.41{114.82 118.71| 121.76| 127.60| 126.90| 131.29
55 Cs|56 Ba|57 La|72 Hf|73 Ta|74 W|75 Re|76 Os|77 Ir|78 Pt|79 Au|80 Hg[81 TI|82 Pb|83 Bi|84 Po|85 At|86 Rn
132.91137.33138.91 178.49| 180.95| 183.85| 186.21| 190.2 | 192.22|195.08/196.97200.59 204.38 207.2 | 208.98
87 Fr(88 Ra|89 Ac|104 Rf|105 Db|(106 Sg|107 Bh|108 Hs|109 Mt
226.03227.03
58 Cel59 Pr[60 Nd|61 Pm|62 Sm|63 Eu|64 Gd|65 Th|66 Dy|67 Ho|68 Er|69 Tm|70 Yb|71 Lu
140.12( 140.91| 144.24 150.36| 151.97|157.25(158.93162.50164.93 167.26| 168.93| 173.04| 174.97
90 Th({91 Pal92 U|(93 Np|94 Pu|95 Am|96 Cm|97 Bk|98 Cf|{99 Es|100 Fm|101 Md|102 No|103 Lr
232.04| 231.04| 238.03| 237.05




