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Spectroscopy Problems

1. Determine the structure of the straight-chain pentanol that produces the mass spectrum shown here.
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2. The mass spectrum of an ether is shown here. Determine the molecular formula of the ether that would

produce this spectrum and then draw possible structures for it.

100 — 3

80 —
59

L

o)
S
f

1

40—

Relative Intensity

20

|||I
T

?lllll}lllll
30 35 40 45 50 55 60 65 70 75
n/z

n |
LI I I B L B AR

0 ¥
T T T T

- l‘l
10 15 20 25

Download full file from answersun.com
Copyright © 2014 Pearson Education, Inc.



Full file at
https://answersun.com/download/study-guide-and-students-solutions-manual-for-organic-chemistry/

92 Special Topic |

Strong Acids

A strong acid is one that dissociates completely in solution. Strong acids have pK, values <1.

Because a strong acid dissociates completely. the concentration of hydrogen ions is the same as the concentration
of the acid: a 1.0 M HCI solution contains 1.0 M [H" |: a 1.5 M HCl solution contains 1.5 M ‘H' ;. Therefore. to

determine the pH of a strong acid. the [ H" | value does not have to be calculated: it is the same as the molarity of
the strong acid.

Solution [jﬂ @
1.0 M HCl 1.0M 0

1.0 x 107 M HCI 1.0 x 107 M 2.0
6.4 x 107 MHCI 6.4 x 107" M 3.2

Strong Bases
Strong bases are compounds such as NaOH or KOH that dissociate completely in water.
Because they dissociate completely, the [ HO™ | is the same as the molarity of the strong base.

pOH describes the basicity of a solution. The smaller the pOH. the more basic the solution: just like the smaller the
pH. the more acidic the solution.

pOH = —log [HO |
HO™ ] and [ H" | are related by the ionization constant for water (K, ).
Y

K, =[H"1IHO | = 10"
pH + pOH = 14

Solution [HO™ | pOH pH

1.0 M NaOH 1.OM 0 14.0-0 = 140

1.0 x 107 M NaOH LOX 10 M 4.0 14.0-4.0 = 10.0

78x 102 MNaOH  7.8x10° M 1.1 14.0~1.1 =129
Weak Acids

A weak acid does not dissociate completely in solution. Theretore, | H™ | must be calculated before the pH can be
determined.

Acetic acid (CH;COOH) is an example of a weak acid. It has an acid dissociation constant of 1.74 X 10 5
(pK, = 4.76). The pH of a 1.00 M solution of acetic acid can be calculated as follows:

CH,COOH =—= H" + CH,COO"

_ [H"]J|CH;COO" |
|CH;COOH]|

a
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192 Chapter 6

$H3 $H3
H,C CHa H CH-CH;  CH;CH- CH-CH, CH;—CH CH—CH;
\ / \ / \ / \ /
38. c—C > C=—C > C=—C > C—=cC
/ / \ / \ / \
CH;CH» CH-CH;  CH;CH- H H H H H
4+ alkyl substituents 2 trans alkyl substituents 2 cis alkyl substituents 2 cis alkyl substituents
that cause greater steric strain
than those in ¢is-3-hexene
39. The reactant must have £, Z stereoisomers ot R.S stereoisomers.
40. a. No, because only one constitutional isomer can be formed as a product since 2-butene is a symmetrical
alkene.
CH3CH3C|‘HCH3
Br
b. No, because it forms a racemic mixture.
¢.  No. because cis-butene and frans-butene form the same product.
d. Yes. because two constitutional isomers are possible, but only one is formed.
e. No. because it forms a racemic mixture.
. No, because cis-butene and rrans-butene form the same product.
41. Only the stereoisomers of the major product of each reaction are shown.
a. CH:CH2CH} CH:CH:CH; CH} CH:
cC i . C or H cl S Cl H R
H.C~ \H racemic pyy “CH:
) Cl  mixture Cl ‘ CH->CH~CH; CH->CH->CH;
b. CH>CH->CHj CH>CH-CH; CH-CHs CH,CH;
Pley el or H -OH § HO H R
CHCH, \ “H racemic H" / “CH-CH;
YUY OH mixture HO CH-CH-CH; CH>CH,CH;
c. .
This compound does not have any stereoisomers,
CH,0 because it does not have any asymmetric centers.
CH;
d. CH;
CH:CCHACHy This um?pound does not have any stu.emsomels.
) because it does not have an asymmetric center.
Br
42, Solved in the text.

43. Solved in the text.

44. Solved in the text.
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Chupter 9

Solved in the text.

a. CH;CH-Br + HO™

b. CH;CHCH.Br + HO"
CH,

¢. CH,CH,Cl + CH;S™

d. CH,CH,Br + I

These are all S<2 reactions.

a. CH;CH,OCH,CH,CH;
b. CH;CH>C=CCH,

Solved in the text.

HO' is a better nucleophile than H-O.

This alkyl halide has less steric hindrance

toward nucleophilic attack.

CH;S™ is a better nucleophile than CH;O™ in a protic
solvent (a solvent that can form hydrogen bonds).

Br is a weaker base than Cl .
so Br s a better leaving group.

C. CH}Cl’{zN(CH;)q Br—

d. CH;CH,SCH,CHy

Reaction ot an alkyl halide with ammonia gives a low yield ol primary amine, because as soon as the

primary amine is formed, it can react with another molecule of alkyl halide to form a secondary amine;
the secondary amine can react with the alkyl halide to form a tertiary amine, which can then react with
an alkyl halide to form a quaternary ammonium salt. (See Problem 15 on page 415.)

b. The alkyl azide is not treated with hydrogen until after afl the alkyl halide has reacted with azide ion.
Therefore. when the primary amine is formed. there is no alkyl halide for it to react with to form a
secondary amine.

a. b. /Y/\/ + N~
OCH; OCH; OCH;
one product because the leaving R and S because the leaving
group was not attached to an group was attached to an
asymmetric center asymmetric center
I I T e
\ Br Cl .
Cl

trans-4-Bromo-2-hexene (the compound on the right) is more reactive in an Sy1 solvolysis reaction,
because the carbocation that is formed is stabilized by electron delocalization. (It is a secondary allylic
cation.) The other alkyl halide is a secondary alkyl halide and does not undergo an Sy 1 solvolysis reaction.

H CH; H CH: H CH,
\C_C/ ' \C_C/ ‘ \C C/ ’
-/ AN D A TN D VRN
CH,;Ccht‘H H CH;yCH-CH H CHyCH-CH H
~ +
Car
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388 Chapter 13
radical initiator

radical substitution
reaction

reactivity-selectivity
principle

saturated hydrocarbon
secondary alkyl radical
termination step

tertiary alkyl radical

a compound that creates radicals.

a substitution reaction that has a radical intermediate.

the greater the reactivity of a species, the less selective it will be.

a hydrocarbon that contains only single bonds (it is saturated with hydrogen).
an alkyl radical with the unpaired electron on a secondary carbon.
two radicals combine to produce a molecule in which all the electrons are paired.

an alkyl radical with the unpaired electron on a tertiary carbon.
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490 Chapter 16

O~ o- o-
HO O 0
\\\ // HO\ //
9. a. HO C HO /\/\/C\ 5
\HA/V 0 NO, \W 0 NO-
0 0
transition state if formation of the transition state if collapse of the
tetrahedral intermediate is rate-limiting tetrahedral intermediate is rate-limiting

I ]

. C O B C
b \[t]/\/ \O NO. HA( N \N/\/ \OH + HOONO:
2N - 7N

95. Because electron-withdrawing substituents have positive substituent constants and electron-
donating substituents have negative substituent constants, a reaction with a positive p value is one in which
compounds with electron-withdrawing substituents react more rapidly than compounds with electron-
donating substituents. and a reaction with a negative p value is one in which compounds with electron-
donating substituents react more rapidly than compounds with electron-withdrawing substituents.

electron withdrawal increases electron donation increases
the rate of the reaction the rate of the reaction
W W
Nt Rt
= oo
S
¢ p=-+ =4
—_— - p=-
-2 0 2 -2 0 2
G c

a. In the hydroxide-ion-promoted hydrolysis of a series of ethyl benzoates. electron-withdrawing sub-
stituents increase the rate of the reaction by increasing the amount of positive charge on the carbonyl
carbon, thereby making it more readily attacked by hydroxide ion. The p value for this reaction is,
therefore, positive.

HO:
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666 Chapter 21
32, C-2 epiimer = D-MANNOse C-4 epimer = D-galactose
C-3 epimer = D-allose C-5 epimer = L-idose
33. a. D-lyxose b. D-talose ¢. D-psicose
H O H O
34. N7 N
H 0 o ]
% COOH COOH
C Kiliani-Fischer H-——0H HO—7—H 7 H —OH HO %——H
HO——H synthesis HO ——H + HO——H HNO; HO - H Ho—n
H——0H H-——0H H——0H H- OH H OH
CH-OH CH-OH CH.OH COOH COOH
D-threose sugar A sugar B optically inactive optically active
D-xylose D-lyxose
3s. a. D-ribose and L-ribose. D-arabinose and L-arabinose, D-xylose and L-xylose, D-lyxose and L-lyxose
b. Db-ribose and p-arabinose, p-xylose and D-lyxose, L-ribose and 1-arabinose. L-xylose and L-lyxose
¢. D-arabinose. L-arabinose, D-lyxose, and L-lyxose
36. a. 2R3SARSR b. 2R.35.4S55R c. 2RI3RAR d. 2R.354R e. 3RA4ASSR
37. HOCH: HOCH: OCHz
O O )
OCH;
HO OH HO OH
methy! o~D-ribofuranose methy! g-D-ribofuranose
0 0 OCH;
HO OCH; HO
HO OH HO OH
methyl o-D-ribopyranose methyl g-D-ribopyranose
38. a. methyl B-np-sorboside b. ethyl B-p-guloside ¢. methyl @-p-idoside
39, A monosaccharide with a molecular weight of 150 must have five carbons (five C's = 60. tive O's = 80.

and 10 H's = 10 for a total of 150). All aldopentoses are optically active. Therefore. the compound must
be a ketopentose. The following is the only ketopentose that would not be optically active.

CH-OH

H———OH
C=0

H——OH
CH-OH
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766 Chapter 25
63. a. UDP-galactose and UDP-glucose are C-4 epimers. NAD™ oxidizes the C-4 OH group ot UDP-

galactose to a ketone. When NADH reduces the ketone back to an OH. it attacks the sp” carbon from
above the plane. forming the C-4 epimer of the starting material.

OH ,
| CH-OH CAD /ﬂ CH-OH

O NAD --H 0
H N Z H—"
HO O— UDP (| HO O—Uubp
OH B* OH

UDP-galactose \

NAD* \
B CH->OH
o)
HO
HO O— UDP

OH
UDP-glucose

b. The enzyme is called an epimerase because it converts a compound into an epimer (in this case, a C-4
epimer).

64. Because the compound that would react in the second step with the activated carboxylic acid group is
excluded from the incubation mixture, the reaction between the carboxylate ion and ATP will come to
equilibrium.

If radioactively labeled pyrophosphate is put into the incubation mixture. ATP will become radioactive
“f the mechanism involves attack on the a-phosphorus because pyrophosphate is a reactant in the reverse
reaction that forms ATP.

ATP will not become radioactive if the mechanism involves attack on the B-phosphorus because pyrophos-
phate is not a reactant in the reverse reaction that forms ATP. (In other words. because pyrophosphate is not
a product of the reaction. it cannot become incorporated into ATP in the reverse reaction.)

attack on the a-phosphorus
Q) O O O 0] O O 0O
] L. I I |
C + P l" A

P ; C P A |% P
SNe N \(f)\/ N . < N DNy T Ny Do
R0 0,04 Yy O Oo o
pyrophosphate

attack on the g-phosphorus

0 o o0 0 O o0 0 0

N7 ST i ) Y
P A . b P >

< N i f0/|\0/\{\/|\0/ = Dy Do ’ N
,,.\y@o on oo ? 0
AMP
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