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1. The ultimate criterion for sponlaneity of a process is
A) the change in internal energy of the process,
B) the change in enthalpy.
C) the change in entropy.
D) the change in free cnergy for the process.

E) the change in numbers of moles of gaseous species,

2. The following reaction is endothermic: 250s3(g) — 2S0,(g) + Ox(g). The reaction is
A) spontaneous at all temperatures.
B) non-spontaneous at all temperatures.
C) spontaneous at low temperatures.
D) spontaneous at high temperatures.

E) with a positive activation energy.

3. Which of the following is paramagnetic with three unpaired electrons in its ground

o’ state?
A)Li B)YAl C)As D)S E)Br

4. How many of the elements in the second row of the Periodic Table are paramagnetic

in atomic form?
A)3 B)4 OS5 D)6 E)7

5. Which cation would have the following electron configuration?
1572572p" 35" 3p%ds’
A) S B)ca” ©Ss¥ DK E)K

6. For the reaction:
Au (s) +4 H' (ag) + NOj (ag) + 4 CI” (aq) — AuCly™ (aq) + NO (g) + 2 H,0

E°=-0.04V

If the standard potential for the reduction of NO;3™ (aq) to NO (g) is +0.96 V,
determine the value of E° for the following half-reaction.

AuCly (aq) +3 ¢ — Au(s) + 4 Cl" (aq)

A) 1.00 B)+092 ()-092 D)-1.00 E)none of these

Which of the following solutions has the highest boiling point?
B) 1.0 m NaCl in water

A) 1.0 m glucose in water
D) 1.0 m CaCly in water

C) 1.0 m NaBr in water

E) pure water
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8. The boiling points of the noble 8ases increase going down the group. What type of

intermolecular force best accounts for this fact?

A) permanent dipole B) ion-ion C) hydrogen bonding
D) London dispersion E) ion-dipole

9. The hybrid orbitals used by sulfur in SFs are

A)sp B)sp® () sp’ D)sp’d  E) sp’d?

10. What is the proper order of decreasing Cl-A-CJ angle?
1) PCL; 2) SiCly 3) BChL
A)1>2>3 B)2>3>] €)3>2>1 D)2>1>13 E)yz>i1=>2

1. Estimate the AH°, in kJ, for the following reaction from the bond energies given.
GCslly (g) + Bry (g) — C3H;Br (g) + HBr (g)
Bond energy (kJ/mol): C-H, 414: C-Br, 276; Br-Br, 193; H-Br, 364.
A)33 B)133 C)-33 D)-133 E) 1247

12, Select the best Lewis structure for Ny ? (Formal charges are not indicated.)

A) B) C) D) L)
.]\{:N:N - N:N*E\[ : :.P\{*N*N : T N=N=N : :.]\I—'I‘{EN :

I3, The rate law for a reaction is found to be Rate = 4[A]*[B]. Which of the following
mechanisms gives this rate law?
[ A+B — E (fast)
E+B — C+D (slow)
I A+B— E (fast)
E+ A — C+D (slow)
1. A+ A — E (slow)
E+B — C+ D (fast)
Ayl B)Il CyUl D)YU+II E)none of these

14 If the reaction ZHI—H, + I, is second order, which of the following will yield a linear
plot?
A) log [HI] vs time B) 1/[HI] vs time C) [HI] vs time
D) In [HI] vs time E) I/[HI) vs time
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Choose the correct slatement about the diagram above,

A) The diagram is qualitatively correct for water.

B) The diagram shows that the melting point of the solid increases with increasing
pressure,

C) The diagram shows the triple point above 1 atm pressure.

D) The diagram could represent the phase diagram of CO,.

E) None of the above statements is correct,

[6. In the unit cell of sphalerite, Zn?* jons occupy half the tetrahedral holes in a face

centered cubic lattice of $* ions. The number of formula units of ZnS in the unit cell
Is:
A)5 B)4 D)3 D)2 E)I

The clements of group 5A, the nitrogen family, form compounds with hydrogen
having the boiling points listed below:

SbH3 — 17 °C, AsH; -55 °C, PH; 87 °C, NH; —33 °C

The first three elements illustrate a trend where the boiling point decreases as the

mass decreases; however, ammonia (NH;) does not follow the trend because of

A) dipole-dipole attraction
B) metallic bonding

C) hydrogen bonding

[») London dispersion forces

E) ionic bonding

18, A solute added to a solvent raises the boiling point of the solution because

A) the temperature to cause boiling must be great enough to boil not only the solvent

but also the solute.
B) the solute particles lower the solvent’s vapor pressure, thus requiring a higher

temperature to cause boiling,
C) the solute particles raise the solvent’s vapor pressure, thus requiring a higher

temperature to cause boiling,
D) the solute increases the volume of the solution, and an increase in volume requires

an increase in the temperature to reach the boiling point (derived from PV = nRT).

E) two of the above are correct.
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A 50.0 g sample of glucose (a nondissociated, nonvolatile solute with the formula
Coll170¢) is dissolved in 150.0 g water. What is the vapor pressure of this solution at
100 °C?

A) 760 torr B)25torr  C) 735 torr D) 715 torr  E) none of these

The following plot shows the vapor pressure of various solutions of components A and

B at some temperature.
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Which of the following statements is false concerning solutions of A and B?
A) The solutions exhibit negative deviations form Raoult’s law.
B) AHix for the solutions should be exothermic,
C) The intermolecular forces are stronger in solution.
D) Pure liquid B is more volatile than pure liquid A.

) The solution with xg= 0.6 will have a lower boiling point than either pure A or

pure B.

Order the following from lowest to highest boiling point: SnCy, SnBra, Snla.

A) SnCly, SuBry, Snly
B) SnBry, Snly, SnCly
C) SnCla, Snly, SnBry
D) Sul, SnBrs, SnCly
E) SnCly, Snly, SnBry

The [act that the SO molecule is very unstable while O, is stable can be best explained

because:
A) The S-O bond is inherently unstable.

B) Sulfur lacks the ability to form double bonds.
C) The difference in electronegativity between the sulfur atom and the oxygen
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alommakes it unlikely for the S-O bond to form.
D) There exists much stronger bonding between oxygen atoms than between a
sulfur atom and oxygen atom.

E) none of these

23. What is the electron configuration of the Co(IT) ion?
A)[Ar)s’3d” B) [Arjas™ad®  C) [ArJas?3d” D) [Ar]3d”  E) none

24. Which of the following complexes shows geometric isomerism?
A) [Co(NH;)sCIISOs  B) [Co(NH3)6]Cl5
C) [Co(NH;)sClICl, D) K[Co(NH;),Cly]

E) none of these

25. The complex ions of Zn*" are all colorless. The most likely explanation for this is:
A) Zn*" is paramagnetic.
B) Zn"* exhibits "d orbital" splittings in its complexes such that they absorb all
wavelengths in the visible region.
C) Since Zn*" is a d'%ion, it does not absorb visible light even though the "d orbital"
splittings are correct for absorbing visible wavelengths.
D) Zn** is not a transition metal ion.

E£) None of these is correct,

26. The value of the equilibrium constant , K, is dependent on
I.  The temperature of the system.
[I. The nature of the reactants and products.
[11. The concentration of the reactants.
IV. The concentration of the products.
A) LI
B) 11, 111

C) UL, 1V
D) It is dependent on three of the above choices.

E) It is not dependent on any of the above choices.

27. Consider the reaction:

250,(g) + 02(g) — 250s(g)
at constant temperature. Initially a container is filled with pure SO;(g) at a pressure of

2 atm, after which equilibrium is allowed to be reached. If y is the partial pressure of
O, at equilibrium, the value of Kp is:

A) 2 -2 105 2)
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B) (2 =) (F - yi2)
C) 2= 12y y]
D) (2 =20 /[ (29)* )
E) none of these

28. Consider the following reaction (assume an ideal gas mixture);
2NOBr(g) = 2NO(g) + Bry(g)

A 1.0-liter vessel was initially filled with pure NOBr, at a pressure of 4.0 atm, at 300
K. After equilibrium was established, the partial pressure of NOBr was 2.5 atm,
Then the volume was increased to 2.0 liters, while the temperature was kept at 300 K.
This will result in:

A} an increase in Kp.

B) a decrease in Kp.

C) a shift in the equilibrium position to the right.

D) a shift in the equilibrium position to the lefi.

- E) none of these

29. For a neutral solution, it must be true that
A) pH = 7.00.
B) [H']=0M.
C) [H']=[0OH].
D) [H,0]=1 x 107"
E) At least two of the above.

30. A 0.10-mol sample of a diprotic acid, HyA, is dissolved in 250 mL of water. The Kal
of this acid is 1.0 x 107 and Kazis 1.0 x 107'°. Calculate the cancentration of A™ in

this solution.
A)1.0 x 107 M
B)2.0 x 10°M
C)4.0 x 10°M
D)1.0 x 107" M
E) 0.40 M

The energy expressions for the electrons in the hydrogen atom and the He" ion are

31.
E, ()= —a/n® and B, (He") = —4a/n’, respectively. Symbol n denotes the principle

quamtum number.

Which ofth;: following statements is correct?

A) For the transitions m,—>n; , the frequency is larger for H than for He™

B) The first ionization energy of the H atom is smaller than the second ionization
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C) The 1s orbital in He" is larger (in the sense that the probability density is shifted

outward) than the 1s orbital in H.
D) Two of statements A through C are correct.
E) The statements A through C are all correct.

The statement that the 1st ionization energy for an oxygen atom is lower than the 1%

ionization energy for a nitrogen atom is

A) consistent with the general trend relating changes in ionization energy across a

period from lefl to right because it is easier to take an electron from an oxygen atom

than from a nitrogen atom.

B) consistent with the general trend relating changes in ionization energy across a

period from left to right because it is harder to take an electron from an oxygen atom

than from a nitrogen atom.

C) inconsistent with the general trend relating changes in ionization energy across a
period from lelt to right and due to the fact that the oxygen atom has two doubly

occupied 2p orbitals and nitrogen has only one.

D) inconsistent with the general trend relating changes in ionization energy across a
period from left to right and due to the fact that oxygen has one doubly occupied 2p

orbital and nitrogen does not.

[} incorrect.

Which of the following molecules has a dipole moment?
A) SCls B) BH; C) COs D) OF;

E) None of the above has a dipole moment.

Using the following data reactions

H° (kD)
Ha(g) — 2H(g) 432
239

Cly(g) — 2CNg)
calculate the energy per mole of an H-CI bond.

A)770k]  B)856kI  C)518kJ  D)326kJ

The hybridization of the central atom in ICly is:

3
A) sp B) sp” C) sp’ D) dsp’ E) d’sp

E) 428 kJ

The configuration (625)2(025*)Z(KZpy)l(Rpr)' is the molecular orbital description for

the ground state of

P4 &
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A)Lik"  B)Bey C)B;  D)BY  E)C,

37. Typically, rotational changes are produced by radiation in the region of the
electromagnetic specirum
A)y UV B) IR C) microwave D) visible E) X-ray

38. For which gas do the molecules have the smallest average kinetic energy under fhe

same temperature”?
A) He B) Cl; C) CH, ‘ D) NH;, E) all gases the same

. Which of the following result(s) in an increase in the entropy of the system?
1. (See diagramn above.)
1. Br(g) — Bry(l)
11f. NaBr(s) — Na“(aq) + Br'(aq)
1V, 0,(298 K) — 0x(373 K)

V. NHs(1 atm, 298 K) — NH;(3 atm, 298 K)
A)l By, V O L UL 1y D)L 1L I, TV E) LI I,

40. The reaction _
2H,0(g) — 2Ha(g) + O:(g)
lias a positive valtue of AG®.

A) The reaction is slow.
B) The reaction will not occur. [When H0(g) is introduced into a flask, no Oz or Hy

Which of the following statements must be true?

will form even over a long period of time.]
C) The reaction is exothermic.
D) The equilibrium lies far to the right.

E) None of these is true.




