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- SECTION 1: EQUILIBRIUM

For questions 1 — 11 consider the following three reactions a1 298 K.
.
'l j_ r;’f]‘ﬂ!] _J?EE
L gsnl[g)...jﬂlfg}+25{s} K=0225 AH" =+ 79] kJ rro o &
1L S(s) + Oy(g) « SO:(g) K=225  AH'=-270kl 2

— % s
u:.zsn,Fgl E&{g}+ 2 50; (g) . %ﬁﬁ}-};ﬁr?ﬁ.”lﬁ
1.) What is the equilibrium constant for a mixture of O, SO, and S0; gas (rxn. 1II)? o

A) 75.5 2804 =¥ 30z + 25 kso2ep !‘Fﬂlg}: L e £
12 ' 250 & " Y
@-1 x 10* e g o K vm%?ﬂl Al
25x%10? 200, &
0.775 S Qa 290,

is the value of the equilibrium constant for rxn I if at equilibrium the flask contains 0.236
atm S0, 0.500 atm O, and 0.01 g Sulfur after a temperature change.

_ B 625x 107
~~ §))2.24
3.) at change has occurred if the value of K for rxn 1 is found to be 0.5527
{ \n increase in temperature. e
A decrease in temperature.
C) An increase in pressure. 1] o ey

[1} An increase in volume.
(E) Jannot be determined.

4.) Which is a suitable expression for the reaction quotient for the formation of SO from the

elements?
A) P(0y)/ P (50y) e
B} P(oy) P* {50,/ P(s) Fa,

Pioy) / PP (SOyP(S)
(S0;)/ P(0)
Nothing can be said with the information given.

5.) What is AH" for reaction I1I7

K

51 kJ
C) 1.7x 10°kJ
D) SkJ
E) 76 kJ
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6.) Which is the best arrangement of the relative enthalpies of formation of compounds O, SOs, and

50,7 -
; | Eﬂ'i = —-a?_rr
By v o

r = ~210
= 0y Oy 80y, SO, 8O . 'y
AH
—— 80y 80, 80; 850y O
S0: 80s 0 0O 80,

Tﬂis the best prediction of AS” for reaction 1 at 298K7

- 0
“=0 E‘:H@I A" = T

B) AS" =0

C) AS' <0 b

D) AS" <0

E) AS' >0

8.) What can you say about reaction I at 298 K?
It is exothermic.
It is spontaneous.
t 15 not spontaneous.
It is at equilibrium.
It releases heat

9.) The correct plot for InK vs 1/T for reaction 1 would pass through which pair of points (fill in both
points on scantron sheet)?

« B (p) b
) 2

72 '“

0.) Frqin which of the following starting conditions would it be impossible for equilibrium to be
Aachgeved for reaction 117
50, (g).

A mixture of S0, (g), O; (g), and S (s).
€ A mixture of SO, (g) and O (g).

! Pure Oz (g) and S (s).
uilibrium can be achieved from any of these starting conditions.
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11.) Which occurs when adding S (s) to the equilibrium described by reactions I, I and 1117

A} A decrease in the pressure of SO5(g).
B) A decrease the pressure of SO:(g).
C) An increase in the value of the equilibrium constant.
An increase in the total pressure of the system.
o change in the equilibrium.

P

e .-.—rr-: _.,., “' = :rrr‘rd-q-_“‘ o=y
ﬁ ! 1 tj.. ak 4--- - -. '..'ﬁt g 11. g}b-‘.‘

T Coum

12.) For the reaction

A(l) +2D(g) — 3X(g) + Z(s)
having AG" = -2400 kJ at 25°C, the equilibrium mixture
A} will consist almost exclusively of A and D.
will consist almost exclusively of A and Z.
will consist almost exclusively of X and Z.
) will consist of significant amounts of A, D, X, and Z.
E) has a composition predictable only if one knows T and AH" and AS".

13.) The equilibrium constant for the reaction below at 25°C is 4.8 x 10, Calculate the equilibrium
concentration (mol/L) of Cl; (g) if the initial concentration of IC1 (g) is 1.33 mol/L. There is no

Iz or Cl; initially present.
e o TRy M R
)+ Iifg) + Cla(g) (zer (=
-+ . 4y - A
9x10” TR0 ja3—=
58x 107 ity 3
€) 32x10° R=<9| »|4d
D) 6.4x10°
E) 343
14.) Which of the following equilibria, will shift to the left in response to a decrease in volume?
Hi(g) + Cly(g) +~ 2 HCl{g) ' .
2 SOy(g) — 2 SOu(g) + Os(g) Pewer mels
N:(g) + 3 Hz(g) « 2 NHa(g)

D) 4Fels)+3 Oxg) ~ 2 Fes0x(s)
E) 2HI(g) = Ha(g) + L:(g)
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15.) Consider the following reaction at equilibrium:

2C0s(g)  2C0(g) + Ostg)” © AH" =514 kJ

How can the yield of CO{g) be maximized 7
) at high temperature and high pressure
at high temperature and low pressure
at low temperature and low pressure

at low temperature and high pressure
E) in the presence of solid carbon

16.) Which is true for every reaction if the temperature is raised?

Chemical reactions favor products.
B) Chemical reactions favor reactants.
C) No change is observed.

Equilibrium constants increase.
one of these.
For the following three questions, consider the equilibrium PbS0y, (5) «+ sz' (ag) + S04 = (ag)
which has a Ko, = 1.6 x 10® a1 208 K Bopt
17.) What is the concentration of lead ions in water (M) when solid PbSO, is present?

1.6x 10"
3xi10*
) 1.0

D) 1.1 x10°
E) 22.5

18.) Whatlsﬂll:mm:nmnnn of lead ions (M) in 0.01 M NaSOy (Kg ~ 10%) when solid PhSO, is
: il (geirr)r= Lbéxlg™

C) 1.0
D) 1.1 x 10*
E) 22.5

19.)_ What is AG" for the dissolution of lead sulfate ar 298 K (kl/mol)?

e =T

C) 5.9 AGe=-ETnk ’
D) 1.1 x 10 - _.g-:mr,nlﬂ 51 {-ﬁu‘} hl'i.a}

B 23xe’
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SECTION 2: PHASES OF MATTER
For the following questions consider the phase diagram for water below.

' P
P3

P2
Pl

T T2 T3 T

20.) At which point are gas, liquid and solid all in equilibrium?

A) (T2, P2)

P1)
“C)ATL, P1)
D) (T3, P1)
E) (T3,P3)

21.) Amow I corresponds to:

A) Constant pressure
B) Equilibrium
Sublimation
Condensation
) Melting
22.) Along the curve containing the points (T2, P2) and (T3, P3):

A). Solid, liquid and gas are all in equilibrium.
iquid and gas are in equilibrium.

C) The vapor pressure is constant.

D) The gas cannot be condensed at any pressure.

E) Only the solid phase is observed.

23.) At the point (T2, P3) the substance is:

A] In equilibrium between liquid and gas.
¢ B)A liguid.

C) A gas.

D) A supercritical fluid.

E) A solid.
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24.) Which is true at lemperatures above T37
&) Solid, liquid and Bas are all in equilibrium.
Liquid and gas are in equilibrium,
<F-he vapor pressure is constant.
ﬁ’ ® 25 cannot be condensed at any pressure.
Only the solid phase is observed,

23 - Which intermolecular force predominates in the condensation of water?
l’H-bonding
B) Van der Wals
C) London
D) Ion-Ton

AHuniverse
E) AHsurroundings
27.) Which is true of the entropy of the universe?

A) conserved.
Bl continually decreasing,
Cg)cnntinually increasing,
) equal to zero.

E) equal to the energy, E.

28.) Which is a state function (mark all that apply)?

flame heating,
enthalpy.
entropy.
electrical work,
E) none of these,

29.) What is the change in the internal energy (in J) of a system that releases 1000 I of heat and
does 225 J of work on the surroundings?

AL -10,155 AU=qg+w
1225
715 L0y ott
D) 775

E) 1225
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30.) t do you expect the temperature change to be for the rapid, adiabatic compression of a gas

om 1.0 atm to 3.0 atm? o ~ e O aY
— E""I,IH'I r i =
10K "ﬁ; - i
100K ‘
f T
: C) 0.001K tijh ool e,
By -100K NPRCRCN g
E) -0.001K ds

31.} A bar of hot metal is placed in water in an insulated container and the two are allowed to reach
thermal equilibrium. When1.0 kg of metal at 100°C is placed in 2.0 kg of water, the temperature
bath raises from 20°C to 25°C. What is the specific heat capacity of the metal (Jig K)?

5 M €T = . CAT

B) 1.5 Okg v4¥NT (5
C) 0.22 ¢ A TNMRRE . BV )
g; 2“525 Mot £ ‘mﬁ {95

32.) Which is the best estimate for the boiling point of benzene ("C) given that AH" of vaporization
18 31 kl'mol and AS® of vaporization is 90 J/'mol K7

o AH®
A) 25 o e - 5
45 MK T
@’g a3 S
E) § T T ﬂr:yllﬁ_’_ s

33.) Which is the first step in a realistic experiment to determine the entropy change for a chemical
reaction?

A) Measuring AH".
H) Counting the microstates.
)4 ting the change in microstates,
Heasuring how the K varies with temperature,
=+ The entropy change cannot be measured for chemical reactions.

34.) The value of AH" for the following reaction is -3351 kJ.
2 Al(s) + 20x(g) — 2ALOs(8)

What is AH" for the formation of 75.0 g of Al;Ow(s) (kI)?

AJ '2.51110T 1 5 —=35] T
B) -1.26 x 10° LD - Fghie ! L 2 AL i
-2460 ﬁnh.%[j 2 ) Akl
230
E) +3351
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30.) Vhat do you expect the temperature change to be for the rapid, adiabatic compression of a gas

om 1.0 atm to 3.0 atm? = s ) ar
—a E""I,IH'I r = =
10K "ﬁ; - »
100K L
R
C) 0.001K E:. il g
B} -100K e~ 75
B} 0.001K .

31.}) A bar of hot metal is placed in water in an insulated container and the two are allowed to reach
thermal equilibrium. When1.0 kg of metal at 100°C is placed in 2.0 kg of water, the temperature
bath raises from 20°C to 25°C. What is the specific heat capacity of the metal (Jig K)?

5 M CAT = . CAT
B) 15 i

kg v 4847 (5
C) 0.22 g o= Mg cdl . Ok 5 )
D) 25 L e T T
E.:: R { &7 okq (75)

32.) Which is the best estimate for the boiling point of benzene ("C) given that AH" of vaporization
15 3] kl'mol and AS® of vaporization is 90 J'mol K7

o AH®
A) 25 P e
45 TN K y
@; a3 T
% : g Mh'%lf’mul

33.) Which is the first step in a realistic experiment to determine the entropy change for a chemical
reaction?

A) Measuring AH".
H) Counting the microstates.
)4 ting the change in microstates.
Heasuring how the K varies with temperature,
-+ The entropy change cannot be measured for chemical reactions.,

34.) The value of AH" for the following reaction is -3351 kJ.
2 Al(s) + 304(g) — 2ZALOs(s)

What is AH" for the formation of 75.0 g of Al;O4(s) (kJ)?

AJ 251 x lﬂT 1 5 —=35] kT
B) -1.26 x 10° TS0y iy 2
-2460 llc'llqb[j 2 el ﬂ-'l.rﬁa
230
E) +3351
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33.) Which of the following has a non-zeron AHf™?

(1) .
) C{graphite)
C) Na(g)
D) Fig)
E) Chig)

36.) Which one of the following processes is endothermic?

A) 2H:(g) + Os(g) — 2H;0(g)
B) H;O(g) — HO(1)

éi CHalg) + 20:(g) — CO(g) + 2H:O(g)

H;O(s) — H20(1)
2Al(s) + FezOu(s) — Al;Os(s) + 2Fe(])

37.) Which is true for the following reaction under standard conditions?

AH™ 15 137 kJ and AS" 15 120 JVE. '

57 -\20 T
A} spontancous at all temperatures v
ﬁ’;.... at high temperature Cpon. (® b {]'n . “
spontanecus only at low temperature \F
D) not spontaneous at all temperatures
_"ﬁ&* cannot be determined

3B.) Given the following

Substance | AH"fk)/mol)
S5Ou(g) -297
S04(g) -396

S0;Clxg) -364

Ha8504(1) -814
H2O(1) -286

Calculate the amount of heat (in kJ) evolved when 11.25 g of S0; reacts according to the
equation;

N 259 L L]

S0:(g) + Cla(g) — S0:Cli(g) by 01g m
= - - ¥ L] 5
A) 100.5 b ./ B8
B) 8550x 10°
E—47.5
(DL has
Insufficient data are given.
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39.) We have seen many times in lecture that heat is given off in the combustion of hydrogen gas.

: ‘ﬁfhilchafﬂwfulluwingismpumihlcfmﬂmhcﬂ? o0 {,_35! +He 0
} Breaking H-H and 0-0 bonds. B3 oeD dffe H-0-H
Breaking O-H bonds.

» orming H-H bonds and O-0 bonds.

orming O-H bonds.

) Condensation of the water formed.

40.) What can you say about the reaction if the ratio of the C=C double bond strength to the C-C
single bond strength is less than two?

. (E &
o
- C\ \"c
o ittt 74
i, O . 8 SRl
o, g C C‘x ;’E
e e c s
Jrrﬂ't.‘?_dwu.l 'L:-awi_g X 4 ?-“'"*";Lf b
he reaction is exothermic. ©E
reaction is endothermic.
The reaction is spontaneous.
D) T he enthalpy change is about zero. \ doulbll lod WeaKLe +han 2 rn-.fk?
bond € bokin — bonds frvnad
|L11‘tﬁ'_\r'|. { -|;"_
&
2re-
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