
Name:

IQS Module S2 Take-home Exam, 2014

Instructions:

Once you begin work on this portion of the test, you have 120 minutes to complete it. You
will need to be able to run Spartan for one question, so make sure you have access to a
university computer with the software (eg in C201). Write your answers on separate sheets
of paper, and be sure to put your name on each sheet. As with the in-class portion of the
exam, you are not allowed to use any reference materials except those that come with the
exam, and you may not discuss this exam with anyone except Dr. Gilfoyle or Dr. Stevenson.

This portion of the test must be turned in by 11:20 am on Friday, March 20. Please return
all sheets with your work.

I pledge that I have neither given nor received unauthorized assistance during the completion
of this work.

Signature
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Name:

IQS S2 Integrative Questions (10 pts)

The n = 0 to n = 1 vibrational transition of the HI molecule occurs at a frequency νHI =
6.69× 1013 Hz. The same transition for the NO molecule occurs at νNO = 5.63× 1013 Hz.

1. What is the effective force constant k for each molecule?

2. What is the amplitude of vibration of each molecule around the equilibrium point?

3. Explain the differences between the results for these two molecules.

4. If the hydrogen in HI is replace by deuterium, to form DI, what would you predict
would be the new vibrational frequency?

5. If an electron is removed from the NO molecule, leaving the NO+ molecular cation,
would you expect the vibrational frequency to increase or decrease? Justify your
answer:

(a) with pen and paper, using Lewis structures and (non-computational) MO theory

(b) using Spartan to perform whatever quantum mechanical calculations you wish.
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Physics Constants, Conversion Factors, and Equations
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Speed of Light (c) 2.9979× 108 m/s proton/neutron mass 1.67× 10−27 kg

R 8.31J/K −mole g 9.8 m/s2

Earth’s mass 5.98× 1024 kg Earth’s radius 6.37× 106 m

Earth-Moon distance 3.84× 108 m Electron mass 9.11× 10−31 kg

h 6.626× 10−34 J − s 1.6× 10−19 J/eV 1.66× 10−27 kg/u
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IQSModuleS2Take-homeExam,2014

Onceyoubreakthesealonthisdocument,youhave120minutestocompleteit.You
willneedtobeabletorunSpartanforonequestion,somakesureyouhaveaccessto
auniversitycomputerwiththesoftware(eginC201).Writeyouranswersonseparate
sheetsofpaper,andbesuretoputyournameoneachsheet.Aswiththein-class
portionoftheexam,youarenotallowedtouseanyreferencematerialsexceptthose
thatcomewiththeexam,andyoumaynotdiscussthisexamwithanyoneexceptDr.
GilfoyleorDr.Stevenson.

Thisportionofthetestmustbeturnedinby11:20amonFriday,March20.Please
returnallsheetswithyourwork.


