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I. The number log(456.1) should be reported as
(A) 2.65906 (B)2.6591 (C)2.659 (D) 2. 66 (Ey2.7

2. lonic solids are often strong electrolytes that dissolve in water. Which statement in the following is
correct about this process?

(A) Water is amphiprotic and therefore is good at diésolving ionic solids.
(B) Water is good at solvating ions because the H and O atoms in water molecules bear partial charges.

(C) lonic solids dissolve because the interactions between cations and anions are weaker than the
interactions between ions and water molecules.

(D) The diclectric constant of water is large. so the Coulombic interactions between the ions are
reduced. e o

(E) The hydrogen and -OXygen bonds of water are easily broken by ionic solids.

3. Consider the 1-D particle in a box model. which statement below is true?

(A} The zero-point energy of a hydrogen atom in a box is higher than that of an electron in the same
box.

(B) n=10 state of a He atom in a 5 nm box is higher in energy than n=4 state of a H atom in a 3 nm box.
(C) As temperature decreases. the probability of finding the particle in the center of the box decreases.
(D) The total energy equais the kinetic energy plus the zero-point energy.

(E) The n=0 state is the ground state.

4, The formula of 4—ethyl-2,4-dimethylflexane is
(A) CoHiz (B) CoHao (C) CioHzo (D) CroHaz (E) CitH22

5. The two molecules on the right are ¢t c Crocl

(A) diastereomers (B) cis-trans isomers (C) enantiomers
(D) rotamers (E) unrelated

6. Which ion is with charge -2 and ground-state electron configuration [Ne]3s23p°?
(A) S* (B) Se* (C) P> (D) As? (E) Si*

7. What is the degeneracy of the #=3 energy level of the hydrogen atom?
(A}3 (BY6 (C)9 (D) 12 (E) 18

8. What is the number of vibrational modes in the H;CO molecule?
(AY3 (B)6 (C)9 (D) 12 {(E} I5

9. The O-H stretching frequency of a compound is 3400 cm™'. What would be the frequency of the same
mode when the hydrogen is changed to deuterium?

(A) 1520 cm™' (B) 1700 cm! (C) 1960 cm (D) 2400 cm™! (E) 3400 cm-'

10. Which element has the largest ionization potential?
(A)Si (B)P (C)S (D) As (E) Se

1. Which atom has the smallest atomic radius?
(A)Si (BYP (C)S (D) As (E) Se

i2. The compound XCls contains 71.0% C| by mass. What is the element X?
(A)C (B)Ti (CYW (D) Ni (E)Pd
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13. Given a sample of ideal gas at -23 °C. In order to increase the average speed of the gas molccules bya
factor of 2, to what temperature should the gas be heated?

(A) 1000 K (B) 750 K (C) 500 K (D) 354 K (E) 250 K

14. Which one is an ionic compound?
(A) CO (B)Ni(CO) (C)NH; (D) CaO (E) XeC!4

5. Nitrous acid is
(AYNO (B)YNOz2 (C) HNOz (D) HNO3 (E) HNO4

16, The shape of SFa can be characterized as
(A) Trigonal pyramidal (B) Tetrahedral (C) linear (D) Square planar (E) Seesaw

| 7. Which one of the following bonds is the most polar?
(AYN-C (B)N-N (C)N-O (D) N-Cl {E) N-H

18. [f 6.00 mol argon in a 73.8 L vessel initially at 300 K is compressed adiabatically and irreversibly to
reach a temperature of 450 K. what is the work done on the gas.
(A)-22.4k}l (B)-11.2k} (C)0 (D) 11.2kJ (E)22.4 k)

19. Given that AHgy 5100 for ice is 6.01 k)/mol, what is AS when 36 g of ice melts at 273 K and | atm?
(A)44 J/KK (B)22 /K (C)0 (D)-22 /K (E)-44 J/K

20. Which compound would you expect to have the highest standard molar entropy at | atm and 300K?
(A) Hz(g) (B) He(g) (C) N204(g) (D) CHalg) (E) CizH24())

21. Which one of the following statements is incorrect?
(A) The higher the temperature, the broader the distribution of molecular speeds in a gas (B) In a
spontaneous process, the energy of the system is conserved (C) In a spontaneous process. the free
energy of the system decreases (D) Work is not a state function (E) Entropy is extensive

22. A cell has a standard cell potential of +0.111 V at 300 K. If the equilibrium constant for the redox
reaction is K=5.4x%10°, then what is the number of electrons transferred in the reaction?
(Ayr=1 (B)n=2 (C)r=3 (D)n=4

23. When 50.0 mL of 0.1 M NaOH is mixed with a 50.0 mL 0.200 M weak acid solution at 25°C. the pH is
4.00. What is the K, of the weak acid? .
(A) 102 (B) 5x10 (C) 102 (D) 5%10* (E) 10*

24. Which one in the following is not affected by a catalyst?
(A) Rate of the reaction (B) Free energy of the transition state (C} The ratio of total forward and reverse
rates (D) Entropy of the reaction (E) Reaction mechanism

25. 50.0 mL of a 0.05 M solution of Pb(NO3)z is mixed with 50.0 mL of a 0.20 M solution of NalQs at
25°C. What is [Pb?*] in the solution (choose closest number)? At 25°C, Ksp for Pb(103)2 is 2.5%10°13,
(A) 131070 (B) 510! (C)2.5%x10!" (D) 51012 (E) 2.5x10°12

26. (8%) Benzene is an aromatic compound.
(26a) The aromaticity of benzene arises because of what special properties of its m-electrons?
(26b) Benzene molecule is planar and does not undergo addition reaction. Explain the observations.

27. The mechanism of a chemical reaction is shown on the right. A+B o2 C+D {fast equilibrium)
(27a) (2%) What is the total reaction? k:
(27b) (5%) Give the rate law that corresponds to the mechanism. C+E —5F (slow)

28. Phthalic acid (H2Ph) is a doprotic acid with pK:=2.90 and pKa=5.52.
(28A) (6%} If 25.0 mL of a 0.2 M H2Ph solution is titrated against 0.1 M NaOH solution, what ar¢ the
pH value at the first and second equivalence points. respectively?
(28B) (4%) Describe how one can make 100 mL buffer solution with pH=3 by using 0.2 M H2Ph
solution and 0.1 M NaOH solution. Give the volume required for each solution.
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