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I point each. 28 points in total for Multiple Choice.

For each question enter the one correct answer on the TEST SCORING SI{EET in pencil. The TEST
SCORING SI{EET will be considered final no matter what you marked on the examination paper.

1. Given 2 CzHa(S) - 2Czfu(S) + 2Hz(il aH : -64.2W /)'i,' eS; :-'?
aH for the reaction of6,000 g of C2H6 k) to give C2FIa(S) and Hz(S) is: r t,! : !.t. *b. Ilr''

{*\',A) 6.41 W {U - 6.41kJ C) - 64.2 kI D) -12.8 kJ E) - 2s.6W

2. Which of the following statements is tue for the combustion of propane, C:Hs(g),
to produce carbon dioxide and water vapor in a bomb calorimeter ?

,D) q=o
E) aH: aU

3. A calorimeter containing 200 mL of water was calibrated by carrying out a reaction
which absorbed 15.6 kJ of heat. r ; 

= - i 
,- ,!, ,t''

The temperature of the calorimeter and contents fell 3.25 'C. 5 t'i s;::1 
:

. The heat capacrty of this calorimeter and contenJs was: l,= coj!-

| :, :;'i:".

A -4.80 kJ/"C B) 4.80 kJmL/"C C) 15.6 kJ/"C D) 9.60kJl"C
,,py 4.80 kJ /"c
.I t-. ,1

I
4. The standard enthalpy of subiimation of bromine is 40.1 kJ'moil and

the standard enthalpy of fusioir of bromine is 10.6 kJ'mol-l.
The enthalpy of vaportz?nonof liquid bromine is:

A) - 50.7 kJ'mol-l B) +50.7kJ'mol-l,,g*' *29.5kJ'mol-l D) -zg.skJ'mol-l
E) - 10.6 kJ'mol-r

;;,0t *''-t,tj tr'
5. Given that the standard molar enthalpy of formation of ozone, 03 , is'+ 142.7 kJ/mol and

, i--^
Oz (g) - 2 O(g) aHo : * 498.4 kJ t.4 '/ i--2 * ,

NO(g)+Or(g)rNOzG) +Oz(g) aHo: -200kJ :5'i'l:- \ - -'''''',

Calculate the reaction enthalpy for $ -'" i;i-*
/.:f

Noz (d No (e) + o (g)

N aU:O
@ q:au
9l w :.aIJ

A) +ss2 kJ B) + ts2k| 
"6 

.307 kJ D) +.555 kJ
E) + 355 kJ 'e/
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The standard enthalpy of forrration of KCI($ is -437kJ-mol-1. In aBorn-Haber cycle for KCI(s)which changes are exotherrnic?

the lattice enthalpy and the electron affinity of the chloriae atom
the electron affinity of the chlorine atom and the reverse of the lattice enthalpy of KCI(s)the formation of Cl(g) from Cl2(g)
the sum of the sublimation enthalpy of K(s) and the first ionization energy of K(g)
the lattice enthalpy of KCI(s)

7, Which of the following substances has the largest standard molar entropy at29gK and I ah ?

A) Ae B) Au tibiiine\"r'9
D) Pb E) Fe

A)
ffi
c)
D)
E)

Estimate the standard molar enthalpy of forrnation of gaseous carbon monoxide, from thefollowing data:@E : bond energy) 
n\ : Aooa , ,:: , '\ . ,. r;;, ., =:-:i't), "BE (O:O) : 496 kJlmol \-/.' ;'r

srandard *"*:"l,[:,#t#":llTlEb : 7 nkrlmor

8.

Given:

A)

E)

+ 965 kJ/mol B) - tT74krlmor rs: - r09 kJ/mol D) + r39 kJlmor

-218 kJ/mol

,t-

2 C2HaG) + A OzG) + 4 Co2Ig)'+ aH2o(g)

aH for this reaction may be estimated from the following bond energies @E) :

: 8BE(C:O) +lgero_rO _ 2BE(C:C) _ 8BE(C_$ _6BE(O:O): 4 BE(c :o) +lpto_ro - 2 BE(c:ci _z estb_}ry _ 6BE(o:o): 2 BE(C:C) + 8 BE(C_FI; + 6 BE(O : il; _ s ee'.1c:o) _ 8 BE(O_H): BE(C{)+ 4BEG_rD +6BE(O:O) _ +setb:oi-4BE(O-Fr): 2 BE(C:C) + 4 BE(C-rD -2BE(C:O) - 3 BE(O_H)

Consider the following chemical substances:

Hzo(D oz(s) He(/) C(s) He(g) H*(oq) i
which have standard morar entropies equar to zero at2ggK? - at, "t 

,U.:t?T-fi,A) Altexcepr Hza(t). ,',bjl Noo". c) c(s) D) Hg(/) @ "1 
aq) 

ailru'
,.,.:.

A)
B)

#,
D)
E)

AH
aH
aH
aH
AH

ttl.
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coHec) +7.5 AzG) ---+ 6 CO2(g) + 3 H2O(g)

Predict the signs of aH and aS.

aH negative and aS posilive.
aH negative and rS negative.
aH positive and aS positive.
aH positive and aS negafive.
The signs cannot be predicted.

rl
t, 

. --f , "-%_.2 t.;,1

12. Calculate the entropy change ofthe universe at298.0 K for areaction inwhich
the enthalpy change is - 296.83 kJ/mol. and the entropy change is + 11.28 J/I(.mol.

w
B)
c)
D)
E)

11. For the reaction:

A) + 11.28 J/I(.mol B)
E) + 984.8 J/tr(emol

'&
,'6 + (0.008314s)Qs3)1ft(0.145 ) F - (s.3145x20)ln( 110 ) E) 0

L4. The standard molar enthalpy of vaporization of ethanol is 38.7 kJ-mol-r at its normal boiling .':;" 
.':: '

point of 78 "C. AS0 for the vapoization of 1 mole ofethanol at its nomral boiling point is:

A) r03 J-K-r B) zgzlll"-t q 496 l-:l"-t $ 110 J.K-r E) a2 I.Kl

15. The standard molar free energy of forrnation of HI(g) at298 K is 1.576 kJ/mol.

At2ggK, calculate the value of the equilibrium constant for the reaction: ,--|i{r.r-
'.' 

rl 
\';Q'i{;'t':;':::t '

H: (g) + 12 (s) -+ 2 HI (e) , .r.",,..+,.'

f;:A) 0.999 B) a.529 C) 3.s70 rP): 0.280 E) 1.s89

/t
-11.28 J/tr(.mol fr)j +tOOl.4 J/K.mol D) -1007.4 J/Komol,t:g

13. The vapor pressure of carbon tetracbloride at 2A "C is 110 Torr.

For CCl40 --+ Ccla(g)
aG"inkJ/mol at2}"C is

- (0.00s3145x2e3)rn( 0.14s ) F) - (8.314sx2e3)ln( 0.14s )
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Consider a reaction with a negative standard reaction enthalpy and a negative standard reaction

entropy. Which of the following statements is true ?

The equilibrium constant K is greater than 1 at 1ow enorrgh temperatures.

The equilibrium constant K is greater than I at high enough temperatures.

Reactants are favored at low temperature.
Products are favored at high temperature.
The equilibrium constant K can never be greater than 1.

Whch of the following has the largest molar entropy at298K?

Ki Iz (s) B) clz (e) c) rz G) # "t, 
,r, Ei BrzQ)

. ,t ... . i'l': ''--'i ''
If the enthalpy of firsion of water at its normal melting point is 6.00 kJ/mol, i\''
AS0 for freezing I mole of water al this temperature is:

B ) -6.00 kJK-r c ) +6.00 kJK-r {q'S -zz.o x"

@r
B)
c)
D)
E)

17.

18.

'zu!;- /-,.* ..1i

A ) -20.1 JK t

E) +22.A lrtl

19. Consider the reactions:

ATP4iaq) + HzO(l) -+ ADP3iaq) + tfO+2-(aq) + f(aq) AGo: - 30.5 kJ (1)

glucose + IIPOI-(aq) + tt'1a4+ [glucose phosphate]- + H2O0) AG0: +13.8 kJ (2)

Coupling these two reactions in biological systems favors forrration of the product glucose-6-

gbosphate because:

{.N Reaction 1 is more exergonic than Reaction 2 is endergonic.
B) Reaction 2 favors products.
C) Reaction 1 favors reactanls.
D) The sum of Reaction 1 and Reaction 2 gives a reaction which favors reactants.

E) None of the above.

For the reaction:20.

2 NH3(g) rHzG) + Nz(g)
j!

A#: g2.22kJ and ASo: 198 JK-t at 298 K.
With all reactants and products in their standard states, tlis reaction will be spaotaneous

A) at no temperatures..

9) at all temperatures.

ffi at temperatures above 191 C.

D) at273K.
E) at temperatures below 190 C.



A)
B)
c)
P]

rp)

23. Ifthe average O-H bond enthalpy is 463 kJ/mol estimate the enthalpy change when water vElor

. dissociates to gaseous atoms. {sii:. ..: - 7,. \i t . = ; ,J,

{$ylzekJ/mol B) 1389 kJ/mol C) 463 kJ/mol D) -g26kJlmo1
':::/

E) -463 kJ/mol
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21. When a reaction takes place and the products have a Iower energy than the reactants,

A) The energy of the system increases.

B) Energr is absorbed.

i.=$ Energy is released
Dl The thennal motion of the atoms in the surroundings decreases.

E) The reaction is endothemric.

:,
22. When benzene vapor coiidenses at constant pressure, the sign of the enthalpy change for the

process

depends on the container volume.
depends on the temperature..
is positive.
cannot be determined.
is negative.

24. Calculate the work needed to make room for products in the combustion of 1 mole of CFI+(g) to

carbon dioxide and water vapor.

'' -..\,r,.,,-2 i-i-. ,r,', ^t- i lr, - ' .'.i,,'l,,rt',,.-.
' ',,, t '-' t'

A) -4.52kJ l.n,
B) -2.26H
c) -6.79 H
D) - 11.3 kJ

iE)ino work is needed.
l\l,J'

25. The standard free energy of formation of CS2(l) a cornmon solvent is 65.27 kJ/mol at298K.
Thts means that at298K

A
S! CSzG) is thennodynamically unstable.
F) CSdt) is thermodynamically stable

C) no catalyst can decompose CS2O into its elements.

D) CS20) has a negative entropy.
E) CSz(l) will not spontaneously form C(s) and 2S(s)
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Given HZCZO+(aq) -+ ZCO21g1 in acidic solution.

. t ,Ll
L " ',!.:;1

The number of electrons in the balanced half-reaction is:

A,2B)3C)5D)10 ltBlj 1\4

. f+:: /
A) 2, 10, 5 B) 8, 16, 5 iQl' 2,16,5 D) 1,16,5 E) 5, 8, 5\::,,

Given the unbalanced reaction:

?+ i::.

Cr " (aq) { OH (aq) + HzOz @$ CrO4 " (aq) + H2O (l)

How many electrons are transferred when the reaction is balanced ?

@. B) t2 D)2 E)8

l;z {z
ri

#v **

-,.1 t' -., 
t-i

27. Given:

-'vlno4-1aq) lti f*l * t* t"nl a' nnn '* (t)*[nro 0) +:clzG)

If the coefficient of Cl- in the balanced equation is l0 then the coefficients of
-+

MnO4 , H , and Cl2 respectively are

Sotr-v Cr)+
' -t

)F7a.. Io- + #i oZ t'u,

TL'tarn
-!r 

(.r ljr L{ "L{

-+ i#w"L +

t Je'

2tfu'

L q l4zp

x3

+2



transition of I mole of xenon liouid to I mole. ofxenon vaoor at its normal

ry = - onBT- 
=-liliir,ttuo,in = !:lr'n,,1)(ltl'rl (i

=-l.3fl kj u"'

q = z.Ho (n'j

=l?.,{3 rdl*ni { I *-ii --_-
= l?.f '5 L:, ,r/ j i

AUo = 7+ L,r

= 12,{*3 - I,'i*i!
rl 4l l,f= 11.".,t, r--__)

.i .:-.t 't
JJ--

r !L

aso = e-H-
T

- l?.[3 gy'.o\ { I n,oi)_ __,, ,. .,,--.__ _-
il.-."' l,

=7b,5q T/K

)s

l ,*l
{f ,"1

t_1
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!L4 '(' '' ;l'-'- -.
1. [6 points] At the normal boiling point of xenon, Xe, - 108.1 "C, AIf of vapiri.6toois 12.63

kJ/mol. Assume that the volume of 1 mole of liquid xenon is negligible with respect to I mole of
the gas and that xenon vapor behaves as an ideal gas. Determine the following quantities for a

,i/tl--. I
.1

2. [6 points]
Consider the weak bise equilibrium at298K.

B (aq)+EhO(I) + OH (aq) +BH+'(aq)

Calculate AG when

[OH (aq)] : [BH+@d]:1.00xt0-51,t

-5
K6: 1.80 x 10

^c
4AalgJ

= - /,J.,8 kJ,/r,:l i

\- ,-r : ''
I Ru+ i , i-;iJ- :

/r' LUll -r *"r' -L!-.+
{'X - f- n'-

I l/ 1

I i *.- -r-r!'_'! lc(-tL'y !?1 * J
t1-

rn fnn
V/. Lw\/

r -!-iLa'.r - l a{.L,t{ ru

t.'

it :'
l"1 \,/

\\ ,/
'. -t'

Art- ,,1

ksYJa\i

/*----"
tll/l'I ////J/.r!f



Data Page

Nothing written on this page will be graded.

R: 8.3145 J lK . mol

l atm: 101.3 kPa : 764.0 Torr

1 L r atm: 101.3 J

o "c :273.15"K

Specific Heat of H2O(l) 4.184 J / "C ' g

Relative molar masses.

H .1.008

c p.ot

o i6.00

PERIODIC TABLE 8A
1A 2

He
ll€lium

I

H
rb*og!n

3A 4A 5A 6A 7A
2A

5

B
Bdd

6

c
C#.1

7

N
Nnro!@

I
o

Olw

9

F
Ft dire

10

Ne
Li

lihtum

4

Be
8€nhh

6B 7B 8B 1B 2S
?FI 4B 5B

t3

AI
Ahrtirum

14

Si
sl-lid

15

P
Ftto6gh@

16

S
$frf,

17

cl
Clldihe

18

Ar
Irgs

11

Na
sodm

12

Mg

19

K
2A

Ca
ffi

21

Sc
Sadr&rd

22

Ti
tffi

73

v
v&d,m

24

Cr
hr*m

25

Mn
26

Fe
Ld

z7

Co
C.fr68

2S

Ni
Nic*d

a
Gu
cq9g

@

Zn
&E

31

Ga
Gdilm

Ge
33

As Se
*niF

35

Br
&sh.

36

Kr
lqydd

53

I
lode

il
XE37

Rb
R8bi.qim

38

Sr
$dtim

.39

Y
Y6ium

40

Zr
Zsdnm

11

Nb
Netim

42

Mo
13

lc
udtr€d

44

Ru
fnftt6*5n

45

Rh
Rho&s

46

Pd
P€aa&ft

47

Ag
€TiE

48

Gd
Cadri&o

49

ln
s
Sn
T:n

51

sb
Ar{inury

Te
Tdtui@

55

Cs
C6i6

56

Ba
Sdim

57-71

{!*retd

7?

Hf
t{*um

73

Ta
T4lM

74

w
TdgFds

75

Re
Rtsrum

76

Os
og*m

T7

lr
ffim

7A

Pt
Pldtlm

79

Au
GoH

s
Hg

aldqf,Y

8'l

TI
thaJtu6

w
Pb
Lead

83

Bi
Elbrodt

a4

Po
tul,ooium

85

At
86

Rn
Radon

Fr
88

Ra
Ra&,m

89-103

AdhidF

104

Rf
r05

Db
Abnh

16
Sg

107

Bh
Bolsiffi

108

Hs
109

Mt
110

tls
111

Rg
112

Uub
titt"*ar-

113

Uut uuq uup
116

Uuh Uus Uuo


