CHEM*2070 Test #1 Feb. 8, 2011

Name: Student ID:

Instructions: - only answers in boxes will be marked. Use back of each page for scrap paper.
- units are required for answers only.
- please do not use pencil or red pen.
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Masses and natural abundances of
selected nuclides

Nuclide m/u Abundance/%
H H 1.0078 99.985
’H 2.0140 0.015
He “He 3.0160 0.000 13
4He 4.0026 100
Li  °Li 6.0151 7.42
13 7.0160 92.58
B 1B 10.0129 19.78
Lp 11.0093 80.22
G BC 12* 98.89
3G 13.0034 1.11
N "N 14.0031 99.63
15N 15.0001 0.37
g N0 15.9949 99.76
170 16.9991 0.037
%0 17.9992 0.204
F 19F 18.9984 100
P 31p 30.9738 100
S 328 31.9721 95.0
338 32.9715 0.76
348 33.9679 4.22
Cl (] 34,9688 75.53
*ICl 36.9651 24.4
Br  "°Br 78.9183 50.54
$1Br 80.9163 49.46
I 1271 126.9045 100

* Exact value.



1.

Definitions.

Define the following terms as they apply to “Structure and Spectroscopy™:
Note that an example is not a definition but can be used to illustrate a definition.
(maximum 2 sentences each; any more and you lose marks)

a)

b)

d)

anti-Stokes lines:
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2. Short Answer:

a)

b)

d)

Your body emits light with a maximum intensity at around 1070 wavenumbers. In
what region of the electromagnetic spectrum would you look for this light?
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What 3 important interactions determine the conformation of a molecule?
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What physical property is required in order to see a rotational microwave spectrum
of a molecule? Give an example of such a molecule.
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What physical property is required in order to see a rotational Raman spectrum of a
molecule? Give an example of a molecule which shows a Raman, but not a
microwave spectrum.
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Give an example of a molecule which will not show a microwave or Raman
spectrum,
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3.

Consider a molecule of the type BA3. The moment of inertia for such a molecule is given
as:

m,m
I, = mAr2 (1-cos) + —2 B :2(142¢0s8)
m

a) Use this equation toobtain a simple equation for a planar BA; molecule. You will need
this equation for part b} so if you don’t know how to obtain it ask to have it given to you
(you will lose 2 marks t ough) You can also derlve L1 using the method shown in class.
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b) The rotational Raman spectrum of BF; is shown below. The spacing between the R lines
is 0.6900 cm™'. Calculate the B — F bond length, I'sy. Hint: recall last year’s midterm test,
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4.  Consider the molecule CH;CHs.
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a) Sketch what you think the highest and lowest energy conformations of the molecule

should look like.
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b) What are the geometric parameters that completely define the structure of this
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c)

determine the structure of ethane.

Propose a logical set of isotopomers that one must measure in order to completely
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d) What important assumption is made when determining such a structure by

isotopic substitution? (Hint: recall PS#3, question #4),
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a)  What is the Doppler effect?
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b)  Explain how the Doppler Effect broadens the spectral lines in the spectrum of a gas
phase sample of molecules.
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¢)  How could one reduce the Doppler broadening?

() ol AN 66{»\&//(@. down to slaw
Rown the vnole el ar e/ue,slc, awn
NnNayvy w {foQ,A-;C.? tvifoui'ﬁa\/l

t.L) L,e,{,'t'*"" \'je,'h/ gefl’ t'['\emvlﬂwtieﬁ

L . Ere, Sam € elivection
o Move I wn

&0 o ’C’ut.{:' the Adetetor L to this

Aivecbs o i_?ila_?_—;’

Iog-ttr.l.'o v ]

[6 Marks]



