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(1) Multiple Choices. Please choose the one alternative that best answers the question. (40%, 2% of each)

3.

BAEEFTHEZERMEL

Dimethyl hydrazine, (CH3);N-NH,, is a liquid at room temperature. How many atoms in this molecule
have trigonal pyramidal geometry?

(A) (B) 2 (©)3 (D) 4 (E)}S

Which type of solid is the most densely packed?

(A) Simple cubic (B) Face centered cubic (C) Body centered cubic
(D) Amorphous solid (E) None, they all have the same density

Assume that coal 1s essentially all carbon and has a density of 1.5 g¢/mL. (a) How much heat is
produced if a piece of coal 7 cm x 5 cm X 6 cm undergoes complete combustion by the following

reaction:

Cs) + Oz(g) — COz(g) AH = —394 K]

(b) What mass of water could be heated from 25 °C to 100 °C with this amount of heat?
(The specific heat of water 1s 4.184 J/g)

(A) -1.0 x 10* kJ, 3.3x10% g of H,O (B) +1.0 x 10*kJ, 33 g of H,O
(C) +5.0 x 10°kJ, 33 g of H,0 (D) -5.0 x 10° kJ, 3,300 g of H,O

(E) none of the above

When 0.1 mole of methylamine 1s dissolved in 500 mL of water, the following hydrolysis reaction

OCCUIS.

H,0( + CH3NHp(aq) & CH3NH;™ s + OH™ (4,

The hydroxide concentration is found to be 8.6 x 10° M when equilibrium is reached. What is the value

of the equilibrium constant for this reaction?
(A) 4.3 x 10™ (B) 7.4 x 10™ (C) 7.4 x 107
(D) 3.9 x 10™ (E) 7.4 x 107

If the dissolution of Call,is endothermic, will any of the following increase the amount of CaCl; that

will dissolve in water?
(A) Addition of NaCl (B) Addition of Ca(NOs3), (C) Addition of HCI

(D) Increase in temperature  (E) Decrease 1n temperature
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6. Consider an electrochemical cell based on the following cell diagram:
Pt | Pu3+(aq),‘ Pu‘”(aq) | Clz(g), Cl" g | Pt
Given that the standard cell emf'is 0.35 V and that the standard reduction potential of chlorine is 1.36 V,
what is the standard reductiop potential E°(Pu**/Pu’*)? _
(A)2.37V (B)y1.01vVv - (©O-1.71V
(D)-1.01V (E)1.71V

7. Thereaction 2NO¢4) + Oy¢4) = 2NO;(,) exhibits the rate law:
Rate = k[NO]?[0,]
Which of the following mechanisms is consistent with this rate law?

(A) NO+ O, - NO,+ O Slow
O+ NO - NO, Fast

(B) NO+ O, & NO; Fast equilibrium
NO3; + NO - 2NO, Slow

(C) 2NO = N,0, Slow
N,O, + 0, - N,0O, Fast
N,O, — 2NO, Fast

(D) 2NO = N,0, Fast equilibrium
N,O, - NO, + O Slow
O+ NO - NO, Fast

8. Calculate the concentration of chromate ion (CrO4”) in a 0.450 M solution of chromic acid (H,CrOy).

(For chromic acid, K, = 0.18, K33 = 3.2 X 10'7)
(A)3.2x 107 M (B) 1.5x 10°M (C) 0.081 M

(D) 1.1 x 10° M (E) 0.21 M

9. Arrange the acids HOBr, HBrOs;, and HBrO; in order of increasing acid strength.
(A) HOBr < HBrO3 < HBrO» (B) HOBr < HBrO; < HBrO; (C) HBrO,; < HOBr < HBrOs

(D) HBrO3; < HOBr < HBrO;, (E) HBrO; < HBrO,; < HOBr

10. Which of the following sulfur species has the greatest delocalization as judged by the number of

resonance structures?
(A) H3SO4" (B) H,SOq4 (C) HSO4
(D) SO4~ (E) None of the above

11. If 12% of a certain radioisotope decays in 5.2 years, what 1s the half-life of this 1sotope?
(A) 0.59 yr (B) 1.7 yr (C) 22 yr (D) 28 yr (E) 32 yr
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12. Arrange the tollowing in order of vapor pressure at room temperature.

13.

14.

15.

16.

17.

18.

1. CH;OCH; 2.CH;CH,OCH,CH; 3.CH;C(O)CH; 4. CH;CH,OH
(A)2<3<1<4 (B)1<4<3<2 (C)4<3<2<1
D)3 <4<1<?2 (E)4<1<2<3

In which solution will copper nitrate (Cu(NOs3),) be the least soluble?
(A) 0.1 M NaNO; (B) 0.1 M NH; (C) pure water
(D) 0.1 M CuCl, (E) 0.1 M NaOH

The maximum number of electrons that can occupy an energy level described by the principal quantum

number, 7, 1S
(A) n (B)n +1 (C) 2n (D) 2n° (E) n’

10.0 g of gaseous ammonia and 6.50 g of oxygen gas are introduced into a previously evacuated 5.50 L
vessel. It the ammonia and oxygen then react to yield NO gas and water vapor, what is the final density
of the gas mixture inside the vessel at 23°C?

(A) 1.68 g/LL (B) 3.00 g/L (C) 1.32 g/L

(D) 2.20 g/L (E) 16.5 g/LL

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? (K, = 1.8 x 10™)
(A) 4.41 (B) 4.74 (C) 4.56 (D) 4.92 (E) 5.07

Arrange the following in order of increasing boiling point: RbCl, CH;Cl, CH30H, CHa.
(A) CH;0H < CH3Cl < RbCl < CHs  (B) CH;0H < CH4 < CH3Cl < RbCl

(C)RbClI < CH;Cl < CH;0H<CHy (D) CHs < CH;3;0H < CH3Cl < RbCl

(E) CH4 < CH;3Cl1 < CH3;0H < RbCl

A gaseous compound 1s 30.4% nitrogen and 69.6% oxygen by mass. A 5.25-g sample of the gas
occupies a volume of 1.00 L and exerts a pressure of 1.26 atm at —4.0°C. Which of the following is its

molecular formula?
(A) NO (B) NO; (C) N3O (D) N2Oy4 (E) N2Os
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19. Hydrogen peroxide (H,0O,) decomposes according to the equation:

Hz02y = Hz20q) + 1/5 02g)

Calculate the equilibrium constant X, for this reaction at 25°C.

(AH°= —98.2 kJ/mol, AS°= 70.1 J/K-mol).

(A) 1.3 x 10 (B) 20.9 (C) 3.46 x 10"’
(D) 7.5 x 10*° (E) 8.6 x 10*

20. Which of the structures below corresponds to the dipeptide alanylserine?

Note the following structures:

H3C—(!3—£‘.—OH HO—-CH;—-(!:—CI“j—OH
N, NH,
alanine serine
Ho o HO HO HO
(A) H3C—(%—Cifi—O—CHg—(3§-(¥—OH (B) H3C—(%—C”—NH-—CI.—(%!—OH
1lIH3 ll\IHg 1lIH3 (‘szOH
H O H O H O O H
(C) HO—CHg—é—g—NH—é—g?—OH (D) H3C—C‘I—£—O—!CfT—C’1—CHg——OH
NH, GH NH:  NH:

(II) Short Answer Questions (60%)

1. (5%) Shown below are portions of orbital diagrams representing the ground-state electron

configurations of certain elements. Which of them violate the Pauli exclusion principle? Hund’s rule?

Illl IIII
II
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2.

(3%) Fahrenheit developed his temperature scale where he set zero degrees as the freezing point for a
salt-water solution. What is the concentration of this salt solution in molality (assume NaCl in water)?

(Te=1.86°C/m) ([°F] =[°C] x°/c + 32)

(5%) Greenhouse gases absorb (and trap) outgoing infared radiation (heat) from Earth and contribute to
global warming. The molecule of a greenhouse gas either possesses a permanent dipole moment or has a

changing dipole moment during its vibrational motions. Consider three of the vibrational modes of
carbon dioxide
1 )

— — =
O=C==0 O=C=0 O—-""-=(5=O

where the arrows indicate the movement of the atoms. (During a complete cycle of vibration, the atoms
move toward one extreme position and then reverse their direction to the other extreme position.) Which
of the preceding vibrations are responsible for CO; to behave as a green house gas? Which of the

following molecules can act as a greenhouse gas: N», O,, CO, NO,, and N,O?

(3%) A flask contains a mixture of compounds A and B. Both compounds decompose by first-order
kinetics. The half-lives are 50.0 min for A and 18.0 min for B. If the concentrations of A and B are equal

initially, how long will it take for the concentration of A to be four times that of B.

(6%) Write the overall equation of reaction for the following mechanism and i1dentify any reaction

intermediates and any catalysts.
H,0, +17 - H,04 OI"
H202 4+ 0Ol7 - Hzo + 02 + I

(5%) When 2.00 mol of SO,y react completely with 1.00 mol of O,(4) to form 2.00 mol of SOjz(,)
at 25°C and a constant pressure of 1.00 atm, 198 kJ of energy are released as heat. Calculate AH and

AFE for this process.

(3%) Diethyl ether is a volatile, highly flammable organic liquid that 1s used mainly as a solvent. The
vapor pressure of diethyl ether 1s 401 mmHg at 18°C. Calculate its vapor pressure at 32°C.
(AHy,, = 26.0 K] /mol)

(4%) Which of the complex ions C0C164' or CoCl42' will absorb light with the longest wavelength?

Explain. How many unpaired electrons are in each complex 1on?
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9. (4%) Consider the following apparatus. Calculate the partial pressures of helium and neon after the

stopcock 1s open. The temperature remains constant at 16°C.

10. (3%) Lysozyme 1s an enzyme found in tears whose function is to break down bacterial cell walls thus

killing the bacteria and protecting the eye from infection. A solution made which contains 0.100 g of
lysozyme 1n 150 g of water (p = 1.00 g/mL) at 25°C has an osmotic pressure of 8.9 torr. What is the

molar mass of this enzyme?

11. (3%) Calculate the difference in free energy between 1.00 M HCI and 0.100 M HCl1 at 25 °C.

12. (4%) An electrochemical cell 1s made by immersing a piece of Cd metal into a solution of 0.100 M
CdSO, and a Zn electrode into a solution of 1.00 M ZnSO, and placing a salt bridge to allow ion flow

between the two solutions. (a) What voltage will be produced by the cell and (b) what metal is the
anode? (Cd** +2e~ - Cd E°=-0402V, Zn*t+2e~ ->Zn E°=-0.76V)

13. (5%) Given the following standard reduction potentials in acid solution
0, +4H* + 4e~ - 2H,0 E° = +1.23V
Sn*t + 2e” - Sn4* E° = +40.13V
Zn®*t + 2e” - Zny E° = —0.76V

write the formula of the (a) weakest reducing agent and (b) the strongest oxidizing agent.

14. (3%) Calculate the solubility of silver(I) bromide in a 0.200 M NHj solution.

R - _ 13
AgBr(s) = Ag” oy + Br (ag) Ko =15.0x 10

RN _ 3
Ag+(aq) + NHB(GQ) ~— Ag(NHS)-'-(IIQ) K[ =2.1x 10

—3 — 3
Ag(NH3)+(aq) + NH3(aq) o Ag(NH3)2+(CIQ) K] =8.2x 10
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15. (4%) Consider the reaction
Fe3+(aq) + SCN7(g) &= Fe(SCN)“(aq)
How will the equilibrium position shift if
(a) Water 1s added, doubling the volume?
(b) AgN03( 2q) 1s added? (AgSCN 1is insoluble.)
(c) NaOH(,q) 1s added? [Fe(OH)3 is insoluble.]
(d) Fe(NO3), (aq) 1s added?

1. R=0.082 L-atm/mol-K
2. R=28.314 J/mol-K
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