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L. When a3.0 g sample of ethane, CH,, is burned in excess oxypen, 8.2 g of waler
is collected. 'What is the percentage yield for ihis reaction?
(A} 91%
(B) 34%
) 56%
(D) 95%
(B) none of the above

2. Aphoton of electromagnetic radiation has a frequency of 3.0 x 102 Hz, 'What

15 the enexgy of the photon? The Planck constant is 6,626 x 107 ] s,
(A) $x16¥]

B 20x10"F

(C) 15x10%]
(D) 3.0x10%]
(E) nong ofthe above

3. The explanation of the photoeleciric effeet in terms of the photon model was
first advanced by

(A) Max Planck

(B) Niels Bohr

{C) Isaac Newton

(1)) Albert Einstein
(E) none of the above

4. Niels Bohr was able to show that the energy of a hydrogen atom could be
calculated from the cquation B = -2.18 x 10™™(1/%) . What is the energy of one
mole of hydrogen atoms in the ground state?
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(A) -1.3x10°kd

B) -13x10°K]
(O -13131]

(D) -32x10°]

(E)} none ofthe abgve

5. 'What is the value of n when the hydrogen atom is ionized?
(Ay 1
B} 2
<) 3

D) 4
{E} none of the above

6. Consider the reaction, CaC, + water — products. Which of the following 15 a
{(A) Ca
(B) CH,
€y Ce(CH),
) H,
(E) pone of the above

7.  Which of the following is a typical catalyst in a biological system?
(A} HNO,
(B) Sn
©) CH,
(D} H,S0,
(E) none of the above

8.  Consider the reaction, C.H,, + O,(cxcess) —» products. What is the coefficient
of oxygen in the balanced chentical equation?
(A 2
(B) 4
{C} 6
D) 8
(E} noneof the asbove
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2. Cansidﬂrarﬁcﬁanwhemthaﬂﬁismgaﬁvemdlheﬂﬂispusiﬁvm Under
which set of conditions will the reaction be spontaneous?
(A) The temperature is low and the AH is large.
(B) The temperature is high and the AH is smal).
(C) The temperature is low and the AH is small.
(B} The temperature is high and the AH is large.
(E} none of the above

10.  Under which condition is a reaction always in equilibrimm?
(A) AH=0
(B) AS=0
() s
D) AH=+
(E) none of the above

11. Given the following vabees of the AG? in kJ mol™;
CH(g)=-50.8 CHCL()=-73.7 HCl(g)=-93.3

What is the AG® for the reaction,
3CL{g) + CH ) > CHCL{D + 3HCIz)?
(&) -227 kI mol™

(B) -303 & mol™
(©) -415kJ mol™

(D)} -427 kJF mol™
(E) none of the above

12. Which of the lists of substances is in the order of ingreasing nitrogen-nitrogen
bond strength?
(A N,, HNNH
(B} HNNH, IL,NNH,
(C} HNNH, N,
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(D) N, H,NNH,
(E} none of the above

13. The value of DG for a gas phase reaction is 22 kJ. 'Which of the following is
ue? ;
(A} 1 is amailer than the Kp.
(B) The reaction is spontaneous.
(C) 0Qisequal to Kp.
(D) Qis larger than Kp.
{E} none of the above

14. Consider the equilibrium, A(g} + B(g) <+ C{I). What will be the effect on the
equilibrium position of adding more "C™ to the reaction mixture?
(A) There will be a shift in the position of equilibriuin to the left.
.(®) There will be a shift in the position of equilibrium to the right.
(C) The concentrabion of "C" will increase.
(D) There will be no effect on the equilibrium position.
(E) none of the above

15. Consider the reaction,

Cals) + Pb(aq) = Pb(s) + Co"(a).

The concentration of the Pb™-is 0.5 M and that of Ca™ is 1.5 M. If E* for the
reaction is 2.74 V, what is E(volis) for the reaction?

(A) 252V

By 275V

{C} 328V

(D} 273V

(E) none of the above

16. Consider the following oxtdatios-reduction reaction.

Br,(g) + 21" (aq) — L{s) + 2Br (aq)
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If AG® for the reaction is -106 kI, what is the value of E™?
{A) LI1OV

{B) 0275V

(C) 0550V

(D) 255V

(E) none of the above

17. Which of the following staterments best describes the difference in a primary cell
and a 5eco
{A) Only secondary cells can be placed in a series.
(B) Secondary ceils produce small voltages. - :
(C) Primary cells are made of more expensive materials tham secondary cells.
(D} Secondary cells are rechargeable, and primary cells are notmdary cell?
(E} none of the above

18. How many grams of Cu® can be deposited as copper metal by a charge of
2,50 x 10* C?
{A) 165¢
(B) 8§35¢
{C) 330¢g
D) 558
(E) none of the above

19, Moiten KF is placed in an electrolytic cell.  Fluorine gas F,, 18
produced at electrode A.  Which of the following is true?
(A) Oxidation occurs at electrode B.
(B} Electrons flow away from electrode A,
(C) Electrode B is the anode.
(D) Electrode A 1s the cathode.
{E) none of the above

20. 'What is the name for the molecule, CH,CH,CH,SH?
(A} propanol
{B) 1l-propanethicl
(C) propane
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21.

22

24,

(D} sulfopropane
(E) none of the shove

Which of the following is readily oxidized to prnduce 4 ketone?
(A) CH,CH,CH,CH,0H

{B) (CH,,CHCH,CH,OH

(C) (CHy),COH

(D) (CH,),CHOH
{E)} none of the above

Which of the following alcohols cannot be made by the reduction of an
aldehyde?
(A) 2-propanot
{B) methanol
ACY  1-butanol
(D} ethyl alcohol
(E} none of the above

Which of the following is tre?

(A) A catalyst will improve the yield from a given reaction by shifting the
equilibrium position.

{(B) A heterogeneous catalyst is in the same phase as the reaction medium.

{C) A catalytic converter in an automobile is an example of heterogeneous
catalysis. -

() An enzyme in solution behaves as a heterogencous catalyst.

(E) mnone of the abowe "

Consider the following steps for the formation of an ester from an alcohol and a
carboxylic acid.

CH,COCH + H' = CH,COOH,’

CH,COOH," + CH,0H —» C,H,0,'

C,H,0," -» CH,COOCH, + H" + H,O

Which of the following 15 the reaction catalyst?
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(A) H

{(B) CH,COQH

(Cy CH,OH

@) CH,COOCH,

(E] none of the above

25. Which of the following wonld represent a termination step in a free radical
reaction that had 2 chain mechanism?
(&) 2CI' = Cl,
(B) CHy +Cl,—» CH,+CI°
() CI"'+CH,—» CH,"+HC(l
(I CL,+H —» HCI+CI
(E) none of the above

26. . Identify the reducing agent in the following reaction
Cd +NiQ,+ 2H,0 - CA(OH), + Ni(QH),
{A) Cd (B) NiD, (C) H,O (D) CA{OH), (E) Ni(OH),

27. 1.018 g of Freon-113 gas is trapped in a 145 mL container at 760 ramHg and 50.0
°C, What is the nolar mass of Freon-1137

(A) 21.7 gfmol (B) 28.8 g/mol (C) 46.1 g/mol (D) 186 g/mol (E) 245 g/mol

28. Far the reaction C{graphite)}+0,(z) ~» COylg) AH, = -393 &J. How many grams
of grapliite must be bumed to released 275 kJ of heat?

(3) 223 g(B)0.70g(C) 120 (D) 17.1g (F)8.4 g

29. Calculate the work done in joules when 2.5 mole of H,;O vaporizes at 1.0 atm ang
25 °C. Assume the volume of liguid H,Q is negligible compared to that of vapor.
{A)6190 kI (B} 6.19LI{C)61.1 kI (D) 566 kI (E) 5187

30. 'Which eiement has the following electron configuration? 1ﬂf2p‘35=
(A) Na (B) Mg (C) Al (D) 51 (E) Ne

31.  Which of the following is the electron configuration for the €I jon?
{A) [Ne]3s™3p* (B) [Ne]3s*3p’ {C) [Ar] (D) [Ar]4s'(E) [Ne]3s’3p’
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32. Usec VSEPR theory to predict the shape of the PCl; molecule
(A) lincar (B) bent (C) trigonal planar (D) trigonal pyramid (E) tetrahedral

33. Each of the following substances is a gas at 25 °C and 1 atm pressure. Which one
will liguefy most easily when compressed at a constant temperature?
(A) ¥, (BYH, (C) HF (D) 5iH, (E) Ar

34, Which of the following aqueons solution has the highest boiling poini?

(A) 0.2 m KCI (B) 0.2 m Na,80, (C) 0.2 m Ca(NO,), (D) purc water
(E)} more than one of the above

35. ‘What is the molar mass of toluene (CH,CH,) if 0.85 g of toluene depresses the
freezing point of 100 g of benzene by 0.47 *C? X (benzene)=5.12 °C/m
(A} 92.6 gfmol (B} 78.0 g/mol (C) 10.7 g/moi (D) 81.8 g/mol (E) 927 g/mol

36. It takes 42 min for the concentration of a reactant in a first-order reaction to drop
from 0.45 M to 0.32 M at 25 °C. How long wil} it take for the reaction to be 90%

complete?
(A) 13 min (B) 86 min (C) 137 min (D} 222 min (E} 284 min

37. ‘Which one of the following would alter the value of the rate constant (k) for the
reaction 2A + B — products?
(A) increase the concentration of A (B} increase the concentration of B
(C) increase concentration of both A and B (D) mcrease the temperature
(E) all of the above

38. Which statement is false? A catalyst
(A) increase the rate of the forward reaction, but docs not aiter the reverse rate
(B) alters the mechanism of reaction (C) aiters the activation epergy
(D) is altered in the reaction, but is always regenerated (E) increase the rate of
reaction, but 1s not consomed.
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39. Consider a weak acid CH,COCH (acetic acid). Given that a 0.048 M CH,COOH

solution is 5.2% ionized, determire the [H,0"] concentration at equilibrium.
(A) 0.25 M (B} 9.2x10° M {C) 0,048 M (D) 0.052 M (E) 2.5x 10° M

40, Calculate the pH of 2 0.20 M NaHSO, solution. Ko(HSO, )=6.3x10".
(A) 0.70 (B) 3.95 (C) 4.25 (D) 7.20 (E) 7.90

4t. The molar solubility of tin iodide (SnL) iz 1.28x10% mol/L. What is K, for this
compotmd?

(A) 8.4x10° (B) 1.28x10% () 4.2x10°° (D) 1.6x10* (E) 2.1x10°

42. The entropy change on vaporization (AS,.) of a compound or element is
{A) always negative (B) always pesitive (C) zero (D) can be positive or negative

43. - A certain electrochemical cell has for its cell reaction: Zn + HgQ — Zn0O + Hg.
Which is the half-reaction occurring at the anode?
(A)HgO+2e 5 Hg+ 0" (B} Zn* + 26 > In(C) Zn »> Zn + 2~
@yZn0+2¢ —»7Zn

44.  Iron objects such as storage tanks and underground pipelines can be protected
from corrosion by connecting them through a wire to a piece of
(4) Pb (B) Ag (C) Sn (D) Mg (E) Cu

45. In order for a gas to be a “greenhouse gas™ it must
(A} transmit visible light and absorb infrared radiation
(B) be radieactive (C) transmit infrared and absorb visible light
(D} be combustible (E) absorb both visible and infrared

46. Co-60 is a beta emitter wifh a half-life of 5.3 years. Approximately what fraction
of the Co-60 aioms in a particular sample wilt remain after 32 years?
{A) L/6 (B} 1/8(C) 1/16 (D) 1/32 (E) 1/64

47,  Which molecule represented below is unsaturated?
(A} C;H, (B) CH,0H (C) C.H,, (D) CH, (E} CH,,
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48, Octane (C,H,) undergoes combustion according to the following
thermochemical equation; ZCH () + 250, &) — 16C04{g) + 18H,00 AFF = -
11,020 kI. Given that AHR[CO,(@]= —393.5 kl/mol and AFP{H,O(]= -285.8
kJ/mob. Calculate the enthalpy of foomation of 1 mole of octane.

(A)-210 KJ (B) =11,230 kI (C) 22,040 kJ (D) 420 kJ (E) 420 kJ

49. Deviation from the ideal gas law are greater at
{A) low temperatures and low pressures (B) low temperatures and high pressures
(C) high temperatures and high pressures (D) high temperatures and low
PrESSures

50, The formal charge on the bromine atam in BrQ, drawn with three single bonds
is (A} -2 (B) -1 {(C) G (D) +1 (E) +2
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1. Consider the reaction, 2Fe,0. + 3C — 4Fe + 3C0,. How many moles of
carbon are needed to produce 5 moles of Fe?
{A) 15.0mol
(B) 6.67 mol
(O 5.00mel
(D) 10.0 mol
(E) nong of the ahove

2. Aluminum reacts with sulfuric acid, H,80,, to produce aluminum sulfate,
AlL(S0,),, and hydrogen gas. What is the amount of asluminum suffate that can
be produced by reacting 2.5 g of aluminum?
(A) 105¢

(B) 158¢

(C) 36g

D} 0250 ¢

(E) none of the above

3. When a 5.0 g sample of ethane, C,H,, is burned in excess oxygen, 8.2 g of water
is collegted. 'What is the percentage yield for this reaction?
(A) 91%
(B) 34%
(C) 56%
(D} 95%
(E) none of the above

4, (niven:

Ny(g) + 20(g) — 2NO,(g)
AHF = 3.6 kJ 2NO(g) + Oy(g) > 2ZNOg)
AR =67k

What is the standard enthalpy of formation for nitrie.oxide, NO?
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(A 103k

(B) 103Kk

(Cy 5.2k

Dy -206Kk]

(E) none of the above

5. Given the following bond energies in kJ mol™:
H-H=436 H-Cl=431 H-C=413 C-Cl=125
What is the approximate reaction e:nﬂﬁf"lpy for the reaction,

ZHCI + CH, — CH.Cl, + 2H,?
(A -164KT

(B lodkd
C) 82k

(D) -82k¥

{E) uoneofthe above

6. Which of the lists of substances is in the order of increasing nitrogen-nitrogen
bond strength?
(A} N,, HNNH
(B} HNNH, H,NNH,
(C) HNNH, N,
() N,, H,NNH,
(E} none of the above

7. 'Which of the following reactions has a negative change in entropy?
{(A) CaCO,s) — CaO(s) + COL(g)
(B) 2HgO(s) - 2Hg(l) + Oy(g)
(€} 5Hy(g) +4C(s) >CH,(g)

(D) 2NH(g) — Ny(g) + 3Hg)
{E) none of the above
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1.

The AG; for methane is -50.8 kJ mole™, and the AHF is-74.5 kJ mol™. What
is the valee of AS;” for CH,?

(A) -152Jmol* K7

(B) -79.5 Fmol' K

(C) -204 Tmol? K™

IHn -248Imol"' K™

(E) none of the above

Consider the following oxidation-reduction reaction.

Bryg) + 21" (aq) —» [2(s) + 2Br (ag)

I AG® for the reaction is -106 kI, what is the value of E°?
{A) L10V

(BY 0275V

(C) 0.550V

Dy 255V

{E) none of the above

Consider the reaction,
Ca(s) + Pb*(aq) — Pis) + Ca(a).

The concentration of the Pb**is 0.5 M and that of Ca** is 1.5 M. If E°
for the reaction is 2.74 V, what is E(volts) for the reaction?

(A) 252V

®) 275V

(C) 328V

(B} 2713V
{E) nong of the above

Consider the electrochensical cel,

Cufs)|Cu™(0.25M)[}Co™(0.75 M)ICo™(1.25 M),
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If E° for the cell is 1.47 V, what is B(volts) for the cell?
(A) 145V
(B) 157V
(C) 163V

(D) 131V
(B} none of the above

12. The E° for the reaction,
IR0 20 > 30,0, + 6H + 2Cr is -2.51 ¥,

What is the value of K for the reaction?
(A} 2.6x107

@ 36 xI10*
() 41 x10%

O 17
(E) none of the above

13. Molien CaBr, is placed in an ¢lectrolytic cell. Electrons flow in elecirode A and
out electrode B.  What happens at electrode A?
(A) Reduciion occurs.
(B) Oxidation occuss.
(C) Br,is formed.
(D} Calcium ions are produced.
(E) mnone of the above

14. How many grams of Ag’ can be deposited as silver metal by 2.50 x 10" C of
charge? '
(A) 2808
(B) 180¢g
{C) 56.0¢g

D) 0250
{E} nont of the above




Wi o i ol g I o & mucleept-1z?

LA} BE

i . _ A
1B O = .
([ TR

rth NH,

I mme I::_'F'Iiﬁﬁ
=

Waieh o th: Sollowing s €l glyeal?

1A CHCHCH _.
(8] CHLCIIH, oy
) THOHCH,0H
a1 CHOHCHORCHO0H

TEL e 4F e shove

Which af the fllowing b rendily oxstived 1 [rode + Neinog®
LA cu,ﬂ{ef:lqm,_ijitl' '

(5 {HLCHCHCR0H

i) HH)COH

{th 1, pCHOR

{E}  nopa afthe ahove

[hmaditer e reaction. mie datr S the reactioe, &0 3F = pioducis

Tnitisl]4) I =atied {B) ,a.[.i_q.j.u!.q

nEE M 024 M I3 e 1Sl b
1071 B A M 4« 83 molh !
QO15MY D02 M 17 <tnimolh

Wt 7% the mie equalion fof this vl
LA} REA] '

B RALR.

W A mY

@ LB




B x F 2 X 2 4 #H &

At AN 2 F E R 2 2 AE O O
# 5 $RLE (RE- A8 1 11 HE © B *ﬁﬁﬁﬁ[g_?,ﬁl RAEE

(E) none¢ of the above

19. The rate equation for the reaction, 24 + 3B — products, is found to be rate =
LA][B]. What is the molecularity of the slow step for this reaction?
(A} unimolecular '
(B} bimolecuilar
(C} sermolecular
(D} ictramolecular
(E) none of the above

D™l wa e ™ e T

20. Consider the reaction, ZA + B — products.  If the reaction is firsi order in both
A and B, whe are appropriate units for the rate constang, k?

{A) molL™

{(B) Lmol™s”

(C) mol's

(D) smol”

{E} none of the above

21. Consider the reaction, A + B — products, which has the rate equation, rate =
kfA]. The value of the rate constant is 0.15 h™*. What will be the concentration
of A after 2.0 hours if the initial concentration of A was 0.050 M?

(A 0.045 M
(B) 0.040M
{C) 0037TM
(D) 0.032M
(E) none of the above

22, Consider the reaction, A + B—s, which has the rate equation, rate =k[A]. The
haif-life for the reaction is 2.8 days. 'What is the value of the rate constant, ¥,
for the reacthon?

(A) 44"
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25. Which of the following is a typical catalyst in a biological system?
(A) HNO,
@ S
© CH,

(D) IS0,
{E} none of the above

26. Calculate the mass of excess reagent remaining ot the end of the reaction
250,40, —» 280, in whick 20.0 g of 80, are mixed with 100.0 g of O,
(ANSeBI225¢(C)67 5D TISg(E)A0 g

27. Identify the oxidizing agers in the following reaction
2MnO,” + SH,SO;— 2Mn,"+ §80,7 + 4H'+ 3H,0
(A)MnO, (B} H,50, (C) Mn," (D) 80,7 (E) '

28. 5.02 g of unknown gas is sealed ina 1.0 L flask at 37 °C and 3.75 atm. Which one
of the following is mest likely to be the wnknown
{(A) H,C (B) HBr (C) HCN (D) H,;8 (E) C,H,

29. Calculate the work dome against an atmospheric pressure of 1.0
aim when 765 mole of zinc dissolves in excess acidat30.0°C.
Zafs) + 2H'(aq) > 206 + Holg)

(A}224kI(B)249kI(C)0 (D) -252KI(E)-19.3 k]

30. Which one of the following sets of atomic quantum numbers (#, £, m, m,) 15
unacceptable?
{A) (4.3, -L12) (B)3.0, 1, -1/2){C) (3, 0,0, 1/2) D) (2, 1, 1, -1/2)
(E)(2,0,0, 1/2)
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31. How many unpaired electrons does an atom of sulfinr have?
(A)eB)1(C)2(D)3 (E)4

32. Which of the following would be the electron configuration of an excited state of
a1 OXygeh atom?

(A) 1s°2¢'2p* (B) 15°26%2p°(C) 1522p*35' (D) 1525°2p° (E) 15°28%2p°

33.  'Which ion is isoelectronic with Ar?
A F" BF (©) Br (D) Ga™ () Ca

34, Which of the following solid would have the highest melting point?
(A) NaF (B) NaCl (C) NaBr (D) Nal

35. Theﬁmﬂchmgeanthesﬂﬂnahminthemstuchnenfﬂﬂzwhichhas
one single bond and one double bond is:

AoBHO- 1D 2@ 2

36. According to the VSEPR theory, the shape of the SO, moleculs is
(A) pyramidal (B) tetrahedral () tigonal planar (D) distorted tetrahedron
(E) squaze planar

37. 'Which one of the following is a polar molecule?
{A) PBr, (B) CC), (C) BrF, (D) XeF, (E) XeF,

38. The number of atoms in a face-centered cubic unit cell is
(A IB2(C)3 (D)4 (E)8

3%. Which of ihe following liguids would have the highest viscosity at the same
temperatare? .
(A) CH,OCH; (B) CH,CY, (C) C;HOH (D) CH,Br (E) HOCH,CH,0H
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40. Which of the following solutions has the highest osmotic pressure at 25 °C?
(A) 0.2 M KBr (B) 0.2 M cthanol (C) 0.2 M Na,50, (D) 0.2 M KCl
(E)ail the same

41, The vapor pressure of water at 20 °C is 17.5 mimHg. What is the vapor pressure of
water over a solution prepared from 200.0 g of sucrose (C,,H,,0,,} and 350.0 g
water?

(A) 0.51 mmHg (B) 16.0 kg (C) 17.0 mmHg (D) 18.0 mmHg () 19.4 mmHg

42, The activation energy for the reaction Sn®*+ 2Co* — Su* + 2Co™ is 60 kl/mol.
By what factor will the rate constani increase when the iemperature
_is raised from 10 °C to 28 *C?

(A) 1.002 (B) 4.6 (C) 5.6 (D) 2.5 (E} 696

43, For achemical reaction A— C, a plot of 1/[A] versus time was found to give a
straight line with a positive slope. What is the order of reaction?
{A) zero (B) fitst (C) second (D) none of the above

44, A certain first-order reaction A — B is 25% complete in 42 min at 25 °C, What is
the half-life of the reaction? '
(A} 21 mnin (B) 42 min (C) £4 min (D) 101 min (E) 126 min

45. A certain weak acid (HA) is 1.5% fonized in a 0.25 M solution of the acid. What
is the value of Xa for this acid?
(A) 7.1 X107 (B) 1.4 x10°  (C) 1.8 x10* (D) 5.6 x10” (E) 1.5 x10”

46, A solution is prepared by mixing 500 mL of 0.10 M NaOCl and 500 mi. of 0.20
M HOC]. What is the pH of this solntion? Ka(HOCH=3.2x10*
{A) 4,18 {BY7.00 (C) 7.19 (D) 749 (E) 7.80
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47. For which type of titration will the pH be basic at the equivalence point?

{A) strong acid vs. strong base (B) strong acid vs. weak base
{C) weak acid vs. strong base (D) none of the above

43, Which of the following species has the highest entropy (S°) at 25 °C?
(A} CH,OH(@) (B) CO(m) (C) MECOJ{EJ_ (D) H,X%) (E) Nigs)

49. How many coulombs of charge are required o cause reduction of 0.25 mole of
Cu** to Cu? |

(A) 025 C (B) 0.50 C (C) 1.2x10° C (D) 2.4x10" C{E) 4.8x10° C

0.  The overall reaction 2Co™(aq) + 2CT (aq) = 2C0**(2q) + Cly(g) has a standard cell
| voltage of B _=0.46 V, Given that Cl(g) + 2¢ — 2ClM(agg E=1.36V.
Caleulate the standard reduction potential for the following half reaction: Co™(aq)
+e = Co™(ag)
(A 1B VE)OHX V0N VD12 V(E -136V
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