Chemistry 562 " Spring 2012
Problem Set 9
Due Wednesday, March 28

(Make your reasoning clear. We need to understand your reasoning, not just see the final result.)

Note: Keep a copy for of your homework because the graded homework will not be returned
before your exam.

1. Self-test 10.9. Be sure to read Example 10.3

Expand the 3 X 3 determinant by hand and find the energies (Use the 3 x 3 analogue of Eqn. 10.42.
There is also a good discussion at the bottom of page 396.). Use the energies in the secular equation
along with normalization to determine the coefficients for each energy. (Use Eqn 10.44 as a guide,
but with Sxa=Spp=1 and Sop=Sps=0. In matrix notation, (H-E;)e;=0. This is Eqn 10.47 with S equal
to the identity matrix.)

2. The table below gives some spectroscopic constants (in cm™) for the OH radical in its two lowest
electronic states

X°I1 A"
(R, 0 32682
1% 3735.2 3180.6
x,V 82.81 94.93
B 18.87 17.36

(a) Calculate the force constant and the equilibrium bond distance for both electronic states. Which
is larger in each case?

(b) Predict the wavenumber of the vibrational overtone transition (v=2 <— v=0) in the ground
electronic state (X’II).

(c) Predict the wavenumber of the electronic transition A*X*(v=5, J=5) « X’II (v=1, J=5).

(d) Plot the ground and exited electronic states and draw or plot the ground vibrational level on
X’I1 and the lowest five vibrational levels on A’L". For plotting the electronic states, you should use
the Morse potential equation, and determine a and D, from:

a’h vV
xe = =
2uew 4D,

Be sure to use the correct equilibrium bond distances and to offset the excited electronic excited state
by V(R.).

(e) Will v;=0, 2, or 4 give the largest transition probability from X?IT (v=0, J=0) to A’Z" (v,, J=0)?
Why? (Hint: Consider Franck-Condon Factors)
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(f) Draw the MO energy level diagram of OH radical. (The ionization energy of oxygen atom is the
same as the H atom, 13.6 eV). What type of transition is A’Z" « X*I1 (7* « 7 )?

(g) Sketch the absorption spectrum for A*X*(v,, J=0) « XTI (v=0, J=0) for the range v,=0 to v,=4.
(These are the Q-branches.)

(a) The drawing below gives the molecular orbital diagram of formaldehyde along with drawings of
the orbitals. (The symmetry designations are the same as in water since both are C,, molecules.)
There is one high energy orbital that is non-bonding. Label it and its energy level with an n. There is
an antibonding orbital that is n* in its local symmetry. Label it. (There is another non-bonding
orbital. We will call it 3a; even though the situation is actually more complicated because of the

strong mixing of the atomic orbitals to make the three lowest g, orbitals. Each of them is partially
bonding and nonbonding.)

!
(o
Place electrons on the level diagram and work out the bond order for H,CO. Is your result cénsistent
with the Lewis dot structure? ——
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(b) What will happen to the length of the C=0 bond upon excitation of the n*<«-n transition? The
origin transition, 0<—0, between the lowest vibrational levels in the ground and electronically excited
state has a wavenumber of 28,200 cm™. Explain how the intensity of this transition compares to the
intensity of other transitions.

Draw one-dimensional potential energy curves to illustrate your argument. Indicate the energy of the
origin transition on your diagram.
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Some constants:

23
Ny = 6.022-10

10

Ang:= 10 m

2.9998.10%. 2
S

34

o
i

= 6.626:10 ~ -J-s

_ 10 3-kg o In general, Mathcad
amu= N, W= doesn't like wavenumbers
9 the way we think about
nm:= 10 ‘m them
~34
myy = 1.007825-amy hyap = 1.0545-10 -J-s
—,
mey = 1599491 amy N }&olvﬁé’ﬁ

These values are given in the problem. | like working in meters and wavenumbers

10
m

Rex = -9707-10

:’/X = 3735.2-wn

_ 82.81wn
XeX = ~
VX
BX:: 18.87

10

Rep = 10122107 'm

~
VA= 3180.6-wn

94.93wn . .
XeA = ————  X.€ls unitless
VA
By= 1736 (nob wsed i wuncks Lot )

We now calculate some of the following parameters that will be useful for plotting

N
ky 1= 779.36 —
X m

A%
X
Dy =
eX"
4'XeX

Doy = 4212 % 10" wn

mH-mO
=
ITIH + ITIO
(DX = 27[.(:./;}’)(
oot 2.677 x 103 nm
ox

|

h.

xeX~4-n-c-GX-p

! 565.1 N
K A 1= d—
A m //
~ yd
VA /  inwavenumbers
I)CA o=
4'XeA

DeA = 2.664 x 104 wn

hpapr@ = h-cV mass in Kg
WA= 27t-C~’\\/JA in Hz/2pi
c2'm

~3.144% 10> nm Resonable values (IR)!
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N ““bar ) N “*bar J

1 1
ay = 2.159—— ap =2311—
X Ang A Ang

_ 2
X(r) = DeX'[l _ ew aX.(I RCX)J

X(ReX) =0wn A good idea to check your function

2
- aA'(r_ReA) .
+ 32682wn Add an offset relative to g.s. curve

A(r) = DeA'[l -e
A(R¢p) = 3.268 10%wn

Energy levels of Morse oscillator:
2
G = +—1~v - +l XoyrV
x(V)i=|v S VXTIV TS ) TeX VX Given in your text

2
1 1 . .
GpV) = (v + —Z-)VA - (v 4- 5) Xe AV A+ 32682wn Again, don't forget the offset

Gy(0) = 1.847 x 103 wn

. . Setting up some range
i1:=0,1..4 W= rxg = 75Ang, . 76Ang.. 1.5Ang

variables for the plot

Let's plot the harmonic wf's and shift them by eye, this will be at least as good as drawing guess
wf's on the curves:

25

2 25
By h 2
ax = _{ hbar
Hoky OA=
poka
r
1) = — r
)'X( ) ch yA(") e p—
oA
I 5 1 5
NX(VX) = NA(Va) =
0.5 Vx 0.5 Va
a2 vt apT 2 !
2 2
—yx(n) —yalD)

2

lPX(vx,r) = NX(VX)~Her(VX,yX(r))-e v A(va,r) =N A(va)-Her(va,y A(r))-e

=15 ]01 I will use this to scale the wf's on the plotk' below.
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Same plot, showing you the arguments
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One can see that a vertical transition from ReX will be at nodes for v=2 and v=4 in the excited
state, whereas there is reasonable amplitude of the wavefunction for v=0. Thus, we would expect

that the v=0 would be the strongest acceptor state, considering only the Franck-Condon factor.
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g) We need five lines that are the energy difference between the levels asked

Abs(vz,vl) = GA(Vz) - GX(VI)
j=0,1..4

Abs(j,0) =
3.24-104 wn

3.539-104

3.819-104 //’
4.08-104 ' b

4323104
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