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2. This exam is divided into four sections. Each of which will be graded independently.
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Units, equations, etc.

1ml=1cc=1cnm 1 L-atm= 101 J

1 meter = 100 cm = 10° nanometers = 10° Angstroms

R = gas constant = 0.082 L-atm/K-mole = 8.31 J/K-mole

PV=nRT w==P_ AV q,=AH
AE= g+w AE niverse =0 AG® = AH°-TAS°® AS®,,,=AH°, /T,
AS,ni =AS,+tAS,,, Woieo=—0QAe = ItAe AG° =-nFAe® F=96,458 C mol"

Ag® = g°(cathode) - €°(anode)

RT RT
A£:A£°——Fan A£°:—Fan AG = AG°+ RT InQ AG°=—-RT InK
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Table 4-1
Solubilities of lonic Compounds in Water
Anion Soluble® Slightly Soluble Insoluble
NO3 (nitrate) All — —
CH;COO™ (acetate) Most — Be(CH;COO0),
ClO75 (chlorate) All — oo
ClO} (perchlorate) Most KClO,4 —
F~ (fluoride) Group L,” AgF, BeF, SrF,, BaF,, PbF, MgF,, CaF,
Cl™ (chloride) Most PbCl, AgCl, Hg,Cl,
Br (bromide) Most PbBr,, HgBr, AgBr, Hg,Br,
1™ (iodide) Most = Agl. Hg,l,, Pbl,, Hel,
SO3™ (sulfate) Most CaS0y4, Ag,S0.4, Hg,SO, SrSO,, BaSO,, PbSO,

S2~ (sulfide)
CO% (carbonate)
SO3™ (sulfite)
PO}~ (phosphate)

OH"™ (hydroxide)

Groups I and IL° (NH4),S
Group I, (NH4),CO3
Group I, (NH4),SO5
Group I, (NH4);:PO4

Group I, Ba(OH),

LisPO,
Sr(OH),, Ca(OH),

Most
Most
Most
Most
Most

“Soluble compounds are defined as those that dissolve to the extent of 1 g or more per 100 g water, slightly soluble as 0.01 to 1 g per
100 g water, and insoluble as less than 0.01 g per 100 g water at room temperature.
*Compounds of elements from the first column in the periodic table: Li, Na, K, Rb, Cs.

“Compounds of elements from the second column in the periodic table: Be, Mg, Ca, Sr, Ba.
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Final Exam Section 1 (questions 1-20)
1. Under conditions of fixed temperature and amount of gas, Boyle's law requires that
a. P,V,=P,V,
b. P?V? = constant
c. P/P, =V/V,
d. all of these
e. none of these
Answer: a:
comment: b is also correct. This question scored correct regardless of answer.

2. A pure sample of an iron oxide weighing 30 g is heated in a stream of H,(g) until it is completely
converted to pure iron. If the iron produced has a mass of 20 g, the percentage by mass of oxygen in the
original oxide must have been

a. 86%

b. 67%

. 33%

d. 14%

e. none of these

Answer: ¢

3. Analysis of a sample of magnesium oxide shows that it contains 4.6 g of magnesium and 3.0 g of
oxygen. If a second sample of the same oxide contains 13.8 g of magnesium, how much oxygen does it
contain?

a. 090 g

b. 1.01g
c.90¢g

d. 102 ¢

e. none of these
Answer: ¢

4. An unknown mass of element A reacts completely with 1.8 g of element B and 3.6 g of element C to
produce 7.1 g of a compound containing A, B, and C. What additional information is required in order to
calculate the unknown mass of A?

a. a balanced equation for the reaction

b. the molar masses of A, B

c. the molar mass of C

d. all of the above are required

e. none of the above is required

Answer: e

5. The ratio of the number of bismuth atoms to the number of oxygen atoms in Bi,(SO,); is
a. 1:6

b. 2:7

c.2:3

d.2:1

e. none of these

Answer: a

6. A chemist requires 0.01 mol of some liquid for a reaction. If the density of the liquid is 2 g cm™, and the
molecular weight is 100 g mol™”, what volume of the liquid should she use for the reaction?

a. 0.5cm’

. 0.05cm’

1.0 cm’®

10 cm’

oo o
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e. none of these
Answer: a
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7. Consider the unbalanced chemical equation,
Al(OH); + H,CO; -> AL(CO;); + H,O.

When the reaction is balanced with smallest integer stoichiometric coefficients, the coefficient for H,COj; is

o a0 oe
W o =

. none of these
Answer: ¢

8. Zinc sulfide (ZnS) reacts with oxygen to form zinc oxide (ZnO) and gaseous sulfur dioxide (SO,). What
mass of SO, is produced by the complete conversion of 9.7 g of ZnS to ZnO?

a. 33¢g

b. 50¢g
c.85¢g

d. 10g

e. none of these
Answer: e

9. When aqueous solutions of MgCl, and NaOH are mixed, a salt precipitates, in accord with the reaction
(unbalanced),

MgCl,(aq) + NaOH(aq) -> Mg(OH),(?) + NaCl(?)

The (?) indicates unknown phase (s, 1, aq or g). How much salt precipitates when 100 mL of a 0.30 M
solution of MgCl, is mixed with 100 mL of 0.20 M NaOH?

050 ¢

058 ¢

1.74 ¢

12¢g

. none of these

Answer: b

o a0 e

10. In comparison with core electrons the valence electrons of an atom determine most of its chemistry,
because the valence electrons are

a. more negatively charged due to their distance from the center.

b. more shielded from the effects of approaching atoms.

c. more strongly affected when other atoms approach.

d. All of these are correct.

e. None of these is correct.

Answer: ¢

11. The positive charge on the nucleus of a neutral atom is equal in magnitude to the
. atomic mass.

. total charge of the electrons in the atom.

. mass number.

. all of these.

. none of these.

Answer: b

o 000 o
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12. In which of the following atoms is the number of valence electrons equal to five?

aoos
Moz A

e. Ne
Answer: b

13. Which of these Lewis dot structures is correct?

A)

=
T

-

-
M
bt
»

== I

IniT T

I T

Ld
-

I

3T

D) H:
E)  H:C:iCiH

a. Structure A
b. Structure B
¢. Structure C
d. Structure D
e. Structure E
Answer: e

Section Number

14. The oxidation number of the bromine atom in Ca(BrO;), is

a. -1

b. +1

c.+3

d. +5

e. none of these
Answer: d

Professor Williams

15. If a solution containing 4.0 g of NaOH is exactly neutralized by 100 mL of an aqueous HCI solution,

the molarity of the HCI solution must have been

a.0.010M
b.0.10 M
c.1.0M
d10M

e. none of these
Answer: ¢

16. There are how many 3p orbitals in a given atom?

a. 1
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b. 3

c. 5

d. 10

e. none of these
Answer: b

17. There are how many 4d orbitals in a given atom?
a. 1

b. 3

c. 5

d. 10

e. none of these

Answer: ¢

18. The element with the electron configuration 1s*2s*2p®3s*3p°4s” is
a. Sr

b. Be

c. Cl

d. K

e. none of these

Answer: e

19. A single 4s orbital can hold how many electrons?
a. 1l

b.2

c.6

d. 10

e. none of these

Answer: b

20. An element has two naturally occurring isotopes. The first has an atomic mass of 100 g/mol and an
abundance of 65%, while the second has an atomic mass of 90.0 g/mol. The chemical relative atomic mass
of the element is therefore

a.78.9

b. 93.5

c. 96.5

d. 121.

e. none of these

Answer: ¢

[(0.65%100)+(0.35%90)]= 65+31.5= 96.5]
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Final Exam Section 2 (questions 21-40)
21. Things that happen spontaneously
a. increase the entropy of the universe.
b. decrease the energy of the universe.
Answer: a

22. Which of the following are generally true?

a. Intermolecular forces are weaker than covalent bonds.

b. Intermolecular forces are more directional than covalent bonds.
c. Any molecule in a gas experiences intermolecular forces.

d. All of these are valid generalizations.

e. None of these are valid generalizations.

Answer: a

23. In a solution of sodium chloride in water, molecular interactions between species arise from
a. ion-ion interactions.

b. ion-dipole interactions.

c. dipole-dipole interactions.

d. dispersive interactions.

e. all are correct.

Answer: e

24. The water vapor pressure of a dilute solution of NaBr(aq) is
less than that of a more concentrated NaBr(aq) solution.

. greater than that of a more concentrated NaBr(aq) solution.
equal to that of a more concentrated solution of NaBr(aq).

. equal to that of the pure NaBr (s).

none of these.

Answer: b

o a0 o

25. As the equilibrium state of a chemical reaction is approached,

a. the rate of the forward reaction approaches zero.

b. the rate of the reverse reaction approaches zero.

c. the rates of the forward and backward reactions approach each other.
d. both a & b are correct.

e. none of these.

Answer: ¢

For the next two questions consider the chemical reaction, at 250°C, at fixed volume.
PCl3(g) + Cly(g) <=>PCls(g).

26. The equilibrium partial pressures are Py¢; = 0.400 atm, P, = 0.500 atm, and Pps = 0.0930 atm.
Therefore the equilibrium constant K for the reaction at 250°C

a. 0.12

b. 0.47

c. 2.2

d. 8.6

e. none of these.

Answer: b

27. If the system is at equilibrium, and Ne(g) is injected it, the partial pressure of PCl; will
a. increase.

b. decrease.

c. not change.
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d. cannot be predicted
Answer: ¢

28. The conjugate base of HPOi_ is
a. H,PO,

b. H,PO,

c. PO?{

d. PO,

e. none of these.
Answer: ¢

29. For an aqueous solution at 25°C, if [H*] = 0.050 M, then [OH] =
20x 10 M

. 1.0x107'M

20x 10°M

. 50x10°M

none of these.

Answer: e

o a0 o

30. What is the pH of a 0.001 M HCl(aq) solution at 25°C?
a. 107

b. 10*

c. 4

d 3

e. None of these.

Answer: d

31. What is the pH of a 2.6 x 107" M NaOH(aq) solution at 25°C?
a. 2.8

b. 44

c. 70

d. 10.6

e. None of these.

Answer: ¢

The next three questions concern the weak base hydroxylamine (HONH,), for which K, = 1.1 x 10® at
25°C.

32. What is the pH of a 0.60 M aqueous hydroxylamine solution at 25°C?
a. 6.9

b. 7.9

c. 89

d. 99

e. None of these.

Answer: d

33. At which pH would hydroxylamine be the best buffer?
a. 6.0

b. 7.4

c. 85

d. 99

e. None of these.
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Answer: a

o : , , [HONH; |
34. At the pH specified in the previous question, what is —log w——"

[HONH, ]

a. 107
b. 7
c. 1
d. o

e. None of these.
Answer: d

35. Which of the following K, values belongs to the strongest acid?
a. 6.6x10™

b. 4.6x 107"

c. 9.1x10°

d. 3.0x10°®

e. Cannot be determined from the given information.

Answer: a

36. If an acid has Ka = 4.93 x 107", then Kb for the conjugate base is
a. 5.17x 107

b. 9.95x 107

c. 203x10™

d. 517x 10™

e. none of these.

Answer: e

37. For AgCI(s), Ky, = 1.6 x 107'°. As the pH is lowered, the solubility of AgCl in water will
a. increase.

b. decrease.

c. remain unchanged.

d. This cannot be predicted.

Answer: ¢

For the next question, consider cadmium hydroxide [Cd(OH),], for which the solubility in water at 25°C is
1.7x10° M.

38. The solubility product expression for the dissolution of Cd(OH),(s) in water is K, =
. [Cd**][OH"1¥/[ Cd(OH),]

. [Cd*[20HT?

. [Cd**][20H]

. [Cd*][OHT?

. None of these.

Answer: d

o 000 oW

For the next question, consider the following solubility product data for various chromates at 25°C:
K, Ag,CrO, = 1.9x10™"
K,, BaCrO, = 2.1 x107™"
K,, PbCrO, = 1.8 x107"

39. The chromate that is least soluble in water at 25°C is
a. Ag,CrO,

b. BaCrO,

c. PbCrO,

d. impossible to determine.

10
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e. all are equivalent.
Answer: ¢

40. The value of the equilibrium constant for a chemical reaction with two gas phase reactants is dependent
upon

temperature.

. initial amounts of reactants present.

total pressure.

. all of these (a-c).

none of these (not a-c).

Answer: a

NN S

11
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Final Exam Section 3 (questions 41-60)

41. The heat gained by a system in a process carried out at constant

pressure is

a. w
b. AH
Cc. AT
d. AE
e. AS
Answer: b

42. Which one of the following statements is true concerning the
equation below?

N, + 3H, <=> 2NH, AH,° = —460 kJ

a. The reaction of 1.0 mole of H, produces 153 kJ of heat.

b. The reaction of 1.0 mole of N, consumes 460 kJ of heat.

c. The production of 1.0 mole of NH, consumes 460 kJ of heat.
d. The complete reaction of 1 mole of H, requires 3 moles of N,.
e. All of these are true statements.

Answer: a

43. Which of the following is not a state function?

a. g
b. E

Cc. H

d. G

e. All of these are state functions.
Answer: a

44, The First Law of Thermodynamics states that

a. work and heat are interconvertable.

b. enthalpy is conserved.

c. entropy increases during a spontaneous process.
d. G, H and S are state functions.

e. none of the above.

Answer: a

45. Which of the following processes has AH > 0?
a. combustion of a hydrocarbon. (gives off heat, AH., < 0)

b. dilution of concentrated hydrochloric acid with water. (gives off

heat, AHg,; < 0)

c. melting of liquid H,0. (takes in heat, AH_.,. > 0)

d. condensation of liquid H,0. (gives off heat, AH_  gense < 0)
e. none of these have AH > 0.

Answer: ¢

comment: phrase “melting of liquid H,O” confusing, answer e also accepted.

12
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Given the following enthalpies of formation:

Species AHf® (kJ mol™)

glucose [C4H,,04(s)] —1274

CO,(9) —393

H,0(1) —286

46. What is the standard enthalpy of combustion of glucose to form
carbon dioxide and liquid water.

a. —2800 kJ mol™

b. —1953 kJ mol™!

c. =595 kJ mol™!

d. 595 kJ mol™!

e. none of these

Answer: a

47. In any process, AE,;, =

a. AE,,
b. AE . r
c. —AE,,
d. —-AE_,,
e. 0
Answer: e

Information for the next two questions: A gas is compressed from 45
to 18 L at a constant external pressure of 5.0 atm. During this
process 9.8 kJ of energy is released to the surroundings as heat.

48. The heat change g of the system for this process is
a. 135 kJ

b. -—=135 kJ
c. —9.8 kJ
d. 9.8 kJ
e. 270 kJ
Answer: ¢

49. The work w done by the system during this process is
a. 135 L atm

b. =135 L atm
c. —-9.82 L atm
d. 9.82 L atm
e. 270 kJ
Answer: a

50. For a balloon expanding against atmospheric pressure,
a. the work w done by the balloon is positive.

b. the work w done by the balloon is negative.

c. the work w done by the balloon is of indeterminate sign.
d. the balloon does no work.

e. none of these are correct.

Answer: b

13
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Name Section Number
51. Given the following AH;° values:

SiH,(9g) 34.3 kJ mol™!

Si0,(s) —910.9 kJ mol™!

H,0(1) —285.8 kJ mol™!

Also,

H,0 AH,, = 44.0 kJ mol™.

Calculate AHr° for SiH,(g) + 20,(g) <=> SiO,(s) + 2H,0(s).

a. —1517 kJ mol™
b. —1429 kJ mol™!
c. —1187 kJ mol™

d. This cannot be determined without additional information.
e. none of these
Answer: d

52. The second law of thermodynamics states that

a. Energy increases during a spontaneous processes.

b. The temperature of the universe increases during a spontaneous
process.

c. Heat and work are interconvertable.

d. At constant pressure, the heat transferred is equivalent to the
change in enthalpy.

e. The entropy of a system plus the entropy of its surroundings
increases during a spontaneous process.

Answer: e

53. For the vaporization of a liquid well above its normal boiling
point T,, the change in entropy and the change in enthalpy are related
by

a. ASvap = AHvap*T,

b. ASvap = T,/AHvap

c. ASvap = AHvap/T,

d T, = AHvap*ASvap

e. none of these.

Answer: e

54. If ASuniv is positive for a process, the process is , if
ASuniv for a process is negative, the process is , and if ASuniv
for a process is zero, the process is (For this question

nonspontaneous means spontaneous in the reverse direction).
a. spontaneous, nonspontaneous, at equilibrium

b. at equilibrium, spontaneous, nonspontaneous

c. nonspontaneous, spontaneous, at equilibrium

d. spontaneous, at equilibrium, nonspontaneous

e. none of these

Answer: a

14
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55. A process can be spontaneous at low temperatures and at high
temperatures if

a. both AH and AS are positive.

b. both AH and AS are negative.

c. AH is positive and AS is negative.

d. AH is negative and AS is positive.

e. AH is positive and AS is zero.

Answer: d

56. For the reaction below, K = 8.6x10” at T = 298 K and K = 1.09x10"°
at 398 K.
Cl,(g) + Fy(g) <=> 2ClF(9)

Assuming that AH,° and AS,° are independent of T over this range,
sufficient information is given here to determine

a. AS.,°, AH.° and AG,°
b. AS.,° and AH,° only
c. AG,° only

d. AS.,.
e. aand d
Answer: a

57. Oxidation is

a. loss of electrons
b. gain of electrons
c. loss of protons
d. gain of protons
e. none of these
Answer: a

58. Which element is oxidized in the reaction (unbalanced),
MnO,” + S0, <=> Mn®** + 5,04

a. Mn
b. O
c. S

d. None; this is not a redox reaction.
e. This cannot be determined without balancing the equation.
Answer: ¢

59. When CrOf' is converted to cr®t, electrons are by each
chromium atom.

a. 5, lost

b. 5, gained

c. 3, lost

d. 3, gained

e. none of these.

Answer: d

60. The Entropy of a system is the thermodynamic property that
constitutes a quantitative measure of the

a. heat content of the system.

b. degree of disorder of the system.

c. internal energy of the system.

d. all of these (a-c).

e. none of these (a-c).

Answer: b

15
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Final Exam Section 4 (questions 61-80)

61. For the galavanic cell shown here predict the direction of electron flow if the reactants and products are
in their standard states.

a. left to right.

b. right to left.

c¢. none (no electron flow).

d. cannot be determined.

Answer: a

Net reaction 2Ag*(aq) + Cu(s) ->2Ag(s) +
Cu**(aq); electrons are transferred from Cu(s)
to Ag(s).

Ammeter

“oppe: 62. For the galavanic cell shown here, what is

the voltage if the reactants and products are in
their standard states.

a. 1.15V
Nz b.0.45V
: c. 045V
Standard Reduction Table d-1.15V
Reaction €° e.0.80 V
Answer: b
V)
Ag® =0.80 -0.35=0.45
Br,(1) + 2¢" -> 2Br(aq) 1.06
Ag+(aq) +2e -> Ag(s) 0.80 63. For the reaction in the Galvanic cell shown
Cu® (aq) +2¢ -> Cu(s) 0.35 here, what is AG®,?
Zn** (aq) + 2¢" -> Zn(s) -0.76 a.43kJ
b.87kJ
c.—87klJ
d. 43kJ
e none of these are correct.
Answer: ¢

AG®, = -nFAg® =-2 96,458 0.45 = -87 KJ

64. For the galavanic cell above, what is the voltage if reactants are in their standard states, and the
products are 10 times more concentrated than that.

a.-042V

b.-0.39V

c.0.39V

d. 0.42V

e. none of these.

Answer: d

Ae = Ag° - [(RT)(nF)'In(Q)]

Ae =0.45 - [(8.31 J/K-mol 298 K)(2 mol" 96,458 C mol-1)"'In(10)]
Ae = 0.45 - [(2476)(19300) '(In10)]

Age =0.45-(0.0128In10) = 0.45 - (0.030) =042 V

65. For the reaction in the galavanic cell above, what is equilibrium constant?
a.e”

b.e”

c.e’

d.e"

e. none of those above

Answer: b

17
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K=exp(nFAe®/RT) = exp[(2 96,458 0.45)/ (8.31 J/K-mol 298 K)]
=exp[(86812)/(2476)] = exp35

66. The standard cell voltage of a galvanic cell is related to the standard half-cell reduction potentials (£°)
by Ae® =

€°(anode) - €°(cathode)

. €°(cathode) - €°(anode)

€°(anode) + €°(cathode)

. €°(anode) - €°(cathode)

. none of these
Answer: b

o a0 op
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67. Electrical work is given by

a. W = Qe

b. W, = -QAe
C. Weee = -Q/Ae
d. W= -Ae/Q
e. none of these
Answer: b

68. One joule per coulomb is
one faraday

. one ampere

one volt

. one watt

. one mole

Answer: ¢

0 a0 o

69. One kilowatt-hour is
a. 60J

b. 1000 J

c. 3600 C

d. 3.6x10°C

e. none of these
Answer: e

70. For a certain reaction, a plot of In [A] versus t gives a straight line with a slope of

-3.6 and a y- intercept of 8.2. The rate constant for this reaction is

Professor Williams

a. 1.8

b.-1.85s"
c. 415"
e. 3.65"
d. 8257
Answer: e
The following five questions relate to the reaction

G° coordinate versus G° graph.

71. The reactant is ___. The catalyzed transition state is
___. The uncatalyzed transition state is ___. The product is

Reaction Coordinate —
a. species a, species b, species c, species d.

b. species a, species ¢, species b, species d.

c. species d, species b, species ¢, species a.
d. species d, species c, species b, species a.
e. none of those listed above.

Answer: b

72. For this reaction: AG®is ___. AG°Fis ___. AG®Fis . AG°{ cuurysea IS .

a. f.e,h,g
b. f,he.g
c. ge,f,h
d. g.ehf
e. none of those listed above.
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Answer: d

73. For this reaction:

a. AG° >0

b. AG° <0

c. AG° =0

d. none of those listed above.
Answer: a

74. For this reaction

a. AG°F >0

b. AG°# <0

c. AG°F =0

d. cannot be determined.
Answer: a

75. For this reaction

a. AG°/ > AG,*

b. AG°/ = AG/}?

c. AG° < AG,

d. cannot be determined.
Answer: a

76. Reaction rates can change with
temperature.

. the addition of a catalyst or enzyme.
reactant concentrations.

. all of those above (a-c).

none of those above (a-c).

Answer: d

o a0 o

77. Enzymes preferentially stabilize
a. reactants

b. products

c. transition states

d.aandb.

e. none of these.

Answer: ¢

78. Enzymes increase

a. forward rate constants
b. reverse rate constants
c. equilibrium constants
d.aandb.

e. none of these.
Answer: d

79. At constant T, reaction rate constants are

a. greatest at the beginning of a reaction and decrease with time.

b. smallest at the beginning and increase with time.
c. constant throughout a reaction.

d. observed to increase and decrease alternately as the reaction proceeds.

e. No such generalizations can be made.

Professor Williams
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Answer: ¢

80. Which of the following rate laws is for a reaction that is first order in oxygen?
rate = k [NO,]

. rate = k [NO,] [O,]

rate =k [NO,] [0,

. rate =k [NO,]* [0,]%[N,]

none of these.

Answer: b

o a0 o
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