CHEMISTRY 104 — Summer 2024
Hour Exam Il Answers

Multiple Choice (3 points each)
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Written out problems — Show all work for partial credit.

23.  Consider a galvanic cell at 25°C based on the following half-reactions:
(12 pts)
AP* + 3¢ — Al °=_166V€— Anede reaction
Ni%* + 2e- — Ni E°=-023V e&— cothelle reachion

a) Draw the cell under standard conditions labeling the anode, the cathode, the
direction of electron flow, the concentration of ions, the electrodes, and the
direction of flow of cations and anions through the salt bridge.
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b) To the standard cell a ove, OH" is added to the aluminum compartment causing

Al(OH)s(s) to precipitate. After precipi’?a{ion of AI(OH)s(s) has ceased, the con-
centration of OH- is 1.0 x 10~* M and the measured cell potential is 1.82 V. _’ji
Calculate the K, value for AI(OH)s(s). KSP: £h J}j E o H "35 :mﬁﬂ( |.O%IO
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24,  Consider an aqueous solution of copper nitrate, Cu(NO3)2. It took 1380 seconds using a

current of 2.00 A to plate out all the copper from 25.0 mL of the copper nitrate solution.
What was the original concentration of copper nitrate in the solution? Calculate the
concentration in units of molarity (= mol/L).

(6 pts)
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25.  The boiling points of 5 organic compounds are 9.5°C, 36°C, 76°C, 117°C, and 141°C.

The structures of three of the compounds are: The Me la - masSes 1‘(\85 L Cﬂm?am@
Gpts) Aareal very clese 4o eachether,so all fave St (ar £+reu71{,t L0 Fs,

0
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The other three compounds are pentane and 2,2-dimethylpropane. Match the boiling

points to the 5 compounds. CH3
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26. Sulfur exhibits two solid forms, rhombic and monoclinic. The complete phase diagram
for sulfur is shown below. Consider the phase diagram when answering the following
questions.

(10 pts)

1s3°c,
(420 atm
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a. What is the normal melting point of monoclinic sulfur?
SQ("HQ QI\‘ﬁU“CQ k&se C_kQ“_ e Q‘§' i a&'Mc
Fromplel, (nmp =115.2]°C .

b. How mapy triple points are in the phase diagram?

— see Clivcles eV\P,O"!'

c. Which is the densest phase? v 1s (Qewse‘d-fkasf, s
¥ rom Sl(o‘sew of ow\‘(c,[Meh.oC“tAiC— U"\(’, rf\gwxstc 15
meredenge. From slope of chombicf 1;?03& line, rhem bic i S

mere Lenge . A-w& r‘\aubi(, mere dense Fhan SQ_{,

d. Atapressure of 1.0 x 10~ atm, can rhombic sulfur sublime?

F!’ew_\ P ‘\“-SQ &‘)1 ram, thombic G.n& 3«15 Pkas( ace gn[\a_ [N éfu;l;‘)fiuﬂa
with'cuch ether ad pressores at orbelow 5: %1676 atna, So 6
Fhowbic cannet converd &ﬁreo”‘;(»a Gas ot a Prc-({erejrfa“'@l“"k“'—t 5,[‘”0 Q""'\:

e. The pressure on a sample of sulfur at 100°C is increased from 0 atm to 2000 atm.
What phase changes will occur in this sample of sulfur as the pressure is increased?
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27.

The following compounds can be produced in a single step reaction. Indicate which
reactants (including catalysts) are necessary to make the desired products. Only major
products should be produced. For the organic reactant compound, draw the
structural formula and name it. Make sure your structural formulas contain all
hydrogen atoms, e.g., butane should be drawn as CH3CH>CH>CH3 or

CH3—-CH>—CH>—CHj3. not C—C—C-C or line notation. (L,Q_,
(12 pts) QH;C H-C—H}
- CH &2 — 2-chloropropane
C/Hl = CH 3 L MA o PPO&QU(}
ro r enée ©f J
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b. C,H}C;H C‘HC“ L + CQl — 2,3-dichloropentane
- ﬁbew‘ev\ 1

C/[.ls'—(;aj
c. CHL:C”L s l"'(.?,» /P-’- — ethane
Q‘I—Q\ent

d. CH3CHCH2CH7CH7CH;

CH, =CHULCHCH, CHy «4—#2/0/,171* OH Mc%, ), r
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28.  Propose a detailed mechanism for the reaction of H2O and cyclobutene (in the presence
of an H" catalyst).
(9 pts)
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29. a. Draw the structural formula(s) for the isomer(s) of C4HoCl which is/are optically
active. Place an asterisk by the chiral carbon(s). Name the isomer(s).

(12 pts)
(9%[3/ l *hca” aohu*(
. &
MC)-UZ—-£—~C“ ]L@Mer [ S OSSIBl
Chts C 3 '
Y _
N W
Folv =t cH how M
St @ =3 94 ‘:i‘:\";’en FIMX
(LN ¢ Cr H atoms,
b. Consider the reaction of toluene (CsHsCH3) with Cly(g) in the presence 0@ as
the catalyst. Draw the structural formula(s) for the possible monochlorin
product(s) of this reaction. Name the product(s). (—L
il 3
cH 3
L
cL
e
en
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A Y
¢. Consider the reaction of toluene (CsHsCH3) with Cla(g) in the presence (Q ultraviolet
lighDas the catalyst. Draw the structural formula(s) for the possible mono Finated

product(s) of this reaction.

(Q—C Ho
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30. a. Draw the molecular orbital diagram for CN. In your diagram, include the 2s and 2p MO
diagrams.
(12 pts)
v P
,’]‘f' X 0
L 11— W W
Zs 11-\; P 22 2
Vas wh
Ty T

b. What is the bond order for the CN molecule? Is CN expected to b or
diamagnetic? -
BO=50=-25 or 372225 )
(-8
C’/U has aw u:\exa(rege,ec:[—rml So r‘L lS fba M«xjn ¢

c. Is CN~ expected to have g stronger or weaker bond t an CN. Explain. Is CN™ expected to
be paramagnetic or 1amagnet1 A& [ e {EL on o CN &\07 ranm_ 4o

efaev™
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d. Is CN* expected to have a shorter o(long ge) bond length than CN Explain. Is CN*
expected to be paramagnetic or pemeve L e ectlon (’robv\
vV oQ‘GL;, raun Yo 4E
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