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h=6.626x1034)s  e=1.602x10"19C me = 9.109x10-31 kg
c=2998x108 ms!  4mgy=1.113x10-10J-1 C2mt  1cal=4.184]
L=46.022x102 mol-! kg =1.381x10-23 JK-1 amu = 1.66054x10-27 kg

1 eV =23.06 kcal/mol
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1. A 100-W sodium-vapor lamp emits yellow light of wavelength 590 nm. The number of

photons emitted per second is:
(A) 1.2 x 10° (B) 3.0 x 1029 (C) 7.2 x 1010 (D) 5.1 x 10%*  (E) 9.5 x 107

2. What is the de Broglie wavelength of a beam of free electrons with 100 eV kinetic energy.
(A)1.6% 1022 m (B) 2.3 x 1071 m (€) 9.0 x 107 m (D) 7.7 x 107 m () 5.5 x 107 ¥ m

Which of the following molecule is not paramagnetic in its electronic ground-state?
(A)B, (B)O, (C)OH (D)NO (E)C,.

LS

4. The vibrational frequency of Hy molecule is 4400 cm~!. The force constant of the H-H

chemical bond is:
(A) 310 N/m (B) 125 N/m (C) 570 N/m (D) 1664 N/m (E) 86 N/m

5. Following the above question, what is the vibrational zero-point energy of the I, molecule?
(A) 0.8 keal/mol (B) 1.6 keal/mol (C) 3.2 keal/mol (D) 6.3 keal/mol (E) 12.6 kcal/mol

6. Following the above question, what is the vibrational frequency of D5 molecule?
(A)2200 em~!  (B) 3100 cm~! (C) 4400 cm~1 (D) 1100 em~! (E) 550 em™!

7. Which of the following gas-phase molecule can't readily be identified by an IR spectrometer?
(A)HF (B)NH; (C)CO (D)HCN (E)F,

8. What is the ground-state term symbol for the chlorine atom?
(A)2Psn (B)?P3n (O)%P1n (D)'Sy (B)°Pg

9. Which of the following is an eigenfunction of particle in a 1-D box of length L (0 <x<L)?
(A) Lrx? (B) e~¥L (C) sin (2mx/L) (D) e~W/LY (E) cos (nx/L)
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10. Which of the following property is nof a requirement for a wavetunction of electrons?
(A) periodic (B) continuous (C) single-valued (D) finite at Jarge distance (E) antisymmetric

11. Which of the following is a correct approximation to the electronic wavefunction for the
excited helium atom 1512517
(A) [1s(1)2s(2)] [ DHPB(2) — a2)B(1)]
(B) {1s(1)2s(2) — 1s(2)2s(1)] au(1)e(2)
(C) [1s(1)2s(2) + 1s(2)2s(1)] a(1)B(2)
(D) [1s(1)2s(2) — 15(2)2s(1)] [o(1)B(2) — (2)B(1)]
(E) [1s(1)2s(2)] [e(1)B(2) — a2)B(1)]

12. Which of the following molecule does not have a pure rotational spectrum?
(A) CH;0H (BYHI (C)NH; (D)CH4 (E)HCN

13. Neglect the spin-orbital coupling, what is the degrees of degeneracy for the ground-state

carbon atom (°P) ?
(A)9 (BY6 (O4 M3 (EB)2

14. Which of the following persons first proposed correct theories of photoeleciric effects and
material waves, respectively? (They both won the Nobel Prize for their work.)
(A) Hertz, Bohr (B) Born, Dirac (C) Einstein, Heisenberg (D) Einstein, de Broglie
(E) Millikan, de Broglie

15. Sirius, one of the hottest known star, has a blackbody spectrum with Apay = 260 nm. From
the Wein's displacement law Ay 7' h¢/5k, the surface temperature of Sirtus 1s:
(A) 32000 K (B) 24000 K (C) 18000 K (D) 15000 K (E) 11000 K

16. The lowest-energy Balmer line in hydrogen atomic spectrum is due to which electron
transition?
(A)2s — 1s (B) 3s > 25 (C) 3p » 25 (D) 3d — 2s(E)3p—>1s

17. How many nodes are there in the 4p radial function of a hydrogen-like atom?
(A)4(B)3(C)2(D) 1 (E)0

18. What is the delocalization energy of 1,3-butadiene predicted by the Hiickel theory?
(A) 1.48 B (B) 0.48 B (C) 0 (D) 2 B (E) 0.618 B

19. The energy difference between the 3Py and 3P, terms of the oxygen atom in the ground-state

electron configuration is mostly like to be:
(A)2.2eV (B)0.03eV(C)0.5eV(D)13.6eV (E)22.5eV
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20. The ground-state term symbol for the electron configuration 3d° is:
(A) 68 (B) 4G (C) 2F (D) 2P (E) 'S

21. The total electronic energy (relative to free electrons and nucleus) of the He atom is —79.0 eV.
What is the first ionization energy of the He atom?
(A)13.6eV (B)54.4eV(C)27.2eV (D)3.4eV (E)24.6eV

22. Which of the following statement is incorrect
(A) quantum mechanical operators are Hermitian
(B) the wavefunction must be real and continuous
(C) all eigenfunctions of a Hermitian operator form a complete set
(D) the eigenfunctions of a Hermitian operator with different eigenvalues are orthogonal
(E) the wavefunctions of an atom can also be the eigenfunctions of the square of total spin
angular momentum operator

23. The sphereical harmonic Y3 _; is an eigenfunction of the angular momentum square operator

(L2) with the eigenvalue of
(A)3 A2 (B) 12 2 (C) 4 42 (D) 6 2 (E) 9 12

24. What is the ground-state molecular term symbol of the O, molecule?
(A) 'Zg (B) 'Zu (C) 3TT (D) 3Zg (E) 'Ag

25. The separation between the two lowest rotational levels of 12C328 is 3.246 x 1023 J. What

is the C=S bond distance?
(A)1.71A(B)2.10A(C) 1.38 A (D) 2.51 A (E) 1.54 A



