Chemistry 331 = ‘Tutorial #6

‘The boundary conditions for a partlcle ina three-d1mens1onal rectangular box (length A, width B, and
height C) lead to wave functlons of the form

¥(x,y,2) = N sin(n,mx/A) sm(nyny/B) sin(n,nz/C)

Showi that the normalization constant is N= ’ 8 <
: y ABC

2. Suppose that the three-dimensional wave function ‘I’(x,y,z) can be separated into the factors

Wx(x) ‘//y(y) V/z(z)

| Y(x.y,2) =y, (V)y.(z)
with o ’ |
By, 0)=Ey,(x) By(0)=Ey,0) Ay.()=Ey.(2)

a) If y,(x), y,(¥) and y,(2) are normalized, show that ‘I’(X,y,z) is normalized.

b) Give the total Hamiltonian operator and show that the total energyis E; + E,+ E,.

3. For a two- dJmensmnal rigid rotor, all of the energy levels (except the ground level) are doubly
degenerate Why? .

4. Show that the Ygq ’spherical harmonic is normalized and orthogonal to Y,

121
1 . 3 )
Y = = /_ i i
©= s Y, = 8”smﬁe

5. Spherical harmonics are eigenfunctions of the operator
& th( 0 0
| Ko S
2x\ oy ~ ox
In spherical coordinates, show that the expression for this important operator simplifies to
ﬁz __ th KA
27: a¢
Note: x = rsinfcos¢ Yy = rsinfsing z=rcosf

r=2+)y + 2" ¢ = tan™ (y/x) - 6=cos™[z/(x* +y* + )]



10.

Derive the allowed values of L, for the ¥, wavefunctions.

-

Prove that .7:2 commutes with LAX”,L: L but
A A : lh ’\‘VI\‘ . ih A - ‘A ‘I\‘ | ih A
L L L L,L]l=—1L - L,L]=—0L
[ ]275’ ._»[’.’] 2 ,-['_’] 2z 7

Hint: Use Cartesian coordinates.

~ The =0 to¢=1 transition for carbon monoxide occurs at 1.1552 x 10° MHz. Calculate the bond -

length for CO. [h = 6.62618 x 10 I 5, mass C =1.99161 x 1072 kg, mass O =2.65464 x 107 kg]

Spectroscopy can be'used to detect the presence of transient species whose hfetxmes are too shoxt

* to be detected by other methods. The OH radical (bond length 0.097 nm), for example, can be
~ detected in the microwave region of the electromagnetic spectrum. Calculate the absorption

frequency in wavenumbers for the ¢=0tol = 1 transition for OH. Also calculate the corresponding

o frequency for the OD radical.

a) . Show that the ratio N/No of thc number of dlatomlc molecules in rotational level é to the
number in the ground state is .

| %_ _2e+1) exp[—Z(Z +1)9, /T]

0

where @ is an abbreviation for hz/(87t ,urzk) and k is Boltzmann s constant.

b) For OH rad1cals at 300 K, give the frequenc1es in wavenumbers' for the most mtense bands in the

P branch (AL = --1) and the R branch (Al=+1) of the fundarnental absorpt1on band
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