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Hour Examination

Open book. Answer 4 of the 5 questions, at a minimum. The Sth questibn (if you

answer it) will be for extra credit. The exam will end promptly at 12:15 PM.
GOOD LUCK!

‘

1. In the solution of the molecular Schrddinger equation, one makes use of several different concepts
principles, and approximations. Briefly define or explain each of the following:
(a) Born-Oppenheimer approximation.
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(d) Valence bond theory.
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(e) Molecular orbital theory.
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2. An LCAO MO calculation on the ground electronic state of BH yields the following approximate
molecular orbitals (the 1s electrons on the boron atom are considered part of the "core"):

&, = 0.67 (2sg) + 0.33 (2p,p) + 0.67 (1sy)
b, = -0.67 (2s5) + 0.67 2p,s) + ¢ (Isyy)
(a) Compute ¢, the coefficient of the 1s, orbital in ¢,.

R R m.uu.\l\a«,&. P h‘\\w-sh..‘\, (o ?O -)so
Covr) + (04 2 (e = 1ed =pc = Lo.3)
(0.6a)(-06%) + . A(0.6F) &+ (L) 2o.%Y) =0 =5 ¢ = +0.3>

(b) Show that ¢, and ¢, are each normalized if overlap is neglected

b
¢ = Qb.b'\'.;(o r) + (o B))(O 3'5) + (0. ﬂ )(o gq.) =1. 600
A

\¢z \7' = CO .bﬁ-) (-O.b'-’t) \ Qo.b‘\-)(o.bﬂ) & LO»‘;) )(p,y;) = Vo0

(c) Show that ¢, and ¢, are orthogonal if overlap is neglected.
- MY

(%)) = .6 )(-00™) X 0.5 )(o ox) 3 (o) (onn) =

(d) Calculate the total charge density in the 1sy orbital in the ground state of BH.

DWw .. 4 7% VORTY ' . ¢|2 p“z - 5/; uw\r: SMA-.«.. .
St thenge &edDey = 2(04%) + 2(0.33)2 = W2

(e) Classify the ori'ttals ¢, and ¢, as to their symmetry properties (i.e., 0, T, g, u, etc.).
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3. Electron pair bonds ordinarily connect two atoms, but in some cases "three-center" bonds exist, in
which an electron is delocalized over three atoms. A simple example is the molecular ion H;*,
where the two electrons are in the Coulomb field of three protons. Apply the methodology and
approximations of Hiickel molecular orbital theory, using the three hydrogen Is orbitals as a basis
set, to determine whether a linear or an equilateral triangle configuration of H,* is more stable and

by how much.
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4. The rotational constant B of the ground electronic state of NO is B = 1.7046 cm™. What is the
bond length of the molecule in this state? }
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5. In general, a molecule has a number of symmetry elements. The set of elements that leaves at least
one point unchanged is called a point group. Consider an example, CH,Cl,, which belongs to the

group Gy, T ot Uy coardl S PQ‘fﬁS

(a) Draw a picture of the molecule and indicate the four symmetry elements on your sketch.
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(b) Referring to the character table on p. C33 of your text, indicate the meaning of the numbers

appearing in the row labeled A;. @, cf /):-}’ 0:\',; COnaraciens)
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(c) The vibrational wavefunctions of CH,Cl, must each transform as one of the irreducible
representations of the group. Why?
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(d) CH,Cl, has nine normal modes of vibration; 4A,, 1A,, 2B,, and 2B,. Draw a picture of
one of these modes. .
K > % . i
S H W, A‘J '3 = A“ "recking H@ D W
Q . C o >
C . Mok A e s,
VAN VAR v / \ 0 D
- : Bir X A Ba P2t /N
18

W, ch u,‘\ﬁl 'AH ) He, C,AH Cr

lle,_)

YTyt '

Q

(e) Whichuof these modes is active in the IR spectrum of CH,C1,? In the Raman spectrum?
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