
Chemistry3730Fall 2002Test3

Write all your answersin the bookletsprovided. You areentitled to one 81
2
� 11-inchpieceof

papercontainingany informationyouwant. (Somedatais alsogivenat theendof this testpaper.)
Hand-heldcalculatorsareallowed. You mayuseMaple,HyperChem,andtheir helpsystems.No
otheraids,printedor electronic,areallowed.

If you useMapleor HyperChemto solvea problem,it is your responsibility to make it clearwhat
you aredoing. I expectto seethe mathematicalexpressionsevaluatedusingMaple, but not the
Maple commandsusedto evaluatethem. Show the resultsof any significantintermediatesteps
when feasible. For HyperChem,you shouldgive sufficient detail to allow replicationof your
results,but againI don’t wanta click-by-click accountof your useof thesoftware.

Time: 2h

Totalmarks:58

Thereis alsoa possibilityof 3 bonusmarks.Any bonusmarksearnedwill beapplieddirectly to
yourfinal grade.

Useful information

Sphericalpolarcoordinates:
dV � r2sinθdr dθdφ, θ � � 0 � π � , φ � � 0 � 2π �
1kcal� mol � 4 � 33641 � 10	 2eV

Maplesyntaxreminders:
If youwant type

ex exp(x)

x



abs(x)�
x sqrt(x)

π Pi

1. Calculatethefirst ionizationenergy of anarsenicatom.Reportyouranswerin eV. [10marks]

2. Answerone of thefollowing two questions.[4 marks]

(a) Thedescriptionof thegroundstateof heliumasa 1s2 configurationis anapproxima-
tion. Explainbriefly thenatureof this approximation.

(b) What is the major difficulty in usingthe variationalmethodto computeexcited state
wavefunctions?
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3. Wesaw in classthatthefollowing areall wavefunctionscorrespondingto thetriplet stateof
heliumin the1s12s1 electronicconfiguration:

ψ1 � φ1 � 1 � 2� α � 1� α � 2��
ψ0 � φ1 � 1 � 2� 1�

2

�
α � 1� β � 2��� α � 2� β � 1���

ψ 	 1 � φ1 � 1 � 2� β � 1� β � 2� ;
where φ1 � 1 � 2��� 1�

2

�
1s� 1� 2s� 2��� 1s� 2� 2s� 1�����

Thereis alsoasingletwavefunction:

ψsinglet � 1
2

�
1s� 1� 2s� 2��� 1s� 2� 2s� 1��� �α � 1� β � 2��� α � 2� β � 1�����

(a) Eithershow directly thatψ1 is orthogonalto ψ0, or provide anargumentto this effect
basedon fundamentalquantummechanicalprinciples.[4 marks]

(b) Sinceall threeof the triplet wavefunctionshave the sameenergy, any linear combi-
nationof the threeis alsoa solutionto Scḧodinger’s equationwith the sameenergy.
If, in a particularexperiment,we do nothingto selectamongthesethreepossibilities
(i.e. if theexperimentdoesn’t createa specialaxis in spacerelative to which Sz hasa
meaning),thenexcitation to the triplet statewill in generalproducea mixture of the
three.Supposethatin aparticularexperiment,wehavecreatedthesuperpositionstate

ψ11� 	 1� � N � ψ1 � ψ0 � ψ 	 1 ���
whereN is a normalizationfactor. Determinethevalueof N. [4 marks]

(c) Is ψ11� 	 1� an eigenfunctionof Ŝ2? If so,what is the eigenvalue? If not, demonstrate
thatit isn’t. [4 marks]

(d) Is ψ11� 	 1� an eigenfunctionof Ŝz? If so,what is the eigenvalue? If not, demonstrate
thatit isn’t. [4 marks]

Bonus question: Constructanormalizedwavefunctionwhichhasthesameenergyasψ11� 	 1�
but is orthogonalto it. [1 bonusmark]
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4. Estimatetheground-stateenergy of aparticleof massm subjectedto apotentialV � x ��� A


x



usingthevariationalwavefunctionφ � x ��� e 	 bx2
. [18 marks]

Hints: Thevariationalwavefunctiononly makessenseif b � 0, andMaplewill needto be
giventhis information.Theequationyou needto solve hasmultiple solutions,but only one
is physicallysensible.(Thecorrectsolutionwill standout.) You will have to substitutethe
desiredsolutioninto your variationalenergy. Thebestway to do this is to usesubs(). The
command

subs(u=value,expression);

replacesthevariableu by value wherever it appearsin expression (whichcanbethename
of a variable). After makingthesubstitution,you shouldtell Maple that a, m andh̄ areall
positivequantitiesandthenusesimplify().

Bonus question: Usethevariationalmethodto obtainanestimatefor theenergy of thefirst
excitedstate.[2 bonusmarks]

5. Calculatetheexpectationvalueof thekineticenergy for ahydrogen atomin the2p0 state.In
sphericalpolarcoordinatesandatomicunits, thenormalized2p0 hydrogenicwavefunction
is

ψ2p0 � � Z5

32π
re 	 Zr � 2cosθ

andthekineticenergy operatoris

K̂ � � 1
2r2

∂
∂r ! r2∂

∂r " � 1
2r2 L̂2 �

Whataretheunitsof your answer?[10 marks]

Hints: Startby settingup thecalculationon paper. Do asmany simplificationsasyou can
by hand. Whenyou’re readyto starttyping integralsinto Maple,startfrom the insideout.
For example,if there’saderivativeinsideanintegral,startby typingtheexpressionof which
you wantto take thederivative, thenaddthediff() functionandits parentheses,thenadd
theint() functionandits parentheses.
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