Chemistry2720Fall 2002Final Examination

Writeall answersin the booklets provided.

Time: 3h

Total marks: 107

Aids allowed: 8% x 11-inchinformationsheetcalculator

Read theinstructionsfor each section carefully. If youareaskedto answeronly alimited num-
ber of questionsmalke sureto make it clear(by crossingout ary abortedwork which you
don't want marked) which question(s) shouldmark. Otherwise,l will markthe first an-
swer(s)l see. | will not mark more than the required number of questions from any
given section.

A periodic tableisattached to the back of thisexam.

Useful information:

c = 2.99792458x 108 m/s Bohr model:
e=160217646x 10-1°C o
g0 = 8.854187817x 10-12C2J-m1 = %o
h = 6.6260688 x 10-34J/Hz TZe?me
h=1.054572x 10~34Js 2 Ze?
me = 9.1093819 x 10 31kg " AmEgmery
Na = 6.0221420 x 10%3mol~1
R = 8.314472JK-mol-1 ElectromagnetiSpectrum
Ry = 2.17987190x 10-18] Region Wavelengthgm)
1bar= 100000Pa radio overl
1m3 = 1000L microwave | 10 3-1
infrared 7.1x10 =103
To corvert degreesCelsiusto Kelvin, add red 5.8x 107 -7.1x 107/
273.15. yellow 54x 10 ’-58x 10~/
green 4.8x 10 '-54x 10~/
IsotopicMasses blue 3.9x 10 7-4.8x 1077
Isotope Mass(amu) ultraviolet | 1078-3.9x 10~/
“C 12 X rays 10 11-10°8
329 3197207069 yrays under10-11
34g 33.96786683




Standardrhermodynamidroperties
at25°C andlbar _
Species AHZ AG; Cp
(kd/imol) | (kd/mol) | (JK~Imol~1)

Clg) 121301 105305 2184
Hg) 217.998 203276 20.786
HCl ) —-9231 —95.30 291
MnOz(S) -5200 —4652 54.1
Mn205) | —959 —881 107.7

Si() 0 0 201

1 Answer all questionsin this section.

Valueof this section:75 marks

1.

(a) A 3509 block of siliconis broughtfrom 20°C to its melting point, 1693K. How much
heatdoesthis require?[4 marks]

(b) Do you expectthevaluecalculatedn part(a) to bereasonablyaccurateVhy or why
not?If youwantedto do better whatdatawould you need?How would the calculation
differ from thatcarriedoutin part(a)?[6 marks]

. Heliumboils at4.20K with anenthaly of vaporizationof 84J/mol. Whatis the entrogy of

vaporizationof heliumatits boiling point?[3 marks]

. Givetheground-statelectronicconfiguratiorof anantimory (Sb)atomusingspectroscopic

notation. Briefly discusshe locationof this elementin the periodictablewith referenceo
its electronicconfiguration[6 marks]

A velocity selectoris a device which removesall particlesfrom a beamexceptthosewith a
particularvelocity. Supposéhatyou useanelectronvelocity selectotunedto 1200+2m/s.
Whatis theminimumuncertaintyin thepositionsof theelectronsemeging from thisdevice?
[4 marks]

. Theprofessotin-a-boxproblem:A 75kg quantummechanicgprofessohasbeenockedinto

ashort,narrav hallway of length5 m. To pasghetime, hedecidedo calculateheminimum
kinetic enegy which quantummechanicsgequireshim to have, assuminghat he cantreat
himselfasa particlein aone-dimensionabox. Whatvalueshouldheget?Is this alarge or
asmallkineticenegy?[4 marks]



6. Theabsorptiorinesin therotationalspectraf 12C32S andof 12C34S arespacedy 49168.6140
and48380.18668VIHz, respectiely.! Do thesetwo isotopicvariantsof CS have the same

bondlength?[16 marks]
7. (a) Calculatethedissociatiorenthalfy of gaseou$iCl at298.15K. [3 marks]
(b) Calculatethedissociatiorenthalfy of gaseou$iCl at 900K. [8 marks]
(c) Calculatethedissociatiorenergy of HCI at298.15K. [4 marks]

(d) Whatis the maximumwavelengthof a photonwith sufficient enegy to causethe dis-
sociationof anaverageHCI| moleculeat 298.15K.2 In whatspectraregionwould such

aphotonfall? [5 marks]

(e) Estimatethetemperaturetwhich gaseou$iCl ataninitial pressuref 0.4barbe50%
dissociatednto its atoms.[12 marks]

2 Answer one question from this section.

Valueof this section:8 marks

Extraanswerswill notbe marked.

1. In theBohrmodel,how long would it take for anelectronin the groundstateof a hydrogen
atomto completeoneorbit? [8 marks]

2. Doesthe emissionspectrumof the hydrogenatom containary lines in the X-ray range
of the electromagnetispectrum? If so, give an example (initial and final valuesof the
principalquantumnumber).Otherwise whatis the minimumatomicnumberrequiredfor a
hydrogenicatomto emit X rays?[8 marks]

1v. AhrensandG. Winnewisser Z. NaturforschA 54, 131 (1999).
2Quantitiescalculatedrom thermodynamicsreaveragesatherthanvaluesappropriateo all the molecules.

3



3 Answer two questions from this section.

Valueof this section:24 marks

Extraanswerswill notbe marked.

1. Duringthereversibleadiabatiaxpansiorof anidealgas thepressur@ndvolumearerelated
by PVY = a wherey = Cp/Cy, anda is a constantdeterminedby the initial pressureand
volume. For gasesCy ~ Cp — R, soy caneasilybe calculatedfrom the constant-pressure
heatcapacity Calculatethe work doneduring a reversibleadiabaticexpansionof 1.85mol
of nitrogengas(Cp = 29.12JK~tmol~1) from aninitial pressur@ndtemperaturef 0.94bar
and225°C, to afinal pressuredf 18 mbar Treatnitrogenasanidealgas.[12 marks]

2. The octanol-vater partition coeficient of a compoundis the equilibrium constantfor the
Proces:A ag = A(soloctang)- (Octanolis lessdensehanwater andoctanolandwaterdon't
mix, so imaginea layer of octanolfloating on waterwith the solute being free to move
betweenthe two phases.)This partition coeficient correlategeasonablyvell with theten-
dengy of a substanceo entercell membranesndthusto bioaccumulate .Bleachingpulp
for the productionof paperproducesa numberof ervironmentallyundesirableompounds,
including chlorinatedcymenes Tetrachloro-p-gmene(TCPC)

Cl Cl

Cl Cl

hasa molar massof 274.1g/mol, a solubility in waterof 0.15g/m?3, andan octanol-vater
partition coeficientof 6.8 x 10° at25°C 3

The high solubility of TCPCin hydrophobicphasessuchas octanoland cell membranes
posesa serioustoxicologicalproblem,but it alsopresentopportunitiesfor removal of this
substancérom aqueousvaste.If 10.0m? of anaqueousolutioncontainingd.98g of TCPC
is put in contactwith 2.0L of octanol,what massof TCPCremainsin the aqueougphase
oncethe systemhascometo equilibrium?[12 marks]

Note: To geta reasonablenswerfor this problem,you’ll have to keepa lot of digits (as
mary aspossible)in intermediatestepsof the calculation.

3. Is the corversionof MnO, to Mn,0O3 spontaneousit 80°C underan oxygen pressureof
0.2bar?[12 marks]

3R. Lun etal., J. Chem.Eng.Data42, 951 (1997).




4. Hereis theorbital enegy diagramof NO™:

5.23eV
-7.36
-31.15
-31.87
-36.71
-59.69
-442.35

-577.82

The diagramis not dravn to scale. The numberson the right are the orbital enepgiesin
electron-wlts.

(a) Reproducehe diagramin your exam booklet. Assumethata similar labelingsystem
canbeusedfor this moleculeasfor homonucleadiatomics,andlabelthe orbitals. For
example,the bottomtwo orbitalswould be labeledo;s andoj. [3 marks]

(b) Determinethebondorderin NO™. [5 marks]
(c) Theorbitalat —31.15eV hasthefollowing shape:

_éiz

ik§>

1Al

AN R

[
N

Doesthe shapeof this orbital agreewith your labelin parta of this question?Explain
briefly. [4 marks]

Merry Christmas
and
Happy New Year!
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