
I. Multiple Choices. Please choose the one alternative that best answers the question. (50%, 2% of each). 

I .  The diameter of the Earth is approximately 12750 krn. If one could dig down straight towards the 

center of the Earth, one would find that the outermost 2890 km (the crust and the mantle) has an 
average density of about 4.5 g/cm3. Farther down is the core. If the average density of the Earth is 

5.5 g'cm3, what is the average density of the Earth's core? 

[A] 11 &m3 [B] 5.6 g/cm3 [C] 6.2 g/cm3 

2.  Which response gives the correct coordination number (C.N.) and oxidation number (O.N.) of the 

transition metal atom in [co(NH.~)~(H~o)~c~~]+? 

[A] C.N. = 2; O.N. = +3 [B] C.N. = 4; O.N. = +1 [C] C.N. = 6; O.N. = +1 

[Dl C.N. = 6; O.N. = +2 [El C.N. = 6; O.N. = +3 

3. Calculate the activity of M ~ ~ +  in a solution containing 0.01 M MgC12 and 0.02 M Na2S04. 
[A] 0.031 M [B] 0.015 M [C] 0.007 M [Dl 0.0035 M [El 0.0018 M 

4. When 38.0 mL of 0.125 M H2SO4 is added to 100 rnL of a solution of Pb12, a precipitate of PbS04 forms. 

The PbS04 is then filtered from the solution, dned, and weighed. If the recovered PbS04 is found tc 

have a mass of 0.0306 g with separation efficiency of 65%, what was the concentration of iodide ions ir 

the original solution? 

[A] 3.10 x M [B] 1.55 x lo4M 

[Dl 3.11 x M [El 1.55 x M 
[C] 6.20 x M 

5. 9.45 g of liquid hexane (C&IL4) is introduced into a 10.0 L vessel containing 13.15 atrn of oxygen gas at 

21°C and ignited, yielding carbon dioxide and water. If the vessel is then cooled to -10 OC, what will be 

the gas pressure inside the vessel? 

[A] 3.09 atm [B] 13.15 atm [C] 1.42 atm [Dl 10.9 atm [El 12.6 atm 

6 .  Calculate the standard enthalpy of formation (in kcallmol) of liquid methanol, CH30H(1), using the 

following information: 

C(graph) + 0 2  + CO2fg) 

H2(g) + (1/2)02 + H20(1) 
CH30H(1) + (3/2)02(g) + COz(g) + 2H20(1) 

[A] -1,691.5 [C] -57.0 [B] -238.7 



7. A ground-state atom of iron has - unpaired electrons and is . 
[A] 0, diamagnetic [B] 6, diamagnetic [C] 4, diamagnetic 

[Dl 6, paramagnetic [El 4, paramagnetic 

8. A buffer solution has been prepared by adding 0.2 M of acetic acid and 0.1 M acetate. The pH of the 

solution has been adjusted to 5.0 by addition of NaOH. How many molL of NaOH is fhther required 

to increase the pH to 5.2? 

[A] 0.016 M [B] 0.032 M [El 0.096 M [C] 0.048 M 

9. The a ide  ion, N3-, is very reactive although it is isoelectronic with the very stable C02 molecule. This 
reactivity is reasonable inasmuch as 

[A] a Lewis structure cannot be written for the azide ion that has nitrogen formal charges of zero. 

[B] there is no valid Lewis structure possible for the azide ion. 

[C] there are resonance structures for azide ion but not for carbon dioxide. 

[Dl nitrogen cannot form multiple bonds. 

[El charged species always decompose in solution. 

110. The enthalpy change due to the reaction of one mole of C2H4 with water to form C2H50H can be1 

estimated by 

[A] BE(C=C) - 2BE(C-C) - BE(C-0) 
[B] BE(C=C) + BE(0-H) - 2BE(C-C) - BE(C-0) 

[C] BE(C-0) + BE(C-C) - BE(0-H) - BE(C=C) 

[Dl BE(0-H) + BE(C=C) - BE(C-H) - BE(C-0) - BE(C-C) 

[El BE(C-H) + BE(C-0) + BE(C-C) - BE(0-H) - BE(C=C) 

11. According to VSEPR theory, which one of the following molecules should have a geometry that is 

tri gonal bip yramidal? 

[A] SF4 [Bl XeF4 

12. What is the central metal ion in vitamin BL2? 

[A] ~ e ~ +  [B] ~ e ~ +  [C] co2+ 

[El PF5 

13. The molar enthalpy of vaporization of hexane (C6H14) is 28.9 Wmol, and its normal boiling point is 

68.73"C. What is the vapor pressure of hexane at 25"C? 

[A] 17 1 torr [B] 4.44 torr [C]117 torr [Dl 3370 torr 



14. What is the osmotic pressure of a solution prepared from 13.7 g of the electrolyte HC1 and enough 

water to make 0.500 L of solution at 1 g°C? 

[A] 0.55 atm [B] 1.10 atm [C] 8.95 atrn [Dl 17.9 atm [El 35.9 atm 

15. The isomerization of methyl isocyanide, CH3NC + CH3CN, follows first-order kinetics. The 

half-lives were found to be 161 min at 19g°C and 12.5 min at 230°C. Calculate the activation energy 

for this reaction (kJ/mol). 

[ A ] 6 . 1 7 ~ 1 0 - ~  lBl31.4 [C] 78.2 [Dl 124 [El 163 

16. When comparing acid strength of binary acids HX, as X varies within a particular group of the periodic 

table, which one of the following factors dominates in affecting the acid strength? 

[A] bond strength 

[B] withdrawing effects 

[C] solubility 

[Dl percent ionic character of the H-X bond 

[El Le Chhtelier's principle. 

17. You have 500.0 mL of a buffer solution containing 0.20 M acetic acid (CH3COOH) and 0.30 M sodium 

acetate (CH3COONa). What will the pH of this solution be after the addition of 20.0 mL of 1.00 M 

NaOH solution? [L = 1.8 x 1 om5] 

[A] 4.41 [B] 4.74 [C] 4.56 [Dl 4.92 [El 5.07 

18. Which response has both answers correct? Will a precipitate form when 250 mL of 0.33 M Na2Cr04 

are added to 250 mL of 0.12 M AgN03? What is the concentration of the silver ion remaining in 

solution? (LP(Ag2CrO4) = 1.1 x 1 om'') 

[A] Yes, [ ~ g ' ]  = 2.9 x 1 o - ~  M. [B] Yes, [ ~ g ' ]  = 0.060 M. [C] Yes, [~g ' ]  = 1.3 x M. 
[Dl No, [ ~ g ' ]  = 0.060 M [El No, [A~'] = 0.105 M. 

19. An unusual atmospheric reaction leading to ozone destruction is 

CF30 + 0 3  + CF302 f 0 2  

the analysis of which has yielded an Arrhenius frequency factor (A) and activation energy of 2.0 x 10-l2 

cm3 molecule-' s-' and 11.6 kJImol, respectively. Calculate the rate constant for thls reaction at an 

altitude of 35 km, where the temperature is -34°C. 

[A] 2.0 x 10-l2 M - I  s-' [B] 1.2 x lo9 M-' s-' [C] 3.5 x 1 o6 M-' s-' 

[Dl 7.9 x lo-15 M-' s-' [El 6.8 x lo8 M-' s-' 



20. The zinc-air battery shows much promise for electric cars because it is light-weight and rechargeable. 

The net transformation is Zn(s) + 112 02(g) + ZnO(s). What is the energy under ambient operating 

conditions if the Gibb's free energy of ZnO(s) is -3 18.2 kJImol? 

[A] 3.30 V [B] 3.26 V [C] 1.65 V [Dl 1.63 V [El 1.1 V 

21. According to valence bond theory, what would be the set of hybrid orbitals used when a Period 4 

transition metal forms a square planar complex? 

[A1 d2sp [Bl d2p2 [CI dsp3 

22. Which of the following statements relating to molecular orbital (MO) theory is incorrect? 

[A] Combination of two atomic orbitals produces one bonding and one antibonding MO. 

[B] A bonding MO is lower in energy than the two atomic orbitals from whlch it is formed. 

[C] Combination of two 2p orbitals may result in either a or nMOs. 

[Dl A species with a bond order of zero will not be stable 

[El In a stable molecule having an even number of electrons, all electrons must be paired. 

23. Raoult's Law relates the vapor pressure of the solvent above the solution to its mole fraction in the 

solution. Which of the following is an accurate statement? 

[A] Raoult's Law applies exactly to all solutions. 

[B] Raoult's Law works best when applied to concentrated solutions. 

[C] Raoult's Law works best when applied to dilute solutions. 

[Dl Raoult's Law applies only to non-ideal solutions. 

[El None of these statements is accurate. 

24. Although the periodic table is organized according to the atomic numbers of the elements, chemists are 

more interested in the arrangement of the electrons for their studies. Which of the following 

statements about the electron configurations and their quantum numbers is correct? 

[A] The size of an atom is associated with the angular momentum quantum number. 

[B] The valence electrons of atoms in a particular group have the same principal and angular 

momentum quantum numbers. 

[C] The valence electrons of atoms in a particular group have the same angular momentum quantum 

number but have different principal quantum numbers. 

[Dl Quantum numbers for the electrons tell us little about the relative energies of the electrons. 

[El None of these statements is correct. 



25. It is found that 1 g of bacteria can decompose protein at a maximum rate of 20 g/day. At the same 

time, the bacteria would decompose protein at a rate of 10 glday when the protein concentration is 15 

mg/L. What would be the rate of protein decomposition by 2 g bacteria if the protein concentration 
is 5 mg/L. 

[A] 6.7 glday [Bl 10 !Z/da~ [C] 13.4 gtday [Dl 15 g/day 

11. A sample of solid naphthalene is introduced into an evacuated flask. Use the data below to calculate 

the equilibrium vapor pressure of naphthalene (CloH8) in the flask at 35°C. (7 %) 

Compounds AHof (25°C) AGOf (25 "C) 

C I oHs(s) 78.5 kJ/mol 201.6 kJ/mol 

PII. Gold (Au) crystallizes in a cubic close-packed structure (the face-centered cubic unit cell) and has a 

density of 19.3 g/cm3. Please calculate the atomic radius of gold in picometers. (7 %) 

IV. A solution contains ~ g + ,  cu2+, zn2+ and ca2+. Please develop a qualitative analysis scheme to separate 

these ions from solution. (8 %) 

V. A coordination compound contains the following physicochemical properties: 

(1) The particle empirical formula is KM(Cr04)C12(NH3)4, where M is an unknown element. 

(2) It has A (red) and B (blue) crystal forms. 

(3)When 1.0 mole of A or B reacts with 1.0 mole AgN03, 0.5 mole of a red precipitate fom 

immediately. 

(4) After the reaction in (3), 1.0 mole of A reacts very slowly with 1.0 mole of silver oxalate (Ag2C20 

to form 2.0 mole of white precipitate. 

(5) After the reaction in (3), 1.0 mole of B does not react further with 1.0 mole of AgN03. 

From the information shown above, please determine the following: 

(a) The coordination number of M. (3%) 

(b) The type of chemical bonding of group(s) bonded to M. (4%) 

(c) The stereochemistry of the red and blue forms. (3%) 



VI. The quantum-mechanical treatment of the hydrogen atom gives the energy, E, of the electron as a 

function of the principal quantum number, n: 

I Where h is Planck7s constant, mo is the electron mass, and is 52.92 x lo-" rn. Please write the1 

expression of equation (1) in the form E = - (constant)l.  Evaluate the constant (in J), and 
n2 

compare the expression with the corresponding expression fiom Bohr's theory. (6%) 

VII. The atmospheric concentration of carbon dioxide is 345 ppm under STP condition. Please convert 

this value to mg/m3 at O°C and 0.85 atm. (6 %) 

VIII. Draw the partial (valence-level) orbital diagram and write the electron configuration of the atom and 

monoatomic ion of the element with the following ionization energies (in KJImol). (6 %) 

Note: The atomic masses of elements are as follows: 

H = 1.0 C = 12.0 0 = 16.0 F = 19.0 Na = 23.0 

S = 32.1 Cl = 35.5 Cr = 52.0 Ag = 107.9 Zn = 65.4 


