BIXBAR 04 2EE Fﬁ&:iﬁ%‘-ﬁk%&t%
#8 ° #38462(6523)

FRBEW: 1044528078 1K

A mRBARABRBAALEQNER

’ 2| R85 7

[TEAHAMR] xEEZHRLANEE - EREBL)ABL G2 FENALAETRE ] |

Potentially useful information (including periodic table, some formulae and constants):
PERIODIC TABLE OF THE ELEMENTS
1A 2A JE 4B 3P 6B 7B 3B 3B 8 VB 2B A J4A 3\ 6A TA A

(Question 1~16: total 32%, 2% for each)

Formulae

" t12 = (In2/k), In2 = 0.693

o v=R(1/nZ—1/nz2), R = 3.29x1015 Hz
* nFE =RTInK

» AE° = E°(cathode) — E°{anode)

- 8 AG®=-nFE°

= AE= AE° - (0.05916/n)logQ

Constants
= R=8.314]/(K:mol)
= 8.206x1072 atm-L/ (K'mol)
» 1atm =760 Torr
=1.01x10° Pa
=0.0821 L atm / (K-mol)
=8.314 L kPa/ (K-mol)
" e=160x10"19C
» ¢=2.99x108m/s
= h=6.63x10734].s
» 7 =1.05x10734]-s
s F=96,500 Coulombs/mole

(BBt 168 HFRAENA2 Y AEEREHUTRLST - MABRFHE )

1. The lowest-frequency line in the Lyman series for H is 2.47 % 10"° Hz. What is the frequency of the

radiation emitted by He* fromn=2ton=1?
A) 494 x 10" Hz
B) 9.88 x 10"’ Hz
C) 2.67x10"°Hz
D) 5.34x10*Hz

2. For dinitrogen monoxide, which of the following statements is not true?

A) The most stable arrangement of atoms is NON.

B) N=N=0 and N=0=N are not resonance structures.

C) In the structure N=0=N, the formal charge on the central O atom is +2.
D) In the structure N=N--O, the formal charge on the central N atom is +1.
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3. For a one-dimensional particle in a box, which of the following statements is not true?
A) The lowest possible energy > 0.
B) For n= 1, the wavelength is equal to the length of the box.
C) As the mass of the particle becomes heavier, the lowest possible energy decreases.
D) The probability of finding the particle in a region is proportional to the square of wavefunction

¥) | - ‘

4. Hydrogen has a strong emission line at 6563 A. What is the energy difference between the energy levels in
hydrogen that are involved in this transition?

A) 0.16eV

B) 1.89eV

C) 3.03eV

D) 4.57eV

E) 152eV

5. Which of the following is not a valid resonance structure for N3™?

(&) ®) (C)
[R=N—1] [N=N—1] [R—n=n:]
D) (E)
H—N—H - all are correct

6. Which of the following is not an assumption of the kinetic molecular theory for a gas?
A) Gases are made up of tiny particles in constant chaotic motion.
B) Gas particles are very small compared to the average distance between the particles.
C) Gas particles collide with the walls of their container in elastic collisions.
D) The average velocity of the gas particles is directly proportional to the absolute
temperature.
E) All of the above are assumptions of the kinetic molecular theory.
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7. Of the following sets of four quantum numbers {n, I, m;, m;}, identify the one that is allowed for an
electron in an atom.

A) {2,2,0,+172}

B) {3! ls "1’ 0}

C) {4,0,1,+1/2}

D) {45 2: '2s "'1/2}

8. Which of the following statements is true?
A) Fluorescence never occurs in gas phase.
B) Mechanical shock to a crystal may cause luminescence.
C) In fluorescence, the wavelength of the emitted light is always longer than the exciting light.
D) In phosphorescence, the excited state is a doublet state that has longer life-time than a singlet state.
E) Because of the short life-time of the excited state, an excited fluorescent molecule never transfers
its energy and excites another fluorescent molecule.

9. A sample of O, gas takes 400 s to effuse through a porous plug at 400 K. It takes 800 s for the same
number of molecules of an unknown gas to effuse at 300 K. What is the molar mass of this unknown gas?
A) 48.0 g/mol
B) 55.5 g/mol
C) 72.0 g/mol
D) 96.0 g/mol

10. Molecular crystals are held in lattice sites by
A) covalent bonds.
B) ionic bonds.
C) intermolecular forces.
D) large molecular orbitals that span many lattice sites.

11. What is the molecular shape of white phosphorus P4, and is this molecule polar or nonpolar?
A) linear, polar.
B) saw tooth, nonpolar
C) tetrahedron, nonpolar
D) square planer, nonpolar
E) trigonal pyramidal, polar
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12. Which of the followmg reaction is referred to the second ionization energy of calcium?
A) Cag — Cag® + e
B) Cauy — Cﬂg
C) Cag— Ca(s) + 2 e
D) Cag— Cag N 42 ¢

13. The small, but important, energy differences between 3s, 3p, and 3d orbitals are due mainly to
A) the number of electrons they can hold
B) their principal quantum number
C) the Heisenberg uncertainty principle
D) the penetration effect
E) Hund's rule

14. Which of the following statements is true?
A) The exact location of an electron can be determined if we know its energy.
B) An electron in a 2s orbital can have the same n, I, and m; quantum numbers as an electron
in a 3s orbital. '
C) Ni has two unpaired electrons in its 3d orbitals.
D) In the buildup of atoms, electrons occupy the 4f orbitals before the 6s orbitals.
E) Only three quantum numbers are needed to uniquely describe an electron.

15. Which of the following species has a trigonal bipyramid structure?
(A) NH; (B) IFs (C) Is™ (D) PCls (E) none of these

16. Consider an atom traveling at 1% of the speed of light. The de Broglie wavelength is found to
be 4.15x10° pm. Which element is this?

AWHe @®BS @OF @OCG ®P

17. (10%) Explain how solar cells and artificial photosynthesis harvest solar energy?

18. (10%) In the titration of 100.0 ml of a 0.050 M HzA solution (Kg= 1.0x 10, Kg2= 5.0x 10°%, Ky5=2.0x
102, calculate the volume of 1.00 M NaOH required to reach pH= 9.50 and 4.00.
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19. (13%) The concentration of CO in the air is 300 ppmv when the atomic pressure and temperature are 628
torr and 0 °C, respectively.
(a) Define ppmv for gases. (3%)
(b)What is the partial pressure of CO? (5%)
(c) What is the concentration of CO in molecules per cubic centimeter? (5%)
(1 atm= 760 torr= 1.013x 10° Pa)

20. (10%, 5% for each) Balance the following two equations occurring in geidic solution.
(a) HzS(g) + NO3-(aq) — S + NO

(®) Claq) + Crzov'z—(aq) - Cr3+(aq) + Clyg)

21. (8%) Consider the two reduction half-reactions:

Cu** gy + 267 — Cugg E* = +0.34V
ZIn* (gq) + 27 — Zng E*=-076V
(a) Calculate the standard electrode potential E°_,;; for zinc acting as the anode (oxidation) and copper
acting ad cathode (reduction).

(b) Calculate the AG*for the reaction, where AG" = —~nFE* s, (F = 96500 Coulombs,

mole

22. (10%) Write the structural formulas for all isomers of C¢H,4 and name all these isomers.

23. (7%} Consider the following mechanism: _
O3¢g) = Ox() + Oty (fast)
Oa(g) + O(g) — 20,y (slow)
(a) Write the overall balanced chemical equation.
(b) Indentify any intermediates within the mechanism.
(c) What is the reaction order with respected to each reactant?
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