Chemistry 1A, Fall 2006

MName:

Midterm 3, Version A
Nov 14, 2006

(90 min, closed book)

SID:

GSI Name:

e  There are 24 Multiple choice questions worth 3.75 peints each.

e There are 5 short answer questions.

e For the multiple choice section, fill in the Scantron form AND circle your answer
on the exam.

= Put your final answers in the boxes provided. Answers outside the boxes may not
be considered in grading.
e The homework and chemquizzes that each question is based upon is listed after
the question e.g. [HW 1.13, CQ 7.3]

Question | Page Points Scare
Question 25 - 27 | 8 13

| —
Question 28 9 12
(Question 29 10 25
Total 50
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NOTE: 1) All thermodynamic variables refer to the system unless otherwise stated.
2) The symbol "+ " will be used to denote potential equilibrivm reactions,

For questions 1 — 6 consider the following three step process shown on the PV diagram
for one mole of an ideal gas mnitially at 1 atm pressure and 273K.

Step I: The gas expands isothermally from 22.4 L to 44.8 L (point 1 to 2 on the PV
diagram).

Step II: The gas is cooled and compressed back to its original volume (point 2 to 3 on the
PV diagram).

Step I11I: The gas is warmed back to its original pressure and volume (point 3 to point 1
on the PV diagram).

P

?\\

step lIIl N\step |
=

TS,
step 11
WV
1.) Which is true of the gas for step 1? [CQ 23.1]
AYAT =0 B)yAT=0 C)AT <0 Dg=0 - E)noneof these
2.)  What is the temperature (K) of the gas at point 37
A)273 B) 4235 Cy373 D) 137 E) 57

3.)  Which is true of the gas for step 17 [CQ 23.1]

A}  Work is done on the gas with no heat transfer.
B} The gas does work with no heat transfer.

[C) The gas does work and absorbs heat. |
D)}  Work is done on the gas and it releases heat.
E) Cannot be determined.
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Which is true of the gas for step II? [HW 6.5]

A)  Work is done on the gas with no heat transfer.
B) The gas does work with no heat transfer,
() The gas does work and absorbs heat,
[ D) Work is done on the gas and it releases heat. |
E) Cannot be determined.
5.) Which is true of the gas for step IIT? [HW 6.11]
| A) Heat is absorbed and no work is done. |
B) Heat is released and no work is done.
C) Heat is absorbed and work is done on the gas.
D) Heat is absorbed and the gas does work.
E) Cannot be determined.
6.3  Which is the correct arrangement of the three poimts (1, 2, 3) in the PV diagram
from highest to lowest internal energy E? [CO 23.1 HW 6.5]
A) 3=2=1
B) 3=2>1
C) 1>3>2
(D) 1=2=3]|
E) 1>2=3
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For questions 7 — 16 consider the following table of data for reactions among two
unknown diatomic molecules X; and Y.

Rx

n | Reaction K (equilibrium)
Number

Temp
(K)

2 XY (g) — Xa(g)+ Y2 (g) 377

300

32

| 500

| 3

1000

11

X, (g) = 2 X (g) 1.0x10°

1000

T 1.7x 107

1200

Ml | Ya(g)=2Y (g) 3.4x%107

1000

7.

Which reaction(s) in the table are spontaneous at 1000K starting from the standard

state? [CQ 31.1 HW 9.15, 9.101]

11

111

All three
MNone

Which is true of AH® for reaction 117

AH® >0 |

AHP =0
AH® <0
Cannot be determined from the information given.

Which is true of AS® {or reaction 11?7 [HW 7.29]

AS® =0 |

10.)
A)
B)
C)

AS® =10

AST <0

Cannot be determined [rom the information given.

What is the value of AG® (kJ) for reaction IIT at 100017 [HW 9.15]
33

.45
22

E)
1)

A)
B)

-11
Which is true of reaction 17

AH®=0
AH" =0

1C)

AH® <0 |

D)

Cannot be determined from the information given.
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12.) Which is the best plot of AG® vs. T for reactions I and III (reaction 11 is the solid
line, reaction 111 is the dotted line)? [CQ 31.2, 9.101]

N \ s, [
N X[ N~

A) B) ) D) E)

13.) What is the value of K (the equilibrium constant) at 1000K for the reaction:
XY (g) ~ X (2) + Y (2)? [HW 9.25]

A) 41x107
B) s5x107"
¢y 7.0x10°
D) L2zl
E) 23x10°

14.) Which is true for reaction Il at 1000K when | atm X; and | atm X are present?
[HW 9.17, CQ 31.1]

Al K=1

B) AG =1
D) Q=K
E) Q<K

15.) For which partial pressure of X atoms is AG = 0 at 1000K for reaction IT when 1.00
atm of X- is present [HW 9.17]7

A)  1.00 atm

By 2.00atm

) L1x10 atm
[D) 32x 107 am]|
E) 34x107atm

16.) Which is true for the relative bond enthalpies X-X and Y-Y? [HW 9.39]

[A) XX>Y-Y |
B) X-X=Y-Y
0) X-X<Y-Y

D) Cannot be determined from the information given.
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Consider two compounds in their gas phase: ethanol (CH:CH;OH) and dimethyl ether
(CH:OCHS;3) and their combustion in oxygen to form carbon dioxide and liguid water for
questions 17 - 27. Unless instructed otherwise, you should use standard enthalpies and
Hess's Law to calculate enthalpies of reaction.

Compound Abbreviation AH ¢ (formation) AH"; (combustion)
| | (k}/mol) (kl/mol)
| ethanol (g) EtOH -1271
(CH.CH>0H) \ 5
dimethyl ether (g) DiMe -1328
fCHa{:}CHj} i
carbon dioxide (g) -394
(COy) . '
water (1) (H2Q) | | -286

17.} What is the coefficient of O, in the balanced chemical reaction for the combustion
of one (1) mole of dimethy] ether?

B)2

C)3

D) 4

E)S

18.) How much heat (kI) is released when 50 g of ethanol is reacted with excess oxygen

combustion) for ethanol?

A) 1
[HW 6.47]?

Wy A%
C) 1492
D) 1555
E) 1645
19.)

A)

Breaking C-H and C-C bonds.

B) Breaking O-H bonds.

C)

Forming C-H bonds and C-C bonds.

[ D)

Forming O-C and O-H bonds. |

E) Condensation of the water formed.

Which of the following is responsible for the sign of AH': (the enthalpy of

20.} Which statement(s) (I — IV) below are true regarding AH; for the gas phase
isomerization shown [HW 6.56, 6.61]7

CH;CH,0H — CH;0OCH;
[ AHY = AH(CO,) - AH"(EtOH)
I AH'= AH{DiMe) - AH'(EtOH)
I AH";= AH (CO;) - AH ({H;0)

IV AH®,= AH"(EtOH) - AH".(DiMe)

A)lonly

Bylandll

C) T enly

D) IT and TV

E) Il only
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21.) What is AH7; (kJ) for the gas phase isomerization reaction shown? [HW 6.61,
CQ24.2]
CH3CH,0H (g) — CH30CH; (g)

A) -48 B)-13 C) +22 D) +57 E) +102

22}y Which 1s the arrangement of ethanol (EtOH), dimethyl ether (DiMe) and the
combustion products (P) in terms of relative AH" [CQ 24.2]?

A A} B) ) [B))] Ej
EOH P DiMe |DiMe P
AHY DiMe FEtOH |EtOH |P DiMe
p DiMe |P EtOH  EtOH

23.)  Which combustion would release more energy? [CQ 25.4]

A) 1.0 mole ethanol in excess 057

B) 1.0 mole of dimethyl ether in excess 0,7
[C) 1.5 mole ethanol in excess 0. |

) 0.5 mole dimethy! ether in excess O,

E) A and B release the same amount of cnergy.

24.) If you consume ethanol at 25°C it reacts with oxygen in your body to form carbon
dioxide and water (both of which you exhale). The products you exhale then cool
to carbon dioxide gas and liquid water at 25°C. How does this process compare
with the combustion of ethanol in the laboratory where the products and reactants
are also compared at 25°C?

A) The laboratory combustion has a larger AH.
B) The reaction in vour body has a larger AH.
() The free energy released by the reaction in vour body is larger.
[ D) AG and AH are the same for the laboratory combustion and in your body. |
E) No comparison of energy functions for different the two processes can be made.
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The table from page 6 is repeated here for your exam-taking convenience.

Compound Abbreviation AH" r{i" ormation) | AH". (combustion)
(kJ/mol) (kJ/mol)

ethano! {g) | EtOH ' -1271

(CH:CH,OH) '

dimethyl ether (g) DiMe 1328 o
| (CH30CH;)

carbon dioxide (g) -394

(COy) - r.

water (1) (H.0) -286 o |

25.) (4 pt) What is AH ¢ (the enthalpy of formation) for ethanol (kl/mol) [HW 6.56,

6.61]? 4 formua. +|
AHE = 3, Mg (products) — 3 aHe (reactarts) magnituda. Ay ¥ Z
AME = 2(c0)) + 3(H,0 — (ELOH) ﬂﬁff{fﬁs
127\ = 2(-394)+ B(-28G)~ ELOH
275 = - EtOH

AH e= =335 ¥

26.) (5 pt) Calculate AH"; (the enthalpy of combustion) for ethanol from average bond
energies (average bond enthalpies are on the reverse of the periodic table handout)

[HW 6.71]? formala +1
CH,CH,O0H + 30,92 O, + 3H0 mognitude AH +2
i Sign AHL +0.5
-‘Qé.oi-’;+50 o-32o=C= cl-raﬁf o un-.tsaH"Jraﬁ
A = B(e-H) + (e~ *+ (¢-0) + (6-HD) + 3(0=0) inwntocy of konds +\
~[4a(c=0) + Glo-H)]
z "":‘)(""HH\] +34F + 29| + 40T t+ 3(‘*"’1“3’) AH. = -1022 f%i_'m‘t
~[4 (74 + G(a6D)]
=426~ 2T4%

27.) (4 pt) Does the value of AH'; for ethanol calculated from average bond enthalpies
agree with the value in the table (explain in 20 words or less)?

Explanation: Ne =+

No, lond enthalpies dxe avernogs ovexr cangon %
many wolecules so they seldom aqree
@.:-La.tHY with Hess's Law o e.xpamme.n‘t‘.
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28.) A 1.00 kg block of iron is dropped into a small copper kettle (mass 300.0 g)
containing, and in thermal equilibrium with, 100.0 g of water at 25°C. The
maximum final temperature reached in the kettle, water, iron system is 55°C. The
heat capacity of iron metal is 0.45 J/gK: copper metal is 0.51 J/gK. The heat
capacity of water is 4.184 J/gK [HW 6.15]

A) (4 pt) How much heat is transferred from the iron?
AT = 55-25=30 K p
H, 0

o'vl".l..u

= mCpAT * (3c0.04)(0.5! FRIEO K = 4590

q= 1142 )
= |F000 J

B) (4 pt) What percentage of the heat is transferred to the copper kettle?

j_i'i _ 420 a0 = 27%

|\ FI14Z
% Tl
%q= 2F 7
C} (4 pt) What was the initial temperature of the iron?
= AT
e e
14z J = (1000 5\(0-4‘53‘%4\35”3
33K = AT
38+55 =93 R°C T;= 43°C J
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29.) For the following questions, consider the following exothermic reaction taking place
in a large sealed container at 298K where the equilibrium constant K = 25,
2 CHa (g) + Sg (5) = 2 C52 (1) +4 HiS (g)

A) (4 pt) What is the expression for (Q for the reaction? [HW 9.5]
| S 4
Prs [ 1
Q= 2 ) z
P [CH, ]
(‘..Hq
B) (15 pt) Complete the following table that describes the effect of various changes on
an equilibrium mixture of the reaction initially at 298K. K; is the equilibrium
constant before the change occurs. [HW 9.72, 9.73, 9.75, 9.109, CQ 30.1, 30.2,
30.3]
Change Qvs. K; | Shift toward | Change in K
(Circle one) |
Increase pressure of HaS Q=K Products Increase ;
& =F; | Decrease
Q=<K No Change
Reduce volume (=K, Products Increase
Q=K Decrease
Q=K No Change .
Increase total pressure by | Q=K Products Increase
| adding Ar (g) Reactants Decrease

a<k
Add Ss (s) Q=K " Products
Reactants

0
@

Increase

Decrease

Increase temperature

W

o o
A
‘allia

i
A
7

Products

!
!

Mo Change

Increase

No Change

C)

(6 pt) What is the equilibrium pressure of H,5 at 298 K if at l::flguilibrium the

pressure of CHy is 5,43 atm and 10 g of Sg and 15 ml of C5; are present? [HW 9.29]

i

p:ﬁ :25(5_4341-.;)2 =9,2] akm

P= 5 2| atm
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Quantum: Thermodynamics:

E =}y AG° = AH® - TAS®
W =c AH® = X AH% (products) - 2. AH? (reactants)
A geprogie=h/p=h/mv AS® = 2 8¢ (products) - 2 S° (reactants)
Epn (e-})=hv-d=hv - hvy AG® = X AG® (products) - £ AG; (reactants)
e _Zf R S = kalnW
e AS = Qe T
Ax Ap~h AE=g+w
p=mv N
Particle in a box (1-D Quantum): foraA + BB == ¢C + dD
E,=hn'/8mL?;n=1,23.. N
Ahibtinsl 0= % At equilibrium, Q=K
E, = (v + %) hA/2m; A =(k/m)” AG=AG°+ RTIn Q
Rotational:

, . G = G° + RTln(a); a = activity = vP/P° or y[A]/[A]®
E,=n(n+1)hB; B=h/8a"l; | =2mr"

AGT==-RTIn K
m = mamg/{ma + mg)
Ideal Gas: AG® = - nFAE®
PV =nRT AE = AE" - (RT/nF) InQ
3 AR 1 AS®
F==_RT InkK=- —
Ein=3 2 R T R
- IRT AT = ikhlpm
™ I M [1=iMRT

Constants:
Np = 6.02214 x 10* mol™
R.=2.179874 x 107'8]

Piow= Pa+Pg= Xr_apmu + XpPg"°
Acid Base:

R..=3.28984 x 10" Hz pH = - log[H,0]
k=1.38066 x 10* J K™ GX=-log X
h=6.62608 x 107 J s oA
m.=9.101939 x 107" kg T
¢=2.99792x10°m s’ —
T(K)=T(C)+273.15 tnetes:

F =96.485 C/ mol [Al=[Alee™
iv=1J/C In[A], = In[A]p - kt
Gas Constant; o

R =8.31451 J K mol "

R =8.20578 x 107 L atm K! mol” WAL= A+t
1nm=10"m k=A D

1 kJ=10007] In(ky/kz) = Eo/R { 1/T2 = 1/T))
1 atm = 760 mm Hg = 760 torr = 1 bar

|Latm = 1007 t= 1ALk

Page 11
tiz = [Alokt



