Exam 4 Question Types & Practice Exam 4
1 definitions and characteristics of systems (eas 9)
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An isolated system allows for the flow of...7

1. none of these correct
2. sound waves

3. kinetic energy

4. matter

5. heat

Explanation:

In the natural sciences an isolated system
1s a physical system without any external ex-
change - neither matter nor energy (as heat
or work) can euter or exit, but can only move
around inside.
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definitions and characteristics of state functions
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Which of the following is true of a general
thermodynamic state function?

1. The change in the value of a state func-
tion is always negative for a spontaneous re-
action,

2. The value of the state function remains
constant.

3. The value of a state function does NOT
change with a change in temperature of a
process.

4. The change of the value of a state func-
tion is independent of the path of a process.
correct

5. The change in the value of the state func-
tion is always positive for endothermic pro-
cesses.

Explanation:

A change in a state function describes a
difference between the two states. It is inde-
pendent of the process or pathway by which
the change occurs.
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thermodynamic conventions - signs/descriptions for g and W medie (Wick)
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%{C Counsider the reaction poms
OV dore

CoHia(£) + 9.5 03(g) — 6 CO, (8) + 7H0(¢)

at constant pressure. Which Tesponse is true?
1. No work is done as the reaction occurs.

2. Work is done by the system as the reaction
occurs.

3. Work is done on the system as the reaction
occurs. correct

4. Work may be done on or by the system
as the reaction occurs, depending upon the
temperature,

Explanation:
7 = 9.5 mol gas ng = 6 mol gas
For P = const,

w=—-PAV = —(An)RT,

An = ns - n; = —3.5 mol gas.

For —An, w will be positive, which in-
dicates that work was done on the system,
which progresses as the reaction progresses.
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Consider the following specific heats: cop-

per, 0.384 J/g.°C; lead, 0.159 J/8-°C; water,
4.18 J/g-°C; glass, 0.502 J/&-°C. If the same
amount of heat is added to identical masses of

each of these substances, which substance at- W/ l/\a'l' W
tains the highest temperature? (Assume that _ ce H ‘H
they all have the same initial temperature.) (L.‘?S;’U e C
44
wiReAn &y K4
1. copper lo-ej- ’Jr.e/-‘ ’

Went Capacs

2. water

3. lead correct

4. glass
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Which of the following statements is /are true
concerning the first law of thermodynamics?
I) The internal energy (U) of the universe
is conserved.
IT} The internal energy of a system plus that
of its surroundings is conserved.
III) The change in internal energy (AU) of a
system and its surroundings can have the

sarne sign.
1. I, IT correct
: Explanation:
2. I only Statement I and IT are true; the first law
3. II. III states that the internal energy of the universe
’ is conserved and since the system plus the
4. Tonly surroundings is the universe, their sum is also
conserved. Statement 11T ig false; for example,
5. L III if both the system and its surroundings had
’ a positive change in internal energy, then the
6. II only internal energy of the universe would have

increased or decreasesed - in violation of the
A I, II, III first law.

Iq
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1.95 mol of an ideal gas at 300 K and 3.00
atm expands from 16 L to 28 L and a fina]
pressure of 1.20 atm in two steps:
(1) the gas is cooled at constant volume
until its pressure has fallen to 1,20 atm, and
(2) it is heated and allowed to expand
against a constant pressure of 1.20 atm un-

til its volume reaches 28 L.
Which of the following is CORRECT?

1. w = 0 for the overall process
2. w = —6.03 kJ for the overall process

3. w=—4.57 kJ for (1) and w = —1.46 kJ
for (2)

4. w = 0for (1) and w = —1.46 kJ for (2)
correct

9. w = —4.57 kJ for the overall process

Explanation:

For step (1): If there is no change in volume,
w=0.

For step (2): For expansion against a con-
stant external pressure,

w=~LB AV
=(-12atm)(18L -6 L)
x (101.325J - L1 . atm™1)
= ~1.45908 kJ.

The total work done by the system would
be the sum of the work for each step.
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A CD player and its battery together do 500
kJ of work, and the battery also releases 250
kJ of energy as heat and the CD player re-
leases 50 kJ as heat due to friction from spin-
ning. What is the change in internal energy of
the system, with the system regarded as the
battery and CD player together?

1. —800 kJ correct
2, +200 kJ
3. —200 kJ
4. —-700 kJ

5. —750 kJ

Explanation:
Heat from the CD player is —50 kJ.

Heat from the battery is —500 kJ.

Work from both together on the surround-
ingsis —250 kJ.

This question is testing your ability to see
what the system is, and then look at ONLY
the energy flow for the system. Here the sys-
tem is the battery and the CD player together.

AU =g+w
= [-50 kJ + (—250 kJ)] + (—500 kJ)
= —800 kJ
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The specific heat of liquid water is 4.184
J/g°C, and of steam 2.03 J/g-°C. The heat
of vaporization of water (¢) is 2.26 kJ/g and
its boiling point is 100°C. What is the total
heat flow when 18 grams of water at 12°C are
heated to become steam at 109°C?

1.44.4%]

2. 47.6 kJ correct

3. under 28 kJ

4. 489 kJ

5. over 55 kJ

6. 31.7kJ

7.40.7kJ
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Explanation:

88  step 1

1 18 g
H20() 2" g,0(¢) 52,2
12°C 106°C

18g g 18¢g
H20(g) step,3 H20(g)

100°C o
op 1; L1847 (18 ¢) - (100 . 109°C
F 2o C g) - (100 - 12)°C
; = 6,627 J
2.26 k 1000 J
Step 2: . (18
P g 188 3
= 40,680 J
2.037J
Step 3: 2°C - (18 g) - (109 - 100)°C
=320]

Total = 6627 J + 329 J + 40,680 J

= 47,636 J = 47.636 kJ



9 interpreting potential
ener ' i
5 gy (Rxn coordinate) diagrams 2+,
e W an Mray ?/a{:.le ﬂ‘d e E o Swraw‘effﬂaq&
Note we dat cove aboul TZe /\/‘\/\ palt

E SE‘"""_ 't‘” lC-r\e‘l"-' LS T Yie S5 mg
DE =& end
| = end- ot |
T

009 10.0 points
Refer to the potential energy diagram shown
below.

350 T‘

T 300

250

Energy (kJ)

—

—
Reaction progress
What is the change in enthalpy (AH } for
the reaction
A—B?

Explanation:
1. +50 kJ, endothermic correct AH; = AHp =250k]
AH; = AHg =300 kJ

2. =50 kJ, exothermic AH = AH: — AH
. i i
3. +50 kJ, exothermic = 300 kJ — 250 kJ
=50kJ
4. —250 kJ, endothermic Notice that AH is positive and therefore the

5. —150 kJ, endothermic reaction is endothermic.
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Which of the following is NOT a feature of the

bomb calorimetry apparatus used to measire
the internal energy of a reaction?

1. The heat capacity of the calorimeter
should be known to accurately correct for any
heat lost to it.

2. The thermometer is inserted directly into
the reaction vessel to measure AT of the re-
action. eorrect

3. Large quantities of water surrounding the
reaction vessel absorb the majority of the heat
loss.

4. The volume of the reaction vessel is
held constant to eliminate cnergy released as
work.

5. The large heat capacity of water is benefi-
cial in measuring heat released by combustion
reactions.

Explanation;
The thermometer is placed in the water
that surrounds the reaction vescal



11 calorimetry calculation med i

AUSUIS - —LAMSMA&/ =

CHLO) CC“G""‘i’“

¢ two

— C’W\ CAT + CAT

edov:

borng AT tuice
Val/u-g

6 Convest g —> ~L To groms

& M,\,_Q angwey oo Fw amowt | ke d/cJ«mTas

011 10.0 points

A 1.00 g sample of n-hexane (CsH14) under-
goes complete combustion with excess Os in
a bomb calorimeter. The temperature of the
1502 g of water surrounding the bomb rises
from 22.64°C to 29.30°C. The heat capacity
of the hardware component of the calorimeter
(everything that is not water) is 4042 J/°C.
What is AU for the combustion of n-CgH147
One mole of n-CgH4 is 86.1 g. The specific
heat of water is 4.184 J/g-°C.

1. —~1.15 x 10* kJ/mol
2. —4.52 x 10° kJ/mol
3. —7.40 x 10* kJ/mol
4. —5.92 x 10® kJ/mol correct

5. —9.96 x 10° kJ/mol

Explanation:
MGeHy = 1.00 g Myater = 1602 g
SH = 4.184 J/g-°C HC = 4042 J/°C
AT = 29.30°C — 22.64°C = 6.66°C

The increase in the water temperature is
29.30°C — 22.64°C = 6.66°C. The amount of
heat responsible for this increase in tempera-
ture for 1502 g of water is

. J
q = (6.66°C) (4.184%_76) (1502 g)
~ 41854 J = 41.85kJ

The amount of heat responsible for the warm-
ing of the calorimeter is

g = (6.66°C)(4042 J/°C)
— 26920 J = 26.92 kJ

The amount of heat released on the reaction
is thus 41.85 kJ + 26.92 kJ = 68.77 kJ per g
of n-hexane.

Per mol of n-hexane, this becomes

(68.77 E) (86.1 i) = 5921 kJ/mol
g

mol
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Which of the reactions below is a formation
reaction?

3
1. H2(g) + Cgra.phite(s) + 502 (g)
— CO2(g) + H20(g)

2. 2Hs(g) + 2cgra.phite(s) + O2(g)
— 2CH20(£)

3. 2Fe(s) + %02(g) — FepO3(s) correct

4. No(£) + 2Ha(g) — NoHa(2)

Explanation:

A formation reaction produces exactly one
mole of one product from elements in their
standard states.
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3. —935 kJ - mol ™!
4. —243 kJ - mol™!

5. —59kJ - mol~!

NoHy(£) + 3 Ha(g) — 2Ha(g) + 2 NH3(g)
N2Hy(€) + Ha(g) — 2 NH3(g)

a sm~ll irteser~
AH = —151.2 kJ/mol
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Estimate the heat released when ethene
(CH,—CH,) reacts with HBr to give

H,CH,Br.
CH,CH,Br Explanation:
H H
1. 200 kJ/mol H\C_C/H+H—B g |
2. 76 kJ/mol correct H/  MH ' - | —?_Br
H H
3. 1036 kJ/mol
AH = Z Ebreak - Z Emake
4. 424 kJ /mol = [(c=0)+ (H—Br)]
5. 470 kJ /mol - [(c—m) +(Cc—Br) +(Cc—0)]
= (602 kJ/mol + 366 kJ/mol)
~ 413 k3/mol -+ 285 kJ /mol
+ 346 kJ/mol]
= —76 kJ/mol,

s0 76 kJ/mol of heat was released.

73
- “T8 /0\943
H-tga-’} o=0 /%y
l~—1 %30 .
g7 €3
H
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Consider a reaction that is non-spontaneous S'J'M Fa g l,o,+l\
at all temperatures, What would be the signs
for such a reaction? K
’Qe,(_d«—:e th ")1' Lo
1. +1 ] +
[ lvuz_, A IWen
2. -, +, -
A’McL (%] @
3. +, -, - correct "-\Q, . a clm
4o+ + Soved T clue
5.+, +, +
Explanation:

For a reaction that is non-spontaneous at
all temperatures, the free energy of the system
will increase and the entropy of the universe
will decrease. Such a reaction must be en-
dothermic, and the heat it gains will be lost
from the surroundings.
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Which one shows the substances in the de-
creasing order of their molar entropy?

1. C(s), Hz20(6), H20(g), H20(9)

2. H,0(g), H20(£), H20(s), C(s) correct
3. None of these

4. HyO(s), H20(£), H20(g), C(s)

5. C(s), H20(g), H20(¢), H20(s)

6. C(s), H20(s), H20(£), H20(g)

Explanation:

Qases will have a higher entropy than lig-
uids so we expect HaO(£) to have the lowest
molar entropy. The gases will increase in en-
tropy in the order Ne(g) < Ar(g) < CO2(g)-
Ne and Ar are both atoms so they should
have less entropy than a molecular substance,
which has more complexity. Ar will have
a higher entropy than Ne because it has a
larger mass and more fundamental particles.

The correct order is

H,0(£) < Ne(g) < Ar(g) < CO2(g).
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Consider the following p]f;(:::ass:s. (Treat all A 4 g@ Lf%
gases as ideal.) ? 1

I) The pressure of one mole of oxygen gas
is allowed to double isothermally.

I1) Carbon dioxide is allowed to expand
isothermally to 10 times its original vol-
ume.

III) The temperature of one mole of helium
{s increased 25°C at constant pressure.

IV) Nitrogen gas is compressed isothermally
to one half its original volume.

V) A glass of water loses 100 J of energy
reversibly at 30°C.

Which of these processes leads to an increase
in entropy”?

1. IlTand V
2. Tand II

3.1and IV

4.V

5. IT and III correct
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What is the entropy at T'= 0 K for one mole
of chloroform (CHCl3)?

1.19x 1078 JK!
2.1.38 JK!

3.11.5 JK! correct
4. -11.5J K1

5.0JK!

Explanation:

Since the question is concerned with the
residual entropy of a mole of chloroform,
which as 4 orientations, we can use the Boltz-
mann equation to calculate the residual en-

tropy.
S=N,klnW=Rln4=115JK!



19 stat thermo internal energy  medrun

Remtembrs @ each atam = 3 modes x LT = 2 kT kbunetic eresy
o Qach mo[ﬁcJ{ < %:[:T A H atomns cj{ e rs “
o ,e,\/ew-] VMO-‘QQJQ Lta-—: %hT dﬁmsle\‘]‘.m + "%_— kT /‘J\‘od‘.m
Y l-e,("f" ovev Landv( g A \/,é/‘m"hm

Frople Swnbs CHC hao  ZET bl + FETrokbn povimrd-b

CMIIJTZJ

X SN/ __XSM o-J{_'-SKT
..——-'——_'—-—-—___3 — — .
IS T = LSET +ASpwvT= 5K or
+7romslatim ° aud rotatim
019 10.0 points *1-0 0_\6”46"’
What is the total non-vibrational internal en-
ergy of 10 nitrous oxide (N20) molecules?
1.15k T
2.10kT
3.25k T correct
4.10RT Explanation:
5.95R T 10 molecules times g k T total translational

energy per molecule is 32—0 k Tis 15 k T.

Since nitrous oxide is a linear molecules, its
rotational energy is 10 molecules times k T is
10 k T. The total non-vibrational energy is 25
kT.
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Advertising claims sometimes state that
adding something mechanical to a car’s en-
gine will allow it to recover 100% of the en-
ergy that comes from burning gasoline. You
should be skeptical of such claims because
they violate the

1. first law of thermodynamics.

2. activation energy requirements of all
chemical reactions.

3. law of conservation of matter.

4. second law of thermodynamics. correct

Explanation:

If you burn gasoline in an engine to move
a car, you are ultimately converting chemi-
cal potential energy into kinetic energy. But
much of this energy is lost as heat. There is
NO way to make any energy conversion 100%
efficient. T
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Calculate ASS,,, at 298 K for the reaction

6 C(s) + 3 Ha(g) = CeHs(8)

AH? = +49.0 kJ-mol™' and ASy = —253
JK Lmol ™t

1. — 417 3K tmol ™

2.-1641 K~l-mol ! correct  Explanation:
AH® = 49000 J - mol ™} T =298 K
3. 1253 JK~L-moi™? '
ASO — qS_‘llIl frd —_—q- _— _AHI?
surr T T ~— 298K
_ —(+49000J -mol 1)

208 K
— —164.43J-K~!-mol!.
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022 10.0 points Explanation:

For the evaporation of water from an open The process is spontaneous, which means
pan at 25°C, the values of AS for the water, ASuniverse > 0 according to the Second Law

the surroundings, and the universe must be, of Thermodynamics.
respectively, Entropy (S) is high for systems with high
degrees of freedom, disorder or randomness
1. positive, positive, positive. and low for systems with low degrees of free-

dom, disorder or randomness.
2. positive, negative, zero.
P ’ ’ S(g) > S(6) > S(s)
. f these is correct.
3. None o The system is
i ative, negative.
4. negative, neg ) 11eg Hy0(¢) - H0(g)
iti i itive. correct
5. positive, negative, pos 50 ASgystern > 0.
The entropy of the surroundings must be
negative. Energy is removed from the sur-
roundings to get the water to evaporate.
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relating reaction spontaneity to T for chemical reactions

Fn a be able To vy
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For the reaction

2803(g) — 2502(g) + O2(g)

AH? = +198 kJ-mol ™" at 208 K. Which state-
ment is true for this reaction?

1. The reaction is driven by the enthalpy.

2. The reaction will not be spontaneous at
any temperature.

3. The reaction will not be spontaneous at
high temperatures. '

4. AG? will be positive at high tempera-
tures.

5. AG? will be negative at high tempera-
tures. correct

note l’le-)d]ﬂ-f-é

Explanation:

AG = AH — TAS is used to predict spon-
taneity. (AG is negative for a spontaneous
reaction.) AH is positive and T is always pos-
itive. For the reaction 2 mol gas — 3 mol gas.
The more moles of gas, the higher the disor-
der, so AS is positive and AG = (+) = T(+).
For AC to be negative, T must be large.

low T ( <(00°C)
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P CsHia(£) +802(g) —

What is AGY for the combustion of liquid 5 COa(g) + 6 H20(4)

n-pentane?

AH = [5 (—304) + 6 (—286)] kJ /mol
1. 3389 kJ /mol

- [1 (—174) + 8 (o)] kJ /mol

2. —383 kJ/mol — -3512 kJ/mol

3. 383 kJ/mol and

AS = [5(214) + 6(70)] 3/mol - K AG =AH - TAS

. [1 (263) + 8 (205)] J/mol - K = —3512 kJ/mol
5. —451 kJ/mol 413 J/mol - K — (298 K) (~0.413 kJ/mol - K)
= —3389 kJ/mol

4. —3389 kJ/mol correct

6. 451 kJ/mol = —0.413 kJ/mol - K
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predicting compound stability from AGf
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Counsider the date below r

allotropes of carbon.

carbon allotrope

egarding different

AG?
kJ - mol~!

C(s, graphite)
C(s, diamond)

Ceol(s, buckminsterfullerene)

0
2.9
24

Which of the following

ported by these data?

statements is sup-

1. Cgp is thermodynamically more stable
than graphite under standard conditions.

2. Graphite could spontaneously form Cg,

under standard conditions.

3. Formation of graphite from Cgy would be
exergonic under standard conditions. cor-

rect

4. Diamond is the least thermodynamically
stable allotrope of carbon under standard con-

ditions.

Q= Yy . -
D7 md 2o 46"; :+3kd/m°!€’
S0 wot S""‘E’lf

5 q 3
AGe =+
;:t* staole K3
So S““gtf





