
CHAPTER 11: ANSWERS TO SELECTED PROBLEMS

SAMPLE PROBLEMS (ÒTry it yourselfÓ)

11.1 CH3–CH2–CH2–CO2H  +  H2O  !   CH3–CH2–CH2–CO2
–  +  H3O

+

11.2 a) Propanoate ion has the structure below and the molecular formula C3H5O2
–.

b) Magnesium propanoate is an ionic compound that contains Mg2+ ions and C3H5O2
–

ions.  The rule of charge balance requires that the compound contain two propanoate ions for
each magnesium ion, so the molecular formula of this compound is Mg(C3H5O2)2.

11.3 a) Calcium laurate is insoluble in water, because it contains a large carboxylate ion and a
metal ion that is not Na+ or K+.

b) Sodium laurate is soluble in water, because the metal ion here is Na+.

11.4 CH3–SH  +  OH–  !   CH3–S–  +  H2O

11.5 The solution containing compound B has the lowest pH, followed by solution A,
followed by solution C.  Compound A is a thiol and compound B is a carboxylic acid; both of
these are acidic, but the thiol is a weaker acid than the carboxylic acid.  Compound C is an
aldehyde, which is not acidic.

11.6  The product is     , which is the same as

11.7

11.8 a) This molecule is a secondary amine, because the nitrogen atom is bonded to two
carbon atoms.

b) This molecule is a primary amine, because the nitrogen is bonded to one carbon atom.

11.9

11.10 Cyclopentylamine has the higher boiling point, because molecules of this compound
contain N–H bonds, which allow them to form hydrogen bonds to one another.  N-
methylpyrrolidine does not contain N–H bonds, so it cannot form hydrogen bonds in this fashion.
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11.11 Trimethylamine does not contain a hydrogen atom bonded to the nitrogen atom, so it can
only function as a hydrogen bond acceptor.

11.12

11.13

11.14 Bupropion is a phenethylamine.

11.15

11.16 Oxaloacetic acid contains two carboxylic acid groups, both of which lose H+ at
physiological pH.  The dominant form of oxaloacetic acid at physiological pH is:

11.17 This amine contains two nitrogen atoms.  One of them is part of an aromatic ring, so it is
not basic enough to gain H+ at physiological pH.  The other nitrogen atom (at the end of the
chain) is not bonded directly to the aromatic ring, so it gains H+.  The dominant form of this
amine at physiological pH is:
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11.18 At pH 7, this compound will appear as a mixture of the two forms shown below.

SECTION PROBLEMS

Section 11.1

11.1 a)

b)

11.2 a) b)

11.3 a) ethanoate ion (IUPAC name) or acetate ion (trivial name)
b) magnesium ethanoate (IUPAC) or magnesium acetate (trivial)

11.4 a)

b)

11.5 Sodium hexanoate has a higher solubility.  The sodium salts of carboxylic acids generally
dissolve better than the original acids, because they contain ions that are strongly attracted to
water.

Section 11.2

11.6 All decarboxylation reactions form CO2.

11.7 a) b)
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11.8 We can break this reaction down into two steps.  First, we decarboxylate the original
acid:

Second, we combine the aldehyde from step 1 with HS-CoA:

11.9 NAD+ removes hydrogen atoms in oxidative decarboxylations.

Section 11.3

11.10 Nitrogen normally forms three bonds in organic compounds.

11.11 a) This molecule is a secondary amine, because the nitrogen atom is bonded to two
carbon atoms.

b) This molecule is a tertiary amine, because the nitrogen atom is bonded to three carbon
atoms.

c) This molecule is a primary amine, because the nitrogen atom is bonded to one carbon
atom.

11.12 Compound c in Problem 11.11 contains an amino group.  An amino group is a –NH2

group.

11.13 a) b)

c)

11.14 a) cyclopropylamine b) butylethylamine c) trimethylamine

11.15
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11.16

11.17

11.18 Both of these molecules are amines, but ethylamine has the higher solubility in water,
because it has the shorter hydrocarbon chain.

Section 11.4

11.19 a)

b)

If this reaction occurs in aqueous solution, the HCl will be 100% ionized into H3O
+ and Cl– ions.

Therefore, in aqueous solution the reaction will be:

c)

11.20 To draw the zwitterion, we move H+ from the carboxylic acid group to the amino group:
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BP = 36ºC.
This molecule does not contain N–H

groups, so two molecules cannot form
a hydrogen bond.
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11.21     or

11.22

Section 11.5

11.23 a)

b) The salt is more soluble than the original amine.

11.24 Albuterol is related to phenethylamine, and indoramin is related to tryptamine.

Section 11.6

11.25 a) (The carboxylic acid group in acetoacetic acid is
ionized at pH 7.)

b) (The amine group is ionized at pH 7.)

c) (Phenols are acids, but they are not ionized at pH 7.)

11.26 Both carboxylic acid groups in oxalic acid are ionized at pH 7.

11.27

and
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11.28 and

CUMULATIVE PROBLEMS (Odd-numbered problems only)

11.29 Only compound b is an acid.  Compound a is a ketone, compound c is an aldehyde, and
compound d is an alcohol.  None of these lose H+ under normal conditions.

11.31 a)

b)

11.33

11.35 The right-hand functional group in this molecule is an aldehyde group, not a carboxylic
acid group.  Aldehydes are not acidic and cannot react with bases, so only the left-hand
functional group (which is still a carboxylic acid) can react with hydroxide.  Here is the reaction:

11.37 a) b)

11.39 a) This ion is called pentanoate ion, because it is the conjugate of pentanoic acid.
b) The salt is called magnesium pentanoate.
c) The formula of the salt is Mg(C5H9O2)2.

11.41 The formula of sodium malate is Na2C4H4O5.

11.43 Most sodium and potassium salts of organic acids are more soluble than the acids
themselves, so the solubility of potassium octanoate should be greater than 0.7 g/L.
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b)

11.47

11.49 a)

b)

Note that in reaction b, the right-hand carboxyl group is removed, because it is adjacent
to a ketone group.  Oxidative carboxylations normally will not occur unless there is a ketone
group on the $ carbon atom.

11.51

11.53 Decarboxylation reactions remove a carbon atom (in the form of CO2) from the carbon
skeleton of the organic molecule.  This is important because when our bodies burn nutrients to
obtain energy, we must oxidize the organic framework to CO2 to obtain the maximum amount of
energy.

11.55 Nitrogen has five valence electrons.  By forming three covalent bonds, the nitrogen atom
gains three more electrons, giving it a total of eight (which satisfies the octet rule).

11.57 a) secondary amine b) primary amine c) tertiary amine

11.59 a) b)

c)

11.61 a) dimethylamine b) ethylcyclohexylamine c) butylamine

11.63 The hydrogen atom is positively charged, because hydrogen has a lower electronegativity
than nitrogen.
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11.65

11.67 Aniline boils at 185ºC and 2-methylpyridine boils at 145ºC.  Aniline contains an N–H
group, so aniline molecules can form hydrogen bonds to one another.  In 2-methylpyridine,
though, there is no positively charged hydrogen atom (because there is no N–H group), so 2-
methylpyridine can be a hydrogen bond acceptor, but not a donor.  As a result, 2-methylpyridine
molecules cannot form hydrogen bonds to one another.  The attraction between 2-methylpyridine
molecules is weaker than the attraction between aniline molecules, giving 2-methylpyridine a
lower boiling point.

11.69

11.71 a)

b)

c)

11.73 b) To name the salt, we must work out the names of the ions that make it up.  The cation
in part b is the conjugate acid of aniline, which is called anilinium ion.  Therefore, the salt is
called anilinium chloride.

b) This salt contains the anilinium ion and the conjugate base of propanoic acid, which is
called propanoate ion.  Therefore, the salt is called anilinium propanoate.

11.75

11.77
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11.79 a) b) The zwitterion form is more stable.

11.81 a) acidic (this is a carboxylic acid)
b) neutral (aldehydes are not acidic or basic)
c) neutral (alcohols are not acidic or basic)
d) basic (amines are bases)

11.83 Pseudoephedrine and fenfluramine are related to phenethylamine, and psilocybin is
related to tryptamine.

11.85 a) The amine group gains another hydrogen (in the form of H+), so the formula of the salt
is:

b) The amine is insoluble in water, because it contains only hydrogen-bonding group
within a large molecule.  The salt, being ionic, is much more soluble than the original amine.

11.87 THC is not an alkaloid, because it does not contain an amine group.

11.89 a) Thiols do not ionize to a significant extent at physiological pH, so the dominant form
of this compound is:

b) This compound contains a carboxylic acid group, which loses H+ at physiological pH.
The dominant form of this compound is:

11.91 Since the nitrogen is not directly bonded to the aromatic ring, it will gain H+ at
physiological pH.  The dominant form of this amine is:
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11.93 At physiological pH, both of the carboxylic acid groups in fumaric acid will lose H+,
giving us the following ion:

11.95 The carboxylic acid group in salicylic acid loses H+ at physiological pH, but the phenol
group (the OH attached to the benzene ring) does not.  The dominant form of salicylic acid is:

11.97 At physiological pH, both of the amine groups in cadaverine gain H+.  The dominant
form of cadaverine is:

11.99 The left side of this molecule is a carboxylic acid group, which loses H+ at pH 7.  The
right side is a phosphate group, which will occur in two forms.  One form has one remaining
hydrogen atom, and the other form is missing both hydrogen atoms.  Here are the two forms of
phosphoenolpyruvic acid at pH 7.

and

11.101 The hydrogen ions are neutralized by the basic components of the buffers in body fluids.
For example, HCO3

– will bind to H+, as will HPO4
2–.

11.103 The two carboxylic acid groups will lose H+ at pH 7, and the amine group will gain H+ at
pH 7.  The structure of aspartic acid at pH 7 is:

11.105 Reaction 1: dehydration Reaction 2: hydration
Reaction 3: oxidation Reaction 4: decarboxylation
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11.107 Reaction 1: no coenzyme Reaction 2: no coenzyme
Reaction 3: NAD+ Reaction 4: no coenzyme

The remaining problems in this chapter review concepts you have learned in earlier chapters.
Because of this (and to save space), I have just outlined how each problem is solved, rather than
giving all of the details.  You may need to review the relevant chapters.

11.109 This problem is a review of material from Chapter 5.
a) The percent concentration is 3.75% (w/v).
b) The molar concentration is 0.460 M (the calculator answer is 0.45987442 M).  The

formula weight of ethylammonium chloride is 81.544 amu, so 1 mole of this compound weighs
81.544 g.  Use this to convert 3.75 g into moles (you’ll get 0.04598744 moles), then divide by
the volume in liters (0.1000 L) to get the molar concentration.

c) The concentration of ethylammonium ions is 460 mEq/L.  Ethylammonium chloride
ionizes completely in solution, so the solution contains 0.460 moles of ethylammonium ions and
0.460 moles of chloride ions per liter.  The charge on ethylammonium ion is +1, so 0.460 moles
equals 0.460 Eq.  Multiplying by 1000 converts to mEq.

d) The total molarity of ion in the solution is 0.920 M.  Add the concentrations of
ethylammonium and chloride ions (see part c).

11.111 This problem is a review of material from Chapter 5.
You need 4.0 g of formic acid (the calculator answer is 4.027275 g).  This solution

contains 0.35 moles of formic acid in each liter of solution (0.35 moles/L).  Therefore, 250 mL
of solution (0.25 L) contains 0.0875 moles of formic acid.  The formula weight of formic acid is
46.026 amu, so one mole of formic acid weighs 46.026 grams.  Use this relationship to convert
0.0875 moles into grams.

11.113 This problem is a review of material from Chapter 5.
a) You need around 16 g of sodium lactate (the calculator answer is 15.6884 g).  An

isotonic solution must contain 0.28 moles of solute particles in each liter of solution.  However,
sodium lactate dissociates into two ions (sodium and lactate), so you only need 0.14 moles of
sodium lactate to get 0.28 moles of solute.  The formula weight of sodium lactate is 112.06 amu,
so one mole of sodium lactate weighs 112.06 grams.  Use this relationship to convert 0.14 moles
into grams.

b) You need around 14 g of sodium lactate (the calculator answer is 14.0075 g).  CaCl2

dissociates into three ions (one Ca2+ and two Cl– ions), so the solution already contains 0.010 x 3
= 0.030 moles of solute per liter.  The isotonic concentration is 0.28 moles of solute per liter
(0.28 M), so you must add enough sodium lactate to supply an additional 0.25 moles of solute.
Once you know this, you can proceed as in part a.

11.115 This problem is a review of material from Chapter 6.
The mass of butylamine is 5.79 g (the calculator answer is 5.78507793 g).  First, you

must write the reaction out using structures.
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Next, change the structural formulas into molecular formulas.
C4H11N  +  C2H4O2  !   C4H12N

+  +  C2H3O2
–

The formula weights of C4H11N and C2H4O2 are 73.138 amu and 60.052 amu, respectively, so
73.138 g of C4H11N reacts with 60.052 g of C2H4O2.  Use this relationship as a conversion factor
to “translate” 4.75 g of C2H4O2 into the corresponding mass of C4H11N.

11.117 This problem is a review of material from Chapter 6.
The mass of NaOH is 4.21 g (the calculator answer is 4.21359596 g).  This question is

similar to problem 11.115.  The reaction is:

HO C

O

CH2 CH2 C

O

OH +   2 NaOH O C

O

CH2 CH2 C

O

ONa Na +   2 H2O

Using molecular formulas, the reaction looks like this.
C4H6O4  +  2 NaOH  !   Na2C4H4O4  +  2 H2O

The formula weights of C4H6O4 and NaOH are 118.088 amu and 39.998 amu, respectively.
Since the reaction calls for two NaOH, we must double the formula weight of NaOH, so 118.088
g of C4H6O4 reacts with 79.996 g of NaOH.  Use this relationship as a conversion factor to
“translate” 6.22 g of C4H6O4 into the corresponding mass of NaOH.


