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Chemistry 115 (Crim) Name %/

Fall, 2000
Section T.A.

Examination 11

Instructions

I This examination contains 9 pages of questions and instructions, two blank pages, a page
of equations, a page of one-electron wavefunctions, and a periodic table. If a page is
missing, take the examination to a proctor immediately.

2. Print your name now in the spaces at the top of all of the examination pages.

3. There are some potentially useful equations at the back of the exam and some potentially
useful conversion factors and constants on the back of the periodic table.

4. Read each question carefully before beginning your work.

5. Show your work and make your reasoning clear. The goal is to produce an answer that the

reader can follow to understand your reasoning. We must be able to follow your reasoning
to give you partial credit. Make your work legible and be concise. If you continue an
answer elsewhere, mark it clearly.

4. You have two hours to work on the examination.

1. /12
2. /12
3. 17

4. /14
5. 120
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TOTAL /120



Name

1. (I2 Points) Write out the potential, U, that goes into the 3-D Schridinger equation,
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for the Hot molecular ion. Identify the term(s) one holds constant when making the Born-
Oppenheimer approximation. Sketch the energy of the ion as a function of the distance between
the two hydrogen nuclei, and indicate the energy of Hy* in its lJowest electronic, vibrational and
rotational state.
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2. (12 Points) Imagine a universe in which the spin quantum number has three possible values (m;
=0, +1/2, -1/2). Work out the atomic numbers of the first three noble-gas atoms in such a
situation,
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3.

In

Name

(7 Points) Arrange the following seven atoms or ions in order of size from the smallest to the
laroect
- v v v
K, F+, Rb, Co25+, Br, F, Rb-
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5. (20 Pomrs) M1x1ng SbCla and GaCls in a one-to-one molar ratio (using liquid sulfur dioxide as
'Fpmn1r1r'-n1 Fnr-rnl'l]ﬂ GQQhF}( ﬂn I‘}'IP }'\.‘—‘IQ‘IQ (\]C ﬂ‘)IQ

a :auwcuu gives a solid, ionic b\,uut.luuud Of CIpir

information, one cannot be certain whether the compound is
(SbCla*)(GaCly)  or  (GaCly*)(SbCly)

(a) Predict the geometries of the two possible anions GaCly~ and SbCly~.
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(b), Assume that one learns through experiment that the cation in the actual compound is bent.
Using that additional information, explain which of the two formulations is most likely the

correct one.
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6. (20 Points) The following list gives you two choices for the bond length (R, ), dissociation

anaray (N Y and vihratinnal freanenev of the molecule (vY. (The freauency here is exnressed in
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wavenumber units, cm-1.) _— ?_— —
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\ o
Bond Length (R,) T#HTR 1790074 .
Dissociation Energy (D,) 1.60 eV 1.31eV

Vibrational Frequency (v) 917 cm’! 450 cm’*!

(a) Assign one set of quantities to the molecule F; and one to the ion F>~. Explain your

reasoning about each of the quantities. _ z 3
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Name

{b) Sketch the potential curves as a function of the internuclear distance for F; and F5~. Label
the vertical and horizontal axes as completely as you can and place the curves in their
proper relative position. (Hint: The species Fy~ dissociates into F + F-, whose energy is
different than that of the nuetral products F + F formed in the dissociation of Fy. The
electron affinity of F is 3.4 eV.)
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7. (15 Points) The molecular orbital diagram for OH is very similar to that for HF. The 2s orbital
in oxygen is too low in energy to mix with 1s orbital from hydrogen. Rather the bonding
comes from the interaction of the 2p orbitals on oxygen with the 1s orbital on hydrogen.

(a) Sketch the molecular orbital diagram for OH, label the orbitals according to the contribution
they make to the bonding in the system (bonding, antibonding, nonbonding), and denote
the occupation of the levels with arrows representing electrons.
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(b) Estimate the bond order in OH. Predict how the length of the bond in OH* compares to that
in OH?
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8. (20 Points) The free electron molecular orbital theory for spectra of polyenes is a fancy name NG (\:7
fgr a 1 T parucle l'n a box H}Gdﬂl Tn ]'\nfurhpnp (T—T,«F—FH-CH:CHA\ we ¢an use ﬂ'\p nnr]q] i, & -
pattern of the molecular orbitals formed from the unhybrldlzed 2 orbltals to assign them to § !3\
particle-in-a-box states. \j “3?
(a) Sketch the unhybridized p orbitals in butadiene and identify the lowest three molecular \1 %

orbitals they can form. How many of these orbitals are occupied by the 7 electrons? What ¢ ;
are the corresponding particle-in-a-box wavefunctions? =N
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(b) Identify the lowest energy transition one of these electrons can make between parucle—m-aj

box levels. Write the expression for the energy of the transition.

“

//\fl Q-té‘ y '/‘)/,:/:A__QL(:C’M’ f_’,\j
L/(/ b/d — o VA il v

2.5 e Tegns




Name

(c) The lowest energy electronic transition in butadiene occurs at a wavelength of A=2100 A.
Calculate the corresponding length of box needed in this model. Does the result make physical
sense given what you know about the size of atoms and lengths of bonds?
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