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1. In the ground state of a cobalt atom thereare  unpaired electrons and the atom is
(A) 3, paramagnetic  (B) 5, paramagnetic  (C) 2, diamagnetic
(D) 0, diamagnetic ~ (E) 2, paramagnetic

2. Which one of the following is an amphoteric metal hydroxide?
(A)KOH (B)Ba(OH): (C)Pb(OH), (D)LiOH (E)Mg(OH),

3. Assuming the Ksp for Mg(OH), is 1.8 x 10", what is the pH of a saturated solution of Mg(OH)?
(A)35 B)101 (0109 [D)105 (B)9.2

4. Assuming the Ky for AgsPOais 1.8 x 1078, AgsPOs would be least soluble at 25°C in which of the
followings?
(A)0.1 M AgNO; (B)0.1 MHNOs; (C)pure water (D) 0.1 M Na;POy
(E) solubility in (A), (B), (C), or (D) is not different

5. The perchloric acid molecule contains: :
(A) 13 lone pairs, 1 7 bond, and 4 o bonds.  (B) 9 lone pairs, no  bonds, and 6 ¢ bonds. /;:
(C) 8 lone pairs, 2.7 bonds, and 7 ¢ bonds. (D) 2 lone pairs, 3 © bonds, and 4 ¢ bonds. ,;-
(E) 11 lone pairs, no  bonds, and 5 & bonds. -v-;z ]

6. What hybridization is predicted for sulfur in the HSO3" ion? — j%j
@Bysp @B ©Osp Osp'd  (E)sp'd ;‘g% AR 1Y
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7. Both ZnS and CaF have a face-centered cubic unit cell where the $% and Ca2" ions are closest packed
in each structure. Which of the following is true?

(A) There are 4 tetrahedral holes empty in each structure.

(B) In both compounds, one-half of the tetrahedral holes are filled.

(C) In both compounds, all the tetrahedral holes are filled.

(D) In ZnS, one-half of the tetrahedral holes are filled by Zn** ions, whereas in CaF> all the
tetrahedral holes are filled with F~ ions.

(E) There are 8 Zn** ions and 4 F~ ions in the unit cell.

8. NazS crystallizes with an antifluorite structure. Which statement is true about this structure?
(A) The coordination number of each S center is 8.
(B) Each Na" ion is within a cubic arrangement of S~ ions.
(C) The structure is based on a CaF; structure, with Na' ions in Na2S occupying the same sites as
Ca®" ions in CaFa.
(D) The S* ion is tetrahedrally coordinated.
(E) None is correct. |

9. A possible mechanism for the reaction, 2A+B > C+ D, is:
(1) A+tA = A fast, equilibrium
(2) A2+ A As slow
(3) As+B>A+C+D fast

Akcording to the mechanism, the rate law will be:
(A) Rate =k[A]> (B) Rate =k[A][B] (C) Rate =k[AJ[B] (D) Rate =k[A]
(E) Rate = k[A]?

10. Suppose the activation energy of a certain reaction is 250 kJ/mol. If the rate constant at T1 = 300 K
is k) and the rate constant at T> = 320 K is k», then the reaction is __ times faster at 320 K than at 300

K. (Hint: Solve for kz2/ki.and Euler's number e approximately equal to 2.718)
(A)3x10% (B)0.067 (C)15.0 M)525 (E)3x10%

11. The half-reaction that occurs at the anode during the electrolysis of molten sodium bromide iq:
(A)2Br>Brn+2¢  (B)Brz+2e —2Br (C)Na"+e¢ — Na
(D) Na — Na* +e (E)2H0+2e —20H +12

NSE

{
N

12. Which one of the following substances can be melted without breaking chemical bonds?
(A) sodium sulfate  (B) zinc chloride  (C) sulfur dioxide (D) silicon dioxide
(E) diamond \ -
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13. At 445°C, K. for the following reaction is 0.020.
2Hl(g) = Ha(g) + L(g)
A mixture of Hz, I, and HI in a vessel at 445°C has the following concentrations:
[HI] =2.0 M, [Hz] = 0.50 M and [I] = 0.10 M. Which one of the following statements concerning the
reaction quotient, Qc, is TRUE for the above system?
(A) Qc = K; the system is at equilibrium.
(B) Qc is less than K¢; more Hz and I, will be produced.
(C) Q. is less than K.; more HI will be produced.
(D) Qc is greater than Kc; more H, and 1 will be produced.
(E) Qc is greater than K.; more HI will be produced.

14. Consider the complex ion [Mn(OH,)s]** with 5 unpaired electrons. Which response includes all the
following statements that are true, and no false statements?
L. It is diamagnetic.  II. It is a low spin complex. Iil. The metal ion is a d° ion.
IV. The ligands are weak field ligands. V. It is octahedral.
(A)LII (BYIIL IV, V (O LIV (DYIL, V (B o, 1v

15. Which of the following complexes do you expect to be brightly colored?
(A) Cs2[TiClg] (B) [Zn(pic)Cl:] (pic: picolinic acid) (C) [Mn(H20)s]S04
(D) [Fe(H20)4(SCN)) (E) None is correct.

16. Which of the following complexes do you expect to be kinetically inert?
(A) [CoNH3)a**  (B) [Fe(CN)s]* (C) [Zn(CN)]* (D) [Ti(H20)s]** (E) None is correct.

17. Which of the following complexes shows color?
(A)[Zn(H20)6)(S04)  (B) [Cu(H20)6]Cl  (C) [Cr(H20)6]Cl (D) Cd(NO3), (E) None is correct.

18. Magnetic measurements indicate that [Co(OH2)s]** has 3 unpaired electrons. Therefore, the
hybridization of the metal's orbitals in [Co(OH2)s]?* is
(Aysp”  B)sp’d  (O)dsp® (D)sp’d® (E) dsp?

19. Which one of the following statements is FALSE?

(A) In an octahedral crystal field, the d electrons on a metal ion occupy the e, set of orbitals before / A

they occupy the 1z, set of orbitals. F
|
(C) Low spin complexes can be paramagnetic. /

(D) In high spin octahedral complexes, Ao is less than the electron pairing energy, and is relatively Ik

(B) Diamagnetic metal ions cannot have an odd number of electrons,

very small.

-

(E) Low-spin complexes _contain strong field ligands. ‘{i : %’J {ﬁ}ﬁ%&%
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20. Which of the following complexes has the greatest thermodynamic stability (en = HoN-CH2CHz-
NH2)? Note: assume a high-spin configuration for Mn in these complexes.
(A) [Mn(NH3)s]**  (B) [Zn(NH3)s]** (C) [Mn(en)s]** (D) [Zn(en)s]**  (E) None is correct.

21. Place the following in order of increasing acid strength.
H20 CH30H CsHsOH CH;COOH
(A)CHsOH < CgHsOH < H:0 < CH3COOH
(B)H20 < CH3OH < C¢HsOH < CH3;COOH
(OOH:0 < CgHsOH < CH3OH < CH;COOH
(D)CH3;OH < HO0 < CgHs0H < CH3:COOH
(E)CeHsOH < CH30H < H20 < CH;COOH

22. Which of the following statements is TRUE?
(A) A strong acid is composed of a proton and an anion that have a very strong attraction for one
another. ‘
(B) A weak base is composed of a cation and an anion with a very weak attraction between them.
(C) A strong acid has a strong conjugate base.
(D) The conjugate base of a very weak acid is stronger than the conjugate base of a strong acid.

(E) None of the above statements are true.

23. Identify the missing particle in the following nuclear equation:

235 90 0 1 0
92U — 38Sr+.+2 0n-i_4 oY

141 144 143 143 92
(A) 5, Te (B) o, Xe (C) ¢4 Xe (D) 4, Te (E) 3¢8r

24. Which of the following undergo nitration faster than benzene?

NH,  CN No, o OH |
@ E
1 2 3 4 5

(A)dand5  (B)2,3,and5  (C)land2 (D) 3 and 4 (E) 1,4, and 5

25. What is the maximum motional contribution (including translational, rotational, and vibrational
degrees of freedom) to the molar internal energy of gaseous CO», assuming ideal gas behavior?
(A) 6 RT (B) 6.5RT (C) 3.5RT (D) 3RT (E) 2.5RT
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26. Consider two flasks at 100°C, one contains an ideal gas and the other contains the real gas SO;.
Which statement regarding these gases is TRUE?

(A) As the temperature is increased, the pressure of the ideal gas will be smaller than the pressure of
8O3 because the van der Waals coefficient a for SOs is large.

(B) As the temperature is decreased, the ideal gas will liquefy first because ideal gases have larger
values of the van der Waals coefficient b.

(C) As the temperature is decreased, the pressure of the ideal gas will be smaller than the pressure of
803 because the van der Waals coefficient b for SO; is large.

(D) As the temperature is decreased, the volume of the ideal gas will be larger than the volume of SO3
because the van der Waals coefficient a for SO; is large. _

(E) As the temperature is increased, the volume of the ideal gas will be smaller than the volume of

503 because ideal gases have larger values of the van der Waals coefficient a.

27. The enthalpy change due to the reaction of one mole of CzHs with water to form C,Hs0H can be

estimated by
(A) BE(C-C) + BE(O-H) - 2BE(C-0) - BE(C-H)
(B) BE(C=C) + BE(O-H) - 2BE(C-C) - BE(C-0)
(C) BE(C-H) + BE(C-0) - BE(C-C) - BE(O-H)
(D) BE(O-H) + BE(C=C) - BE(C-H) - BE(C-O) - BE(C-C)
(E) BE(C-H) + BE(C-0) + BE(C-C) - BE(O-H) - BE(C=C)

28. Arrange these compounds in order of increasing standard molar entropy at 25°C:
CsHs(g), CaHa(g), ZnS(s), and H>O(1).

(A) ZnS(s) < H20(l) < CsHa(g) < CsHs(g)
(B) C2Ha(g) < HoO(l) < C3Ha(g) < NaCl(s)
(C) ZnS(s) < CsHs(g) < C2Ha(g) < H20(1)
(D) C3Hs(g) < C2Ha(g) <H0(l) < ZnS(s)
(E) ZnS(s) < Ho0(l) < C3Hy(g) < C2Ha(g)

29,.}-‘1: he normal freezing point of ammonia is -78°C. Predict the signs of AH, AS, and AG for ammonja

- when it freezes at -80°C and 1 aim: NH3(l) — NHs(s) o
. AH AS AG A"
A - =0 e
o 5t 3
s -]
LI
D. + + 0 > .ev
Eo- - - e
(A)Choice A (B) Choice B (C)ChoiceC (D) ChoiceD () ChoiceE | /1~
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30. Calculate the standard free energy of formation of mercury(Il) oxide at 298 K, given
HgO(s) Hg() OaAg)

AHP, kI-mol™ -90.83 - —

Sm°, JI'K~'-mol! 70.29 76.02  205.14
(A) +58.5 kl/mol (B) +117.1 kJ/mol (C) —58.5 kJ/mol
(D) —123.1 kJ/mol (E) —-117.1 kJ/mol
31. For the reaction
2C(s) + 2Ha(g) — C2Ha(g)
AH?° = +52.3 kJ-mol™" and AS,° = —53.07 J.K~1-mol~! at 298 K. This reaction will be spontaneous at

{A) no temperature. (B) all temperatures. (C) temperatures below 985 K.
(D) temperatures above 985 K. (E) temperatures below 1015 K.

32. A solution of chloroform (CHCIs) and acetone((CH3)2C0) exhibits a negative deviation from
Raoult's law. This result implies that
(A) chloroform-chloroform interactions are stronger than chloroform-acetone interactions.
(B) chloroform-chloroform interactions are weaker than chloroform-acetone interactions.
(C) acetone-acetone interactions are stronger than chloroform-acetone interactions.
(D) a solution of chloroform and acetone may exits a low-boiling azeotrope.

(E) None is correct.

33. If the standard potentials of Cu®* and Cu™ are +0.34 and +0.54 V, respectively, please calculate £°of
the following half reaction:
Cu?*(aq) + ¢ — Cu'(aq)
(A)+0.20 V B)-0.20V (C)+0.68V (D)-0.14V (E)+0.14V

34. At 10°C one volume of water dissolves 3.10 volumes of chlorine gas at 1.00 atm pressure. What is
the Henry's Law constant in mol/L-atm?

(A) 0.043 B)31 (C)0.13 (D)3.8 (E) 36.

35. If £° for the following cell is 0.36 V at 25°C
Pb(s) | PbSO4(s) | SO4>(ag, 0.90 M) {| H'(ag, 1.20 M) | Hy(g, 271.2 kPa) | Pt
How is the Nemst equation for the cell properly expressed at this temperature?
(A)E =0.36 — 0.01285:In[2.712/{(1.20)%(0.90)} ]
(B)E =0.36 — 0.02569-In[271.2/{(1.20)(0.90)} ]
(C)E = 0.36 — 0.01285-In{271.2/{(1.20)%(0.90)} ]
(D) E=0.36 + 0.01285-In[271.2/{(1.20)%(0.90)}] [ :

(E) E = 0.36 — 0.02569-In[2.712/{(1.20)(0.90)}]




EHMBERS RS 105 S5 AL 54 ARRE

36. Consider the following reaction:
Ni(CO)s(g) — Ni(s) + 4CO(g)

what is the correct equilibrium relation?
(A) Ke=X%(1.0 - 4X) (B) Ko =X%(1.0 - X/4) (C) Ke =X/(1.0 - X/4)
(D) Ke = X/(1.0 — X/4) (E) Ko = 4X/(1.0 — 4X)

37. Which one of the following sets of quantum numbers is not possible?

n / my mg
A4 3 =2 +1/2
B.3 2 -3 -12
C.3 0 0 +1/2
D. 4 1 1 -1/2
E.2 0 0 +1/2
{A) Choice A (B) Choice B (C) Choice C (D) Choice D (E) Choice E

38. Which of the following statements is true?

(A) A d-clectron penetrates more than an s-electron through the inner shells of an atom.

(B) A d-orbital has a spherical boundary surface.

(C) An electron in an s-orbital has a zero probability of being found at the nucleus.

(D) A p-electron experiences a smaller effective nuclear charge than an s-electron.

(E} With the same principle quantum number, s-electron is more delocalized than f-electron.

39. Which of the following compounds is optically active?
(A) NH2C(CHa)2COOH (B) CHsCHCH(CI) (C) CH:CH2CH(NH,)COOH
(D) CH:OCH; (E) (CH3)CHCONH;

40. The structure of rubber, a polymer, is

C}I%\(J[

What is the formula of the monomer used to produce rubber?

(E) CH;CH(CH3)CH>CH;
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If the initial concentration of Ni(CO)(g) is 1.0 M, and X is the equilibrium concentration of CO(g),

(A) (CH1)2CCHCH; (B) CHsCCCHj (C) CH,CCCH; (D) CH2C(CH3)CHCH5




