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¢ =3.00x10% m-s"! e=1.60x10"7C F=9.65x10* C'mol"
h=6.626x10"%J's R =8.314 J-mol-K = 8.206x10? atm-L-mol™-K!

Given reaction 2 NH3(g) + 3 Cla(g) — Na(g) + 6 HCI(g) , you react 5.0 L of NH3 with 5.0 L of Clz
measured at the same conditions in a closed container. Calculate the ratio of pressures in the
container (Pinat/ Pinitial).

(A)0.75 (B) 1.00 (Cy1.33 (D) 1.50 (E) none of these

A sample of O3 gas is contaminated with a gas A of unknown molar mass. The partial pressure of
each gas is known to be 200. torr at 25°C. The gases are allowed to effuse through a pinhole, and it
is found that gas A escapes at 5 times the rate of Os. The molar mass of gas A is:

(A) 1.92 g/mol (B) 240 g/mol (C) 9.60 g/mol (D) 1200 g/mol (E) none of these

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.

Which statement is true of a process in which one mole of a gas is expanded from state A to state B?
(A) When the gas expands from state A to state B, the surroundings are doing work on the system.
(B) The amount of work done in the process must be the same, regardless of the path.

(C) It is not possible to have more than one path for a change of state.

(D) The final volume of the gas will depend on the path taken.

(E) The amount of heat released in the process will depend on the path taken.

For the reaction I0(f) — H20(g) at 298 K and 1.0 atm, A/ is more positive than AE by 2.5
kJ/mol. This quantity of energy can be considered to be

(A) the heat flow required to maintain a constant temperature

(B) the work done in pushing back the atmosphere

(C) the difference in the H-O bond energy in H20(/) compared to H20(g)

(D) the value of AH itself

(E) none of these
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6. A chunk ofiron at 85.7°C was added to 200.0 g of water at 15.5°C. The specific heat of iron is
0.449 J/g°C, and the specific heat of water is 4.18 J/g°C. When the temperature stabilized, the
temperature of the mixture was 18.5°C. Assuming no heat was lost to the surroundings, what was

the mass of iron added?
(A)513 g (B)652¢g (C)79.6¢ (D)83.1¢g (E) none of these

7. All of the following statements about the greenhouse effect are true except:
(A) It occurs only on earth.
(B) The molecules H2O and CO; play an important role in retaining the atmosphere's heat.
(C) Low humidity allows efficient radiation of heat back into space.
(D) The carbon dioxide content of the atmosphere is quite stable.
(E) statements (A) and (D)

8.  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?
(A) He (B)S OF M) Cu (E)P

9.  Which of the following statements is (are) true?

I.  Anexcited atom can return to its ground state by absorbing electromagnetic radiation.

II.  The energy of an atom is increased when electromagnetic radiation is emitted from it.

ITII. The energy of electromagnetic radiation increases as its frequency increases.

IV. An electron in the n = 4 state in the hydrogen atom can go to the n = 2 state by emitting
electromagnetic radiation at the appropriate frequency.

V. The frequency and wavelength of electromagnetic radiation are inversely proportional fo each
other.

(A)IL I IV (ByIlL, V (O)L 1L, 111 (D) I, IV, V BLILIV

10. The small, but important, energy differences between 3s, 3p, and 34 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
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13,

11.

12.

14.

15.

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 », /, 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 65 orbitals.

(E) Only three quantum numbers are needed to uniquely describe an electron.

Sodium losing an electron is an process and fluorine losing an electron is an

process.
(A) endothermic, exothermic (B) exothermic, endothermic
(C) endothermic, endothermic (D) exothermic, exothermic

(E) more information needed

Which of the following arrangements is in order of increasing size?

(A) Ga** < Ca** <K'< Cl' < §* (B) S* < CI" <K' < Ca? < Ga*
(C) Ga** < 8 < Ca?* < ClI" <K' (D) Ga®* < Ca?* < §* < CI"<K*
(E) Ga®* < Ca** < 8> <K' <CI’

Calculate the lattice energy for LiCI(s) given the following:

sublimation energy for Li(s) +166 kJ/mol
AH: for Cl(g) +119 kJ/mol
first ionization energy of Li(g) +520. kJ/mol
electron affinity of Cl(g) -349 kJ/mol

enthalpy of formation of LiCl(s) -409 kJ/mol
(A) 47 kJ/mol (B) 171 kJ/mol (C)-580kJ/mol  (D}-865 kJ/mol  (E) none of these

Complete the Lewis structure for the molecule:
CH; O
CH;—CH~C—C—N

This molecule has single bonds and multiple bonds.
(A)4,2 B)6,3 (©)11,5 (D)11,2 (E) 13,0
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16.

17

18.

19.

20.

21.

22.

23.

Which of the following is not a valid resonance structure for Ny ?

(A) (B) ©
N=N—R:| [N=N—f] N—n=n]
D) (E)
N=N :N] )

all are correct

Which of the following species has a trigonal bipyramid structure?
(A) NH; (B) IFs (O) Iy (D) PCls (E) none of these

The hybridization of the central atom in CIF2" is:
(A)sp (B) sp (C) sp® (D) dsp’ (E) d’sp’

Which of the following has the greatest bond strength?
(A) B2 B) Oz~ (C)CN~ (D) 07" (E)yNO~

If a molecule demonstrates paramagnetism, then :

I.  The substance can have both paired and unpaired electrons.

II. The bond order is not a whole number.

I1I. It can be determined by drawing a Lewis structure.

IV. It must be an ion.

(A)L1II B LILIV (O 10, 111 (D) L only (E) all are correct

If equal, rigid spheres are arranged in a simple cubic lattice in the usual way (i.e., in such a way that
they touch each other), what fraction of the corresponding solid will be empty space?
(A)0.52 (B)0.32 (C) 0.68 (D) 0.48 (E) none of these

In the unit cell of sphalerite, Zn®* ions occupy half the tetrahedral holes in a face-centered cubic
lattice of 8%~ ions. The number of formula units of ZnS in the unit cell is:
(A)6 (B) 4 ©)3 D)2 E)1

Choose the compound with the most ionic bond.
(A) LiCl (B) KF (C)NaCl (D) LiF (E) KCl1
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26.

24,

25.

27.

28.

29.

30.

The melting point of water is 0°C at 1 atm pressure because under these conditions:

(A) AS and ASsur for the process  HxO(s) — HaO(/)  are different in magnitude and opposite in
sign.

(B) AS and ASsur for the process HxO(s) — H2O(])  are different in magnitude and both positive.

(C) AS and ASsurr for the process  H20(s) — H20(/) are equal in magpitude and opposite in sign.

(D) AS and ASsur for the process H20(s) — H20())  are equal in magnitude and both positive.

(E) None of these is correct.

At constant pressure, the following reaction 2 NOz(g) — N204(g) is exothermic. The reaction is
(A) always spontaneous.

(B) spontaneous at low temperatures, but not high temperatures.

(C) spontaneous at high temperatures, but not low temperatures.

(D) never spontaneous. '

(E) cannot tell.

Which of the following oxides/hydroxides is not an amphoteric compound?
(A) BeO (B) B(OH)3 (C) AI{OH); (D) ZnO (E) PbO

What is the AG® of the reaction: Fe(s) + 2 Ag'(aq) — Fe*'(ag) +2 Ag(s) ?
E°(Ag'/Ag) =+0.80 V ; E°(Fe¥/Fe) = -0.44 V

(A) -235 kJ-mol?! (B) -162 kJ-mol! (C) -118 kJ-mol!
(D) -69 kJ-mol! (E) +118 kJ-mol!

For a second-order reaction 2 A — B, it takes 10 minute for the concentration of A decreasing
form [A]o to [AJo/2. How much time is required for the concentration of A decreasing form [AJo/2 to
[A]e/8 under the same condition?

(A) 7.5 min (B) 15 min (C) 20min (D) 40 min (E) 60 min

Which of the following systematic names is correct?

(A) S-methyl-3-ethylhexane (B) tetramethylamine

(C) trans-1,2-diiodiocyclooctane (D) 2,3-bisiodio-1-heptene
(E) 4-chloro-3-propylnonane

How many unpaired d-electrons are there in the tetrahedral complex ion [FeCls]*~ (in the ground
state)?
(A0 B)2 ()3 o4 (E)S
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31. Which of the following statements about starch and cellulose is false?

(A) Both of them belong to polysaccharides.

(B) Cellulose is the unbranched polymer of sucrose.

(C) The highly branched starch is named amylopectin.

(D) Both of them have the same monomers but different linkages.

(E) Cellulose molecules are usually held in bundles by hydrogen bbnding.

32.  Which of the following statements about the phase diagram of a pure substance is true?
(A) Having two or more triple points is impossible.
(B) No pure substance has two different liquid phases.
(C) The slope of liquid-solid phase boundary is always > 0.
(D) When T > T, no transition between liquid and vapor can be observed.

(E) In some case, a quadruple point (4 phases in equilibrium) can be found.

~33.  Which of the followings gas has the smallest Henry’s constant in water?
(A)Hz (B) He (CYN2 (D) Ar (E) CO

34. The enthalpy of mixing two liquid A and B is positive and can form an azeotrope. That means
(A) the azeotrope is a minimum boiling azeotrope.
(B) the azeotrope is a maximum boiling azeotrope.
(C) the vapor pressure can be predicted precisely by Raoult’s law.
(D) both pure A and B can be obtained by fractional distillation in any case.
(E) the intermolecular forces between A-B is stronger than between A-A, B-B.

35. Which of the following complexes may have linkage isomers?
(A) cis-[CoCl2(NH3)a]" (B) trans-[CoCl(NHa)]" (C) [CrCI(OH)s} H20
(D) Na[Fe(EDTA)] (E) [Co(NCS)(NH3)5]-Clz

36. What is the pH of the aqueous buffer solution that is 0.2 M NHj and 0.2 M NH4Cl. The value of Ky
for NHs is 1.8x107>.

(A) 4.7 (B)5.7 (€) 8.9 (D) 9.3 (E) 10.3
37. At 300 K, E°(Pb?'/Pb) =-0.13 V and E°(PbSO4/Pb) = -0.36 V. Then Ksp of PbSOs=? ¢&* = exp(x)
(A) exp(-8.9) (B) exp(-18) (C) exp(-38)

(D) 1.9x107 (E) insufficient data for determining
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B 38. Under 1800°C, CaO +C — X +Y. The product X can react with water for producing an

inflammable gas Z. What are X, Y, and Z?
(A) Ca, CO, Hz (B) Ca, CO, H2 (C) CaxC, CO, CoHy
(D) CaxC, CO2, C2H2 (E) CaCy, CO, CoH:

39. For the reaction mechanism:
stepl: A+B-—X fast, rate constant = &1 & k.1 for the reverse
step2: X+A-—C slow, rate constant = &
What is the rate law? And which step is the rate-determining step?
(A) (kik2)[AJ[B] ; step 2 (B) (k&i/k)[A][B] ; step 1 (C) (kak2/kr)[BY ; step 2
(D) (k-1k2/k1)[B] ; step 1 (E) (hik/k)[AT*[B] ; step 2

40. Polonium is a radioactive element and may accumulate in the lung through tobacco smoke. It’s one
of the reasons for lung cancer. 2'°Po, the most widely available isotope of polonium, is an alpha
emitter and has a half-life of 138 days. What is the daughter nucleus of 2!°Po?

(A) 206Pb (B) 206T1 (C) 210Bi (D) 210At (E) 214Rn

41. How many secondary alcohols are there with the formula CsH;;OH?
(A)2 (B)3 ©) 6 )8 E)9

42. Consider the reaction: Nig) +4 CO — Ni(CO)sgy At 30°C and Pco = 1 atm, Ni reacts with
COg to form Ni(CO)agg. At 200°C, Ni(CO)4(g) decomposes to Ni(s) and CO(g). This means
(A) the forward reaction is endothermic.
(B) X at 200°C is greater than K at 30°C.
(C) the entropy of the forward reaction is negative.
(D) a decrease in pressure favors the forward reaction.
(E) the activation energy at 30°C is lower than at 200°C.

43. What the mass of barium metal (137.3 g-mol™) can be produced from 0.10 M aqueous solution of
barium chloride by electrolysis using a current 4.0 A for 1.5 h?
(A)Og B)0.51 g (C)ylog D)yl5g (E)31g

44, Which of the following is not a Lewis acid?
(A) BF; (B) CO2 (C) Hz0" (D) Mg* (E) P(CH);
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| 45. The HBr synthesis is thought to involve the folloWing reactions:
I. Bro—2Br
II. Br-+H;— HBr+H-
IIi. H-+ Br — HBr+ Bre
IV. 2 Br— Bnr;
V. 2H—H;
VI. H-+ Br— HBr
‘The chain termination reactions in this mechanism are reactions
(A) L 11, 111 B)YIL L IV (O IV, V (D)IV, V, VI (E) VI only

46. Which of the following compounds/ions can not form a chelating complex with a metal ion?
(A) o-diaminobenzene (B) p-diaminobenzene
(C) diethylenetriamine (D) oxalate ion
(E) ethylenediaminetetraacetate ion

47. Which of the following compounds is chiral?
{A) phenol (B) 2-bromo-2-propanol
(C) cis-1,2-dichlorocyclopentane (D) trans-1,2-dichlorocyclopentane
(E) 1-ethyl-1-methylcyclohexane

48. Silver chloride is most soluble in
(A) ethanol (B) pure water (C)0IMKCN (D)0.1 MKBr (E) 0.1 MKNO3

49.  Which of the following statements about catalytic reactions is true?
{A) No catalytic reaction is zero-order.
(B) A catalyst may change the reaction order.
(C) The catalyst decreases the standard reaction enthalpy.
(D) Radicals are too active, so they never act as catalysts.
(E) A catalyst always increases the activation energy of the reverse reaction.

50. Which of the following polymers can be used as the coating for non-stick cookware?
(A)PS (B) PETE (C) PTFE (D) LDPE (E) HDPE
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