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THE UNIVERSITY OF BRITISH COLUMBIA

CHEMISTRY 123 FINAL EXAMINATION 16 April 2007
This examination consists of 14 numbered pages. TIME LIMIT:
PLEASE CHECK THAT YOU HAVE A COMPLETE PAPER 2.5 HOURS

GIVEN NAME(S): A’f\ CLVEA ,(ﬁ k/ . SURNAME:
T ONINK) [ (CAPITALS) (IN INK)

STUDENT NUMBER: SIGNATURE:
(IN INK) (IN INK)

NO CALCULATORS ALLOWED PREPROGRAMMED WITH ANY CHEMISTRY OR PHYSICS
FORMULAE OR TEXTUAL MATERIAL. MOLECULAR MODELS ARE ALLOWED.

Lecture Section (check V your section) Question | Maximum | Obtained Initials

201 (MWF 1:00) Drs. Wang/Ruddick 1 7
202 (MWF 2:00) Drs. Wang/Ruddick
209 (MWF 9:00) Drs. Patey/Sherman
_ 210 (MWF 10:00) Drs. Patey/Sherman
211 (MWF 11:00) Dr. Liu

299 (T, Th  9:30) Drs. Patey/Sherman
_ 222(T,Th  2:00) Drs. Patey/Sherman
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REGULATIONS FOR EXAMINATIONS

1. Each candidatc must be prepared to produce upon requesi, a
Library/AMS card for identification.

2. Candidates are not permitted to ask questions of the invigilators,
except in cases of supposed errors or ambiguities in examination
questions. 10

3. No candidates shall be permiiied to enter the examination room
after the expiration of one-half hour from the scheduled starting 11
iime, or to leave during the first half hour of the examination.

4. Candidates guilty of any of the following, or similar, dishonest
practices shall be immediately dismissed from the examination ToTAL
and shall be liable to disciplinary action:

(a) Having at the place of writing any books, papers or memoranda,
calculators, audio or visual cassette players or other memory aid
devices, other than those authorized by the examiners. - —

{(b) Speaking or communicating with other candidates. *% ADDITIONAL DATA ***

{c) Purposely exposing written papers to the view of other ATTACHED ARE AN EQUATIONS SHEET AND A,
candidates. The plea of accident or forgetfulness shall not be PERIODIC TABLE,
received.

5. Candidates must not desiroy or mutilate any examination mate-
rial; must hand in all examination papers; and must not take any
cxamination material from the examination room without
permission of the invigilator.
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1. [7 points] When metallic copper is shaken with a solution of a copper salt, the following redox
reaction occurs:
Cu(s) + Cu**(ag) 5 2 Cu'(ag)

The equilibrium constant of this reaction at 25 °C is 5.0x107°. Suppose that you attempt to use the
above reaction to make an electrochemical cell at 25 °C.

{(a) For this cell the net reaction is as written above, and Cu(s) takes part in the half-reaction at each
electrode. Write out the reactions occurring at the electrodes.

X A+ -
Anode: Cb\ ) — Cuy (agt) + de
Cathode: Cq+ (0;%.) + — C,Ui (‘>>

(b) Evaluate the standard potential A£°. A" = Z J \/

. BT (80M)(85) oxi0*) =03V
Aa = 7"‘; Ink‘- ;__w-)'f_“"_*x /\(S—. KO ) -

Qy. fesev

(c) If[Cu®**] = 1.0 M, at what concentration of Cu'(aq) would the cell become spontaneous?

e = 2 ~ o 7(,7 '.?)
o LatlT e cu= TOTNI M
K = = (u 3 - Qw Xl

LCulaTj
Jeat] =70 W H ot gl

+ =N
To be 3/)&#4;«@49! C-2<k/ [ Cu :\ <7f67ﬁ“ 5H

(d) Given the standard half-reaction potential of the Cu”*/Cu electrode,
Cu?*(ag) + 2¢ — Culs), (Cu*H/Cu) =033V,
calculate the standard half-reaction potential of the Cu'/Cu electrode:
Cu*(ag) + & — Cu(s), £(Cut/Cu) = L"/CV
A€z EClfa) =g (WT/6)
PR VTS B AR CY A
£ (Grfe) =04V
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2. [10 points] 0.500 moles of anilinium acetate, [CsHsNH; J[CH;COO™], are dissolved in water to give
500 mL of solution at 25 °C. The following equilibrium is established in solution:

CeHsNH,™ + CH;C00™ 5 CgHsNH, + CH3;COOH

At 25 °C, the dissociation constants of acetic acid (CH3;COOH), aniline (C¢HsNH;), and water are
Ka(CH;COOH) = 1.80x107%, Ky(CeHsNHy) = 4.50x107*, and K,, = 1.00x107", respectively.

(a2) Write out an expression for the equilibrium constant, K, of the reaction written above.

[ Cols Wiy I Cify Coeity

[ Cotis v | Dty con”)

_—

—

(b) Show that the equilibrium constant K can be written as:
K = Ko/[Ka(CH;COOH) x Ky(CgIsNIHL)].

: -3
feim) 63 pemen L]
[ Lot Ky, / { ith (00 Ka

= Lo JLHO
VoH] LHOY h

LY HS"VH";_S[CIEEDOH—’S _
- 'k]J Kq K ‘kg

£ ColismsS L, 075

K

k- |35

(¢) Calculate the equilibrium constant K.
L
K= E"__/:: f"%}(/u = 3
ok, (1&ox” ) (4sox0™)




2. (Continued)

(d) Calculate the concentration of aniline at equilibrium.

Colie M+ Cieo™ 2 Cutle M+ Gyt

-
inchigl  oSlos M [H 0 o
C%\A:t' ]”’}( /-—»/}( X P
X X a
K= 2 =1 23 ) —— = ({HH) = Il
(1-v* e

L) = fie= Xy b= 20

‘lii - X = 0: S M
Al

(e) Calculate the pH of the solution at equilibrium.

Page 4 of 14

[CHNEy] = OS5 26M
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(2)

(b)

©

(d)

()

Page 5 of 14

[5 points] Name the following compounds. Be sure to indicate stereochemistry where appropriate.

HaCHoC

A-Chloro -3, 4 Y~teim ethyl ,96&1‘6’!46 el

(‘E) -0~ Bromo ~Y - I\SO’]‘.‘«J?*(( 1~ ,\{(ﬂ’f{/\ﬁ

(.p\)' 9\ - ET}\Y{ C\/L'o }\{){61/\0/1&

CR)— &= brono profandic acid

— 0is- di ﬂ_‘Hv-/[ ¢yclo \m““ane,
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4. [8 points] Below are eight pairs of structural formulas. In the box to the right of each pair, place the
number (from the six terms listed below) that BEST describes the relationship between the two
structures. NOTE: Each term may be used more than once and not all terms need be used. Also,

Circle all the meso compounds.

1. Identical 4. Constitutional isomers
2. Diastereomers 5. Enantiomers
3. Conformers 6. None of the above relationships
Cl N\Br
(a)
OH
\m\“‘OH 5’
(b)
$GH3 HaC
Q 0
)J\NH )’LNH
(c) i l,l
NO,

NO,
o
/“\NH

, o}
)]\ NH
(d) :L/ Hl' 6‘
NO; GOLH




4. (Continued)

COH
HO————H
H————OH
(c)
HO—1——H
H———OH
CO,H

COH
H————CH
HO ———H
H———OH
HO ————H
COH

OH
HO,C ———H
H——"—0H
(g)
HO————H
HO ————CO,H
H
H H
(h) cl cl
H

COsH
H———O0H
HO————H
H———OH
H———OH
COH
H
H Cl
Cl H
H
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5. [4 points] Draw all of the constitutional isomers and stereoisomers of compounds named
tribromocyclobutane (all structures must contain a cyclobutane ring). Do not draw any isomer

twice.
b ke 8 B 8

\
B( \ ? !\\‘\ - b/ Tq“ g(‘/]/./--—-_.\\l

b

6. [4 points] Butanedioate monoanion, HO,C—CH,—CH,—CO;, , is found to exist 100% in the gauche
conformation in the solvent tetrahydrofuran {THF, a polar aprotic solvent). In water, the monoanion
is found to equally populate the anti and gauche conformations.

(a) Draw a Newman Projection of butanedioate monoanion in its most stable conformation when it
is dissolved in THF. C .
0LH

H y C(')a__'

HHH

(b) Explain the conformational preference found in THE.

Theee s o (Charged) hydrigea hond  betwieen |
e oy~ and the  Coi | |

.
5,

O [
\:: ,{9 H’?!D@ J
&

(c) Rationalize how water nullifies the conformational preference. \
v

Hy O '\\/ J(djeq honds o ReorH and

200 (it waters P eack) and breaks
W Yhe  intramoledae  H- boad.
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7. |6 points] Tritium (T), an isotope of hydrogen, is more stable in the equatorial position of
cyclohexane by AG® = —0.0460 kJ/mol (—0.0110 kcal/mol) at 298 K.

(a) Draw mono-tritiated cyclohexane in its two most stable conformations. Circle the most stable.

-

(b) Calculate the mole ratio of the two conformations at 298 K and enter the ratio in the boxes
below in the form 1.00:something.

Ratio I 01 © |00 .
— A (0.0460 X 10T ) /18.m) (248
o T _ Z)/(3:4)as3)

D AY
0.0{%b , _

K2e ~ |0iq = [od
{c) What mole% of mono-tritiated cyclohexane will exist in its most stable conformation?

10X
Jov1{.0)

8. [4 points] (a) Using one of the templates below, draw cis-(R)-2-methyldecalin in its most stable
conformation.

cis-(R)-2-methyldecalin ' ,f’{
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8. (Continued)

(b) Cis-decalin can ring-flip. Trans-decalin cannot ring-flip, as it is kinetically locked in one
conformation. Assuming cis-decalin and frans-decalin can be set in equilibrium with each other,
briefly explain which isomer would be entropically favored.

@ HC’lVfi\&‘ ;L ,30_f5£_/;/e_ (Oq“{:or‘m(}dn‘oz\j Versus ’ \ﬁr Qh\an/
s 5 Mot ()‘\505' (iUtA‘

9.13 ]:;oints] Propose a mechanism for the reaction below:

OOCH
OOCH; @_SH 3
0 > 0

iy



N
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10. [9 points] (a) Propose a mechanism for each reaction below.

/_\w'} HsCO  CHs
CHeOHH* L,
CHj

OH = H@

@ |
éﬁ @ )
. - Ffﬁm@f{

/A CHSOHIH" = ﬁ/\OCHS
\%
TG

XS,

Q0

L CHg"‘R"“H

(b) Which center reacts the slowest under the above conditions (assume the products shown are the
major products)?:

(1) Primary (2) Secondary (3) Tertiary

(c) Explain how you arrived at your answer to part (b).
———— \ { O _[‘ N o 9 U
| o-l) (gq‘(,'f‘ ton 7, 3 eacted 1 g

, . ¢
Buﬂﬂ!‘w\ feact o’ } { {1

0C )% sk than 8 o S0 _.
30 { (" q+ 5ﬂ/’
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11. [5 points] Answer the following questions with respect to the reaction below.

CHy CHj

CHaCHOH/H?*
OH OCH;CHs

(a) When the concentration of the methyleyclopentanol is doubled, the equilibrium constant will:

(1} Double emain the same

(2) Half (5) Cannot predict from the given information

(3) Increase, but not double

(b) When the concentration of the methylcyclopentanol is doubled, the reaction rate will:

@)ouble (4) Remain the same

(2) Half (5) Cannot predict from the given information

(3) Increase, but not double

(c) Assuming the reaction is reversible, if a dehydrating agent is added to the reaction mixture, the
reaction will:

hjft to the right (4) Remain the same

(2) Shift to the left (5) Cannot predict from the given information

(3) Shift both ways

(d) If the temperature is increased, the eqﬁilibrium constant will:

(1) Increase (3) Remain the same
(2) Decrease ikely change, but can’t predict which direction based
orthe given information

(e) The optical activity does not change as this reaction proceeds because:
(1) The product is racemic (3) The configuration is inverted

@ he product and starting material (4) The reaction is Sn2
€ achiral



