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Chem1410 (Spring 2006) Second Exam

You may use your text book and class notes. Other material is not allowed. Good luck!!

1. (20pts) (a) The zero point energy of the 2D rigid rotor is h%/pry>. T @
(b) iz commutes with H for the He*(Helium ion). T) F
(c) All rotational energy levels of the 3D rigid rotor are degenerate. T F

(d) All vibrations of Nas in an equilateral triangular geometry are infrared
inactive. T F

(e) w=re"* singsin@ is an eigenfunction of l; for a one-electron atom. T (F

2. (16 pts) Consider the following IR spectrum of a diatomic molecule. What are the values of
the vibrational frequency and rotational constant in cm™?
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3. (20 pts) The Hamiltonian for an H atom in an electric field in the z direction is H = I;Io+ eE2,
where € is the electric field, and Flois the Hamiltonian in the absence of the field.

(‘1) a) Does I:Z commute with this Hamiltonian? (State why or why not.) /)
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( vl) b) Does I* commute with this Hamiltonian? (State why or why not,)

No | Hhe Hamlbmien Ae% not Juve_ ﬂﬁ,ﬁ/ u;fﬂ/( 07mﬂ(’5



GA c) Does $?commute with this Hamiltonian? (State vghy or\ why not.)
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Consider the trial function ® = X/ o8 T where yis and yap, denote orbitals of
the H atom in the absence of the field.

Q"O d) Write the energy of this trial function as a function of ¢; and ¢, using
Hy =<, |H| ¥\, >, H, =<¥,|H| ¥,, >=<¥, [H| ¥, >, H, =<, |H| ¥,,, >
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4. (12 pts) Consider the following electronic configuration: 1s* 25°2p°3s*3p®3d°4p. What

electronic states are possible (e.g., S, P, D, F, G, etc)? Be sure to specify the
multiplicities.
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5. (10 pts) Write the wavefunction of the 1s2p singlet state of He including the spin part of the
function.
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6. (10 pts) The rotational constant of HF is 21.0 cm’'. What is the rotational constant of DF in
cm™? (D is deuterium.) |
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The vibrational frequency of HF is 4138 cm’. What is the vibrational frequency of
DF incm™? )
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7. (12 pts) The expression for the energy levels of an H atom also apply to positronium (¢, e,
where e denotes an electron and e* a positron, provided the correct reduced mass is
used. Note that the positron has the same mass but opposite charge from the electron.

a) What is the energy of the ground state of positronium?
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b) What is the energy of the first dipole allowed excited state?
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