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1. (15 points) Summer is just around the corner. Let's make liquid nitrogen ice creamT“(Well,
we'll have to approximate ice cream as frozen water.) How many grams of liquid N, would be
required to freeze 100 g of water, initially at 25.0 °C? Assume that the all the water ends up as ice
at 0 °C. Also assume that the liquid nitrogen is at its boiling point, 77.3 K, and the cold gas
formed when it vaporizes escapes immediately and is unable to provide any cooling. (Water's heat
capacity is in the table provided. Water's enthalpy of fusion is 6.01 kJ/mol, and nitrogen's
enthalpy of vaporization is 5.56 kJ/mol. Molecular weights are 18.0 g/mol for H,O and 28.0
g/mol for N.)
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2. (18 points) The standard enthalpies of vaporization of 1-bromobutane, 1-chlorobutane, and 1-
butanol are given below.

CH;CH,CH,CH,—Br CH;3CH,CH,CH,—Cl CH;CH,CH,CH,-OH
AH®yqp: 36.7 33.6 51 kJ/mol
(a) Explain briefly why the alcohol (the 3rd cmpd) has a much higher AH®,, than the other two

compounds. _oH &,,j;(ss éba'{ff/;?‘«» /::,_:5 Hoes 2 :Zédqoéw
a2 S (=4 N “e
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(b) Explain briefly why the first compound has a higher AH®y,, than the second.
Br 75 (s e&ﬂfév\e—@ S CA | 5 74 cavt
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(c) The alcohol also has a higheF entropy of vaporization (S°ap = 131 J/molK) than the other two
compounds (S°ap = 97 J/molK for each). Why?

less a/ hood. bot vafvag’ o2
less of "pfoé/ ’\—b

(d) The branched isomer of each compound, (CH;);C-X (X = Br, CI, or OH), has AH®,, about 5
kJ/mol lower than the "straight chain" isomers shown above. Why?

(85 Suvlmce crec se wlaleer

veun of e Waals ;vvé&/ 05{0\/\3 //-4 pw*"‘"
N---H Cwq(af/zs vl ﬁoﬁfl‘(—i éW
Mol&c.u(x/S)

3. (12 points) When each compound below is dissolved in water, would the solution be acidic,
basic, or neutral?

(@) HOCH,CH;CH,0H 1y o ohood

(b) (CH;),CHCO,K
{-cof&

(¢) (CH3);NHBr )
CEAN W Gerde
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(d) NaNH, .
sree bagre
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4. (15 points) Which of the following substances can reduce aqueous Cr’* to chromium metal
under standard conditions? (circle)

L2V AL
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5. (30 points) Methylamine, CH3NH,, has K, = 4.40 x 10™*. (a) Write the equilibrium that
defines the Ky, showing all structures clearly.
CHh =MWy, ¥ WOl === ch—AHy, + Y
c‘a‘«vd SV A 3 b.’
4 \,«7««:«0’/
cCo% M — X 2 <
(b) Calculate the pH of a solution made by dissolving 0.00800 mol of methylamine in 1.00 L of
water.

x % ) :?
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(¢) The solution from part b is titrated with 0.100 M hydrochloric acid. What volume of aq. HCI
is required to reach the equivalence point?

o,00gcc wv{x I ¢ - cogecel = BO0 v
0,190 of

(d) What are the major species present at the equivalence point, and what are their
concentrations? Draw all structures clearly.

Gﬁ)/‘c/yﬁ} C/Q ¢ ok w, 4t
- o008 = oce
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(e) What is the pH of the solution at the equivalence point?

o = 22T % 107l o Sy iwsee, @ wsesd

2 =)
L= == N x = =G4 x e
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H.9
(f) What was the pH of the solution when exactly half of the required amount of aq. HCI had been £ Zc’y)

added?
/ Y=ok
S 10,64
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6. (13 points) You may have noticed the following trend within the K, values listed in the table.

H;C-NH; K,=44x10"*
H,N-NH, K,=3.0x10"°
HO-NH, Ky=1.1x107"

(a) In the process that defines K, is the NH, group in these compounds protonated or
2 deprotonated? P,,o/

2 (b) Which compound above is the strongest base, and which is the weakest base? ¢4y +/H, 75 4
Sl )

(¢) Is Ky, a thermodynamic or a kinetic parameter? ) 1O My T3 o~ enkas
' NG a~T T

’

(d) Provide a brief structural explanation for the variation in Ky above.
whioe  —all 810\~6> 73 (,MZMML,/, He elecdrs ~e
7 nerthbor adon wspobens e obosity f o
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Mqh‘&qa Lo _;%/7& 3 114\/96-4 /L/wx ML{% CH)‘A@H)

7. (32 points) (a) Hydrazine, NH,NH,, and formic acid, HCO,H, undergo an acid-base reaction.
[lustrate this reaction in the space below, being sure to show all structures clearly.

-~-

- 1
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(b) Label the acids with their K, values.

L{

2 (c) Label the stronger acid and the weaker acid.
v (d) Label the stronger base and the weaker base.
3

(e) Based on your stronger/weaker labels, which side of the reaction is favored at equilibrium?

7y

(f) What is Keq for the reaction? —y

3 hg Xlc o~ y
= =5 4x|lo
K&t 3.))<)O~9 4
(g) What is AG® at 25 °C?
L o6 = _]‘(7)‘,\1/(‘2 = _-27,0 k‘)/w/

(h) Suggest two experimental methods by which one could determine the AH® for the reaction.

Y neeasunt K g Tu.‘s /oo/o/ [n Koy 5 ’/T. = op® b s/7u.>
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8. (35 points) (a) Use the data in the tables provided to calculate AH® and AS® for the dissociation
of liquid water to form aqueous H" and HO™. Be sure to include units.

ho == Hleyp + P[0

< s_ Le
sl —%g o L A A

(b) Briefly explain the signs of AH® and AS°® in terms of the chemical changes that take place.

o/ISS“CTq/(rw Nv%/% /099 oﬁ - bcw*/* cw@é‘r»'\
oA akw/&a | So o B UIV\&M -
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(c) What is AG® for this reaction at 25°C? :
oGS = & #e - T as®
(sv ki) (2550)( Sy = %o ks
(d) In the lab you measured the AH® for an exothermic reaction, and on the second midterm, you
calculated the AH® for an endothermic reaction. Your AH® from part a was not zero, so this

reaction is either exothermic or endothermic. So if you placed a sample of water in a coffee cup
calorimeter, why would you not observe a change in temperature due to the reaction in part a?

Y X as§ wfi}'ﬁ-«—- o«(oWL 73 bwﬂ jwm‘eav}j
[~ 7 2 mo//& ch\j Z\a —_n
(26575 pes) | < s /14 S

(e) Based on your AG®, what is K¢q at 25°C?

K“( = e ST = Q,Lrg x 107"
= L
(f) Based on your K¢q (= "K,,") what is the pH of pure water at 25°C?
K = (HFI(re ] ) =974 x o™ >
T {)y_ = 7,0
(g) Calculate the pH of pure water at 100°C. (er 7.0 4o ®

e 8 0 I b

a6 ad 3k = 862 <Ny
O
K, = 9949 X))o~
W g(’/ W[rw( page S
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9. (30 points) An electrochemical cell is constructed with a zinc electrode and aqueous ZnCl, in
one compartment and a chromium electrode and aqueous Cry(SOs); in the other. Both salts are

very soluble in water.

(a) Write the balanced redox reaction. The sulfate and chloride ions do not participate in the redox
chemistry and may be omitted.

g 2ert + 3 R — Z}gw - 3.7
— \
—c 73V
— o, 26V

3 (b) What is the standard cell potential, €°, for the reaction as you wrote it? - = 0,03 V

(c) Sketch the electrochemical cell. Indicate the direction of electron flow under standard
conditions, and label the anode and the cathode. If a salt bridge is required, show it and suggest

what it might contain. bl ke sue
1ot

M*E =T

Somnt pa e spede
0 P vesrox ofuﬂ /
[ C—(/ N )]
(d) What is the cell potential when the concentration of ZnCl, is 0.90 M and the concentration of
Cr’"is 4.0 x 10° M? Which direction would the cell run? < 29e,
6 c.e2sV (=)
g = oceoexyv — ——l./——5
3 5 “ EC‘/-B_'.J k3

Y — Yoar .y

= —c.e55 V , el mw{o/ruw “Lo.%wwﬁu/”
(-0.06\/3

(¢) What is the equilibrium concentration of Cr** when [Zn**] = 1.00 M?

3
_ e ewelsv, i)
g £=0 20 £°= T"T“J‘B
ooV
fet) = 0,030 m
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10. (17 points) Calcium fluoride is a very slightly water-soluble solid. Oxidation of calcium
metal in the presence of fluoride ion produces CaF, directly, rather than aqueous Ca** . K for

CaF,,is 4.0 x 107" at 25°C. Calculate the value of €° for the reaction below.

Ca + 2F- I CaF, + 2e
Caz’_ + 2 F~ _> CQFI K< = '/k T:'2/5_.)<10’0
oy
- 114
\Z o
Co - 2 F — Cc\FL + e - o307 v
- 307V

11. (18 points) Many organic molecules undergo free radical-induced reactions with molecular
oxygen, called autooxidation. Write the rate law for the autooxidation whose mechanism is shown
below. Assume that the third step is rate-limiting, and use the equilibrium approximation to write

an expression for the rate of formation of the major peroxide product, PhCH,OOH, formed in the
4th step.

ky
CH30—OCH3 T 2 CH3"'O’
1
k

2
CH;~O+ + PhCH; === CHs-OH + PhCH,
k.

2
k
PhCH,, + O, ——» PhCH,—O-Oe

PhCH,—O-O+ + PhCH; —'» PhCH,—OOH + PhCH,
. R
2 PhCHyy  —=  PhCH,—CH,Ph 1, [ctioock ] = 4, lee)
Fotnor) = TR0
Cl’hoy oot) . £ ):0,3‘ J 2
Z’Pke/fz_] = é@m‘c’*ﬂ

“t_, LeHy o]

AN 4,74 1 [o0(pucky) ety =o conYe
At - ﬁ/ll/‘ 4—7_ fciherr)
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12. (20 points) Recall that the activation energy for rotation around a C=C nt-bond is 270 kJ/mol.
As a consequence, alkenes, which contain the C=C unit, can exist in geometrically distinct
"stereoisomeric" forms that do not interconvert at ordinary temperatures, as shown below for 2-
butene, CH;—CH=CH—-CHs.

H H
\ / \ /
C=C C=—=C
/ \ / \

CH3 CH3 CH3 H

Organic compounds that contain one or more silicon atoms in place of carbon are expected to have
unusual properties that could potentially lead to new materials. The E, for rotation around the
Si=C 7n-bond is 165 kJ/mol, and the E, for rotation around the Si=Si t-bond is about 95 kJ/mol.

(a) Calculate the rate constant and glze tim?scale for rotation around a Si=C w-bond at 100 °C.
Assume an Arrhenius A-factor of 1077 sec™". / ( /L‘ wwits /

— 33
— 13, —-€ ~
S L= )0 e TEVRT
q
€ < 135 x)jo e T =/ = %08 x/0 sec
= ‘25 G é,e/qvS
(b) Repeat part a for rotation around an Si=Si wt-bond at 25 °C.
— agK
—_ 13,2 — & R T & 2
S L = (0" e O RT
* = 3.53 x /0-‘7%(_4 = T = 2V4AC s
= 47
(¢) If you prepared two separate samples of the stereoisomeric forms of CH3;—SiH=SiH-CH;
(analogous to the structures drawn above), at what temperature (in °C) would you need to store
them to ensure no more than 1% interconversion within a year?
[xJe\ _
,M — - { %
10 =7

/1C
Sé(_"

/ /“ =y ‘ﬁ = 3,185 x/o0”
.L [ ¥ =
*7 3.1 56 K (O see
’& = Ae B @'//@
31185 xjo™ e = (/0”’;:5 e'@sm%%wkm) T

T = 1,8,({1/( = _5(,"9%
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