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‘1. Considering proper number of significant figures, 23.000x2.46 =

(A) 56.5800 (B) 56.580 (C) 56.58 (D) 56.6 (E) None of the above

2. A pH meter displays pH=9.1863 for an aqueous solution, and the resolution of the pH meter is

' +0.01. What would be the most appropriate number to record the pH of the solution?

(A) 9.2 (B) 9.19 (C) 9.186 (D) 9.1863 (E) None of the above

3. Which compound has the highest melting point?
(A) NOC! (B) B;Hs (C) Ag2SO4 (D) NF; (E) CH;0H

4. What is the chemical formula of sodium hypochlorite?
(A) NaClO (B) NaClO: (C) NaClO; (D) NaClO;, (E) None of the above

5. Hydrogen cyanide is a poisonous gas. The lethal dose is approximately 300 mg per kilogram of air
when inhaled. What is the minimal amount of hydrogen cyanide that gives the lethal dose ina

'~ small room measuring 3.6x4.6x3.0 m? The density of air at 26 °C is 0.00118 glom’.

(A)176 g (B) 17.6 g (C) 1.76 g (D) 0.176 g (E) 00176 g

6. Which of the following solution is the most acidic?
(A) 0.1 MHI (B) 1.0 M HF (C) 0.1 MNH:NO; (D) 1.0 M CH;COOH (E) 1.0 M LiOH

7. A diatomic molecule has the valance electron configuration of (025)2(6'25)2(czp)z(atgp)“(n*zp)“. What
is the bond order of this molecule?
(A)0B)1(C)2(D)3E) 4

8. meta-dichlorobenzene can be chlorinated to form trichlorobenzene. How many trichlorobenzene
isomers-can be formed in this reaction?
(A) 1 (B) 2 (C) 3 (D) 4 (E) None of the above

9. Acetonitrile (CH;CN) is a polar organic solvent that dissolves many salts. The density of a 1.80 M
LiBr solution in acetonitrile is 0.826 g/cm®. What is the mole fraction of LiBr in this solution?
(A) 0.497 (B) 0.994 (C) 0.0497 (D) 0.0994 (E) None of the above

10. What is the number of angular nodes in‘a hydrogen 3d orbital?
(A) 0 (B) 1 (C)2 (D) 3 (E) None of the above

11. A hydrogen 5f orbital has an angular momentum quantum number /=7
(A) 0 (B) 1(C) 2 (D) 3 (E) None of the above

12. How many different F-S-F angles exist in the SF4 molecular structure?
A1 B)2(C)3(D)4(E)S

13. The crystal field stabilization energy (CFSE) for the Ti** ion in an octahedral complex is

(A) —-g—Ao B) —%AO (®) —%Ao D)0 (E)'None of the above
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14. The van der Waals equation of gas state is [P + aVz-) (V —nb) =nRT . What is the coefficient b

related to? _
(A) Strength of intermolecular interactions (B) Density of gas (C) Temperature (D) Excluded
volume of the molecule (E) None of the above

15. What is the number of vibrational modes in the acetone (C3HsO) molecule?
(A) 10 (B) 12 (C) 24 (D) 30 (E) None of the above

16. The order of the elementary reaction CH3;Cl +1 > CH;I + Cl'is ?
(A) 0 (B) 1(C) 2 (D) 3 (E) None of the above

17. Suppose a container is initially filled with 0.41 atm nitrogen, 0.59 atm oxygen, and 0.22 atm

- " pitrogen oxide. Consider the gaseous equilibrium: '
Na(g) + Ox{g) &= 2 NO(g) .

At 25°C, the equilibrium constant is 4.2x10"!. What is the partial pressures of nitrogen afte:
equilibrium is reached at 25°C? (R=0.082 LatmK'mol™).
(A) 0.52 atm (B) 0.70 atm (C) 0.86 atm (D) 3.9x10'¢ atm (E) None of the above

18. An enzyme catalyzes the reaction COx(g) + H2O(}) - HCOj5 (ag) + H'(aq). In a buffer solution,
without the enzyme, the rate constant of the reaction is measured to be 0,039 s at 25°C. In the
presence of the enzyme at the same condition, the reaction proceeds with a rate constant of 1.0x
10° 5. Assuming the collision factor is the same for both situations, which number below is
closest to the value of the activation energy of the catalyzed reaction minus the activation energy
of the uncatalyzed reaction at 25°C? (R=8.3 Jmol'K™)
(A) 21 kJ/mol (B) 42 k¥/mol (C) -7.4 kJ/mol (D} -21 kJ/mol (E) -42 kJ/mol

19. A student prepared a 0.10 M solution of formic acid and found its pH at 25°C to be 2.38. What is
the K, for formic acid at this temperature?
(A) 1.8x10* (B) 1.8x10° (C) 1.8x10° (D) 1.8x10” (E) None of the above

20. A student prepared a 0.50 M aqueous solution of CH;NH;Br and measured its pH. Which number

" should be the closest to the pH value?

(A)1(B)4(C)7(D) 10(E) 14

21. A solution contains 1.0x107 M Ag", and 2.0x102 MPb*". When CI is added, both AgCl (K;=1.8
x107'% and PbCl, (Ksp=1.7x10'5) can precipitate. In the numbers listed below, what is the lowest
concentration of CI” that could begin the precipitation?
(A) 3.0x10? M (B) 3.0x10™ M (C) 3.0x10° M (D) 3.0x10° M (B) 3.0x107° M

22. Consider the following equation (a — f are coefficients): :
a Cr,0+% (aq) + b H'(ag) + ¢ [(ag) > d Cr'*(ag) + e In(s) + T H0()) -
If we set a=1 and balance the equation, what is the value of e+f in the balanced equation?
(A)6(B)7(C)8(D)9(E) 10 o -

23. What is the oxidation number of the metal in I(NHz)sCl;2NO;?
(A) +1 (B) +2 (C) +3 (D) +4 (E) None of the above . .

24. Which complex below is the one with a d-d transition that absorbs photons with the highest
energy? ' :
(A) [CrFl* B) [CHCDel (C) [CHCN) (D) [Cr(NHa)el*™ (B) [CrH0)e]™*

25. The chemical formula of dimethyl ether is? - _
(A) CHOCH (B) CH;COOH (C) CH;CH.0H (D) CH;OCH; (E) CH;COCH;

SIS (325 ) WAL THARBAAESE  MAARLEFHE -

26. Allene is an interesting orgahic compoﬁnd with the Lewis structure shown on the
right. Answer the following questions. ‘

#£3 AXB 2 R

H

(26A) (2%) Indicate the hybridization of each carbon atom in the allene structure. \C=c =C/

(26B) (2%) Is the molecule planar? Draw the 3D structure formula for allene.
(26C) (2%) Does allene has a n-conjugated system? Explain your answer.
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27. Consider a hypothetical reaction with three elementary steps:
ks
A+B==C (slow)

C ::——“ D (slowest)

D = E (fast)

The rate constants: kK;>k.1, ka<k.,. In equilibrium, the reaction almost completely forms compound
D.

(27A) (5%) Sketch a reaction profile (potential energy as a function of reaction progress) that
describes the mechanism. You must be qualitatively accurate on the relative energies.

(27B) (5%) Derive a rate law for the overall reaction in terms of {A] and [B] when excess B is
present in the system. You must clearly state the approximations you made in the derivation.

28. A phase transition A->B has a AH of -38.4 kJ/mol, and the AS is -75.5 JK'mol™! at the standard
condition. Assume those numbers are temperature independent. Answer the following questions:
(28A) (3%) Does the transition lead to a more ordered phase? Explain your answer.

(28B) (3%) Calculate the standard reaction Gibbs free energy for the reaction at 298K. Is the
reaction spontaneous at 298K under standard conditions?

(28C) (3%) Estimate the temperature that this phase transition would occur under standard
conditions.
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