.

| gges. Acidic solutions are those that contain more H ™ {aq)
Lpioto. £ 5 . : . . o
- OH (ag); basic solutions contain more O™ (ag) than
Al L

i)
| n 164 The concentration of H™(ag) can be ex-
werms of pH: pH = ~log [H7]. At 25°C the pH
4 el iral solution is 7.00, whereas the pH of an acidic so-
‘won is below 7.00, and the pH of a basic solution is abave
Y. The pX notation is a}so used to represent the} nega-
¢ log of other small quantities, as in pOH ;md Py Th.e
1 of a solution can be measured using a phi meter, orit
& be estimated using acid-base indicators,

ctio
ingge.

iction 16.5 Strong acids are strong electrolytes, jonizing
;mpk:tely in agueous sofution. The common strong acids
B FIC), F1By, HI, HINO4, HCIO4, HCIO,, and H,50,. The
njugate bases of strong acids have negligible basicity.

- Common strong bases are the lonic hydroxides of alka-
wretals and the heavy alkaline earth metals, The cations
Isirong, bases have negligible acidity.

wtion 16.6  Wealk acids are weak electrolytes; only part
the molecules exist in solution in jonized form. The ex-
at of ionization is expressed by the acid-dissociation
ﬂétant, K,, which is the equilibrium constant for the re-
fion HA{ag) === H™{uq) + A (a), which can also be
itten HA(ng) + H,O) == HaO%(ag) + A (nq). The
cer the value of K, the stronger the acid. The concen-
ton of a weak acid and its K, value can be used to cal-
late the »H of a solution, —_—

Pol  Jtic acids, such as H,505, have more than one
izable proton. These acids have acid-dissociation con-
nts that decrease in magnitude in the order

> K > K,3. Because nearly all the H™(a7) in a
yprotic acid solution comes from the first dissociation
9, the pH can usually be estimated satisfactorily by con-
ering only K.

tions 16.7 and 16.8 Weak bases include NH;,
nes, and the anions of weak acids. The extent to which
@&‘k base reacts with water to generate the correspon-

ercises

ding conpugate acid and Ul 15 measured vy the pase-
dissociation constant, K;,. This is the equilibrium constan!
for the reaction Blag) + HO() === HB (ag) + OH {ng)
where B is the base.

The relationship between the strength of an acid anc
the strength of its conjugate base is expressed quantita:
tively by the equation K, X K = K,,, where K, and K, ar
dissociation constants for conjugate acid-base pairs.

Section 16.9  The acid-base praperties of salts can be as
cribed to the behavior of their respective cations and an
ions. The reaction of ions with water, with a resultan
chinge in pH, s called hydrolysis. The cations of the alkal
metals and the alkaline earth metals and the anions ©
strong acids do not undergo hydrolysis. They arve alway:
spectator ions in acid-base chemistry.

Section 16.10 The tendency of a substance to show
acidic or basic characteristics in water ¢an be correlate
with its chemical structure. Acid character requires th
presence of a highly polar H— X bond. Acidity is also fa
vored when the H— X bond is weak and when the X7 o
is very stable.

For oxyacids with the same number of OH groups anc
the same number of O atoms, acid strength increases wit]
increasing electronegativity of the central atom. For oxy
acids with the same central atom, acid strength increase
as the number of oxygen atoms attached to the centra
atom increases. The structures of carboxylic acids, whic]
are organic acids containing the COOH group, also help
us to understand their acidity.

" Section 16.11  The Lewis concept of acids and bases em

phasizes the shared electron pair rather than the proton. /
Lewis acid is an electron-pair acceptor, and a Lewis bas
is an electron-pair donor. The Lewis concept is more ger
eral than the Breonsted-Lowry concept because it can appl
to cases in which the acid is some substance other tha
H*. The Léwis concept helps to explain why many Iy
drated metal cations form acidic agueous solutions. Th
acidity of these cations generally increases as their charg
increases and as the size of the metal jon decreases.

enius and Bransted-Lowry Acids and Bases

“1 Although HC) and H LS50 phave very different properties
8 puire substances, their aqueous solutions possess many
common properties, List some general properties of these
Selutions, and explain their common behaviar In terms
Of the species present,
Although pure NaOH and CaO have very different prop-
erties, their agueous solutions possess many common
Properties. List same general properties of these solu-
t_w' " and explain their comman behavior in teyms of the

LB 28 present,

j

3748) What ig the difference berween the Arrhenios and the

J‘BnSteC‘wLowry definitions of an acid? (b} NHzle) and

HCHy) react to form the ionic solid NHCls) (Figw
16.3). Which substance i3 the Brensted-Lowry acid in th
reaction? Which is the Bronsted-Lowry base?

16.4 {a) What is the difference between the Arrhenius and t
Bransted-Lowry definitions of a base? (b} When amme
niais dissolved in water, it behaves both as an Arrheni
base and as a Bransted-Lowry base. Bxplain.

16.5 Give the conjugate base of the following Bronsted-Low)
acids: {a) FIa804; (b} HCHO4; () FLAsSO, ™ (i NH

16.6 Give the conjugate acid of the following Bronsted-Low:

" hases: (a) HAsO," ;{b) CHANH.; () 50,77 (@) HLPO,

16,7 Designate the Bransted-Lowry acid and the Bronstec

Lowry base on the left side of each of the followh



|

“

16.28

Complete the following wbie by caleulating the missing

Centries. It each case indicate whether the solution is acidic

or basic,

acidic
or basic?

pQF LY POH™

i
L)

‘7_4" J ”--"‘. A/!

Strong Acids and Bases

1631

1632

1633

16,34

16,35

(a) What s astrong acid? (b) A solution is fabeled 0,500 A
HCL What is [H™] for the soiution? (¢} Which of the fol-
lowing are strong acids: HE, HCI HBr, HI?

(a) What is a strong hase? {b) A solution is laheled
0125 M Br(OFy. What is JOH ™ for the solution? (¢) 1s
the following statement true or false? Because Mg (O,
1s not very sotuble, it cannot be a strang base, Explain,
Calculate the pH afeach of the following strong acid so-
futions: (a) 8.5 % 107M HBr; (b) 1.52 ¢ of HNO, in

575 mL of selution; (o) 5.00-mb of 0.250 M HCIO, dilut-

ed to 3.0 mb; () a solution formed by mixing 10.0 mL

of LEO0 A HBr with 200 mib of 0.200 M HCT

Talculate e ph o each of Lhe following strong acid solu-
ans: (@) GO575 M HINO;; (b 0,723 gof HCIO, in 2,00 L

of solution; (e} D00 Ml af 1.00 M HC! dituted to 0750 L

(d) a mixture formed by adding 50.0 mL of 0.020 M HCI

to 125 myvl of 0010 M L

Caleulate [OH Tand pH for (a) 1.5 = 107 M SrOH b,
(b} 2.250 gof LIOH in 25000 mL of solution; {¢) 1.00 mL

Weak Acids

i 16.47

16.42

16.45

16,44

16,45

Write the chemical equation and the K, expression for
the fonization of cacls of the folfowing acids in aqueous
solution, First show the reaction with H (o as a prod-
wcl and then with the hydronium ion: (a) HBrO-;
(b} HCH 50,

Write the chemical cquation and the K, expression for fhe
acid dissociation of each of |he fullowing acids in aque-
ous solubon. First show e reaction with Bl as a
sraduct and thern with the hydronium son: {a) FIC H 0

I3

(L) MO _

Lactic acich (HCH=04) has one acidic hvdrogen A0 L0 M

solution of lactic acicd has a pk of 244, Caleulate K.

Phenvlacetic acid (HCGH=Oh) 15 one of e substances

that accumulates in the blaud of peoplewith phenvllke-

tonuerin, aninherited disordser that can cause mental

tardation uroeven death. A 0085 A solution of
“aHlQais found to bave a pi of 2.68. Coleulate the

K, value for this acid.

A LZHE A sofation of a weak acid FLA is Y47 Tonized.

Using this information, calowdate [T, 1A7], [HA boand K,

for - A,

16.29 The average pk of normal arterlal Blood s 7.40 A

mal body temperature (37°C), K, = 2.4 % 107H ¢
late [M™ ] and JOR™] far blaad at this tem perature,
16.30 Carbon dioxide in the atmosphere dissolves in rain
to produce carbonic acid (M-CO;4), ca nsing the |
clean, unpoluted rain to range from about 5.2 &

Whatare the ranges of [H¥] and {OH ] in the raind

of 75 A NaOH dituted to 2.00 L; (dy a soh
formed by adding 5.00 mL of 0,105 A KOH (o ] 5,
of 9.5 5 177 M Ca(OH),.

16.36 Caleulnte [OF Fand phl for cach of the following s
base solutions: () 0.0050 M KOFL (b) 5055 9 of KE
SO mL of sotution: {¢) 10.0 mL of 0.250 M Cat
diluted to 500.0 ml; (d) & solution formed by m
040 ml of 0015 M Ba(OH)s - with 200 ny)
75 107 A NaOH,

16.37 Caleulate the concentration of an aguecus soluth

: NaGk that has a pH of 11,50,

16.38 Caiculate the concentra tion of an aqueous soluti
CatOH)a that has a pif of 12.00.

16.39] Caleulate the ok of a solution made by adding 15.01
sodium hydride (NaH) £ enough water to make 2.

‘ of sofution.

116.40] Caleulate the pH of a solution made by adding 2.5
lithium oxide (Lih0) to enough water ko make 1.20(
sotution.

16,46 A 0100 M solution of chloroacetic acid {CICHLCC
s LLO% fonized. Using this information, caie
IQICHLCOO T, 117, ICICHACOOH],  and K,

- chloroacetic acid,
1647 A particular sample of vinegar has a pHoof 290 As

ing that azellc acid is the onty acid that vinegar con
(Ky= 18 2 107, caleulate the cancentration of
Ackl i thevinegar,

Flow many moles of HE (K, =68 2 107 must be
enlin G500 Lt form a solution with a P af 25007

16.48

1649 The acid-dissocialion constant for berzoic acid (HC -
563 % 107 Caleulate the equiibrivm concentratic
=07, CHs047, and HCH Q0 i the sedution if th
tal concentration of FICaH 0 is 1,050 M. _
The acid-dissuciation constant for hvpochlorogs
(HCIOS 1= 3.0 = 107 Caleulate the concentrating
MO, SO, and HOKD at equilibrium if the initia|
centration of MCIO is 0.0075 M.

16.50

16.57

¢

Caloulate the pk of each of the follnwi ng solution
JUORE S
pionic acid (HCH DR (b 0100 A hvdromen ol
o CE O, T (Y 00124 A pyricing (Cal-lahy,

anch Ky values are given in Appendix U a
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o 16.52 Determine the pH of each of the following solutiong (K,

: and K values are given in Appendix D): {a) 0,125 M
hypochlorous acid: (b) 0.0085 M phenol; {¢) 0.005 M
hydroxylamine.

16.53 Saccharin, a sugaf substitute, is a weak acid with

pK,; = 2.32 at 25°C. It ionizes in agueous solution ag
foliows: ‘

HNC/H,SO0s(aq) == H*(ug) + NC;H,505™(ag)

What s the pH of a 0.10 M solution of this substance?
The active ingredient in aspirin is acetylsalicylic acid
(HCeHOy), a monoprotic acid with K, = 3.3 x 107 at
25°C. What s the pH of a solution obtained by dissolving
two extra-strength aspirin tablets, containing 500 mg of
- acetylsalicylic acid each, in 250 mL of water?

16.55

16.54

Calcuiate the percent ionization of hydrazoic acid {(HN3)
in solutions of each of the following concentrations (K,

is given in Appendix D): {a) ‘0.400 M: (b} (.100 M;
" {c) 0.0400 M,

)

16.56 Caiculate the percent ionization of HCr(Q, ™ -

[16.59

[16.60] Tartaric acid is found in many fruits, in

of each of the foliowing concentrations (K
Appendix D): (a) 0.250 M; (b) 0.0800 M, (e) 007

id, 2 graph of pH ye
log of the initial acid concentration should be 5

line, What is the magnitude of the slope of that iy

1 Citric acid, which ig present in citrus fruits, ig a'ti
acid (Table 16.3). Caleulate the pH and the cifra;
{CeH50;%") concentration for a 0.050 A solution,
acid: Explain any approximations or
you make in your caleulations.

is partly responsible for the dry tex
Calculate the pH and the tartarate

Explain any approximations or assumptions
make in your calculation,

Weak Bases

16.61 What is the essential structural feature of all Brensted.
Lowry bases? :

16.62 What are two kingds of molecules or ions that commonly
M“\é function as weak bases?

{ g 16.63 Write the chemical equation and the K, expression for the
./ ionization of each of the following bases in agueous so-
= lution: (a) dimethylamine, (CH3),NH; (b) carborate ion,
CO5*"; (¢} formate ion, CHO,™.
16.64 Write the chémical equation and the K; expression for the
reaction of each of the following bases with water:
(2) propylamire, CoHLNH,;  (b) monchydrogen
. Phosphate ion, HPO,*"; () benzoate ion, CeHsCO,™
/’i’t‘;é\’i Calculate the molar concentration of OH- ions in a
b4 0875 M solution of ethylamine (C,HzNH,) (Kp =
7 64 X 107, Calculate the pH of this solution,

16.66

16.67

CioH150N(ag) + H,0(0) == Crob115ONH (ag) +

16.6
A

T

Calculate the molar concentration of OH ™ ions ina
solution of hypobromite jon {(BrO™; Ky = 4.0°%
What is the pH of this solution? -

Ephedrine, a central nervous sysiem stimulant,

in nasal sprays as a decongestani, This cotnpr n
weak organic bage: . :

A 3.035 M solution of ephedrine has pH:
{a} What are the equilibrium concentratig
CioH15ON, CigH 50ONH™, and OH 7 {b} Calculate
ephedrine. v

Codeine (CigtINOs) is a weak organic ‘ba
5.0 X 107° M solution of codeine has a pH of 9.9

culate the value of K, for this substance, Wits i)
OF thig 7

The K-k, Relationship; Acid-Base Properiies of Salts

16.6% Although the acid-dissociation constant for phenol
(CeHgOH) is listed in Appendix DD, the base-dissociation
constant for the phenolate ion (CeHsOM) i not,
{a} Explain why it is not necessary fo list both K, for phe-
noi and Kj, for the phenolate ion. (b Calculate the K, for
the phenolate ion. {c} Is the phenolate ion a weaker or
stronger base than ammaonia?

16.70 We can calculate K, for the carbonate ion if we know the
K, values of carbonic acid (H2CO3). (a) Is Ky or K of
carbonic acid used to calculate K » for the carbonate ion?
Explain. (b) Calculate K, for the carbonate ion, {c} Is the
carborate ion @ weaker or stronger base than ammonia?

{ ‘ 16.71 {a) Given that K, for acetic acid is 1.8 x 1075 and that for
hypochlorous acid is 3.0 X 1078, which is the stronger
acid? (b} Which is the stronger base, the acetate ion or

the-hypochlorite ion? (c) Calcuiate: Ky values for C;H,0,™
and CIO™. "

16.72

16.73

1e.7¢

16,75

(&) Given that K, for ammonia is 1.8 x 105 and that,
hydroxyiamine is 1.1 X 1078, which is the stranget
{b) Which is the stronger acid, the ammonium io
hydroxylammonium ion? (¢} Calcutate K, valu
NEH,* and FI,NOH",

Using data from Appendix D, calewlate IOHT] an
for each of the following solutions: (a) .10 M NaC
{b} 0.080 M NayCOs; {c) a mixture that is 0.10 M
NaNG; and 0.20 M in CalNO,),. :
Using data from Appendix D, caleulate IOH"] and pH
for each of the following solutions: {a) 0.036 ¥
(b} 0.127 M NasS; (¢} a mixture that is 0.035 M.
NaC;H30, and 0.055 M in Ba(C,HoO,),.

Predict whether aqueous solutions of the follpwing o
pounds are acidic, basic, or neutral: (a) NHBr; (b) FeC
(&) NaxCO;; ¢d) KQIO,; te) NaHC,(,,



;46 Predict whetheragueous solutions of the following sub-

stances are acidic, basic, or neutral {a) CsBr;
T INOg)s; (¢ KON (d) [CHyNH,ICL; (e) KHSO,.

.77 A, .nknown salt is either NaF, NaCl, or NaOCL When
00 Nofthesaltis dissolved in water to form 0.500 L
of sosution, the pH of the solution is 8.08. What is the
identity of the salt? .

578 An unknown salt is either KBr, NH,Cl, KON, or K,COs5.
If 2 3.100 M solution of the salt is neutral, what is the iden-
tity of the sait?

16.79

16.80

bxercises bh/

Sorbic acid (HCF04) is & weal monoprotic acid with
Ky = 1.7 % 107 lts salt {potassium sorbate) is added to
cheese to inhibit the formation of mold. What is the pH
of a solution containing 11.25 g of potassium sorbate in
1.75 L of solution?

Trisodium phosphate (Na;PO,) is available in hardware
stores as TSP and is used asa cleaning agent, The label on
a box of TSP warns that the substance is very basic {caus-
tic or alkaline). What is the pH of a solution containing
500 g of TSP in a liter of solution?

id-Base Character and Chemical Sfructure

181 How does the acid strength of an oxyacid dépend on .

{a) the electronegativity of the central atom; (b) the num-
ber of nonprotonated oxygen aioms in the moiecule?

(a) How does the strength of an acid vary with the polar-
ity and strength of the H—X bond? (b) How does the
acidity of the binary acid of an element vary as a func-
tion of the electronegativity of the element? How does

this relate to the position of the element in the periodic
table?

382

183" Explain the following observations: (a} HNO; is a
stronger acid than HNO,; (b) FL,5 is a stronger acid than
HyO; {e) H1,50, is a stronger acid than HSQ,™; () H,80,
is a stronger acid than H,8e0y; (e) CCLCOOH is a
stronger acid than CH,COOH. -

Explain the following observations: (a) HCl is a stronger
acid than H,5; (b) H;PO, is a stronger acid than HzAsQy;

184

i BrO, ds & stronger acid than HBrOy; (d) H,C,0,-

s atroriger acid than HC,047; (e} benzoic acid
{C JOOH) is a stronger acid than phenol (CgHsOH),

185 Based on their compositions and structures and on con-
jugate acid-base relationships, select the stronger base in

16.86

16.87

each of the following pairs: (a) BrO™ or C1O™; (b) BrO™ or
BrO,”7; (o) HPO,* or H,PO,™.

Based on their compositions and structures and on con-
jugate acid-base relationships, select the stronger base in
each of the following pairs: (a) NOy ™~ or NO,~; (b1 PO,
or AsO;%; (o) HCO, ™ or CO4%™.

Indicate whether each of the following statements is true
or false. For each statement that is false, correct the state-
ment 5o that it is true. (a) In general, the acidity of binary
acids increases from left to right in a given row of the pe-
riodic table. (b) In a series of acids that have the same
central atom, acid strength increases with the number

© of hydrogen atoms bonded to the central atom.

16.88

{c) Hydrotelluric acid (H,Te) isa stronger acid than H,5
because Te is more electronegative than 8,

Indicate whether each of the following statements is true
or false. For each statement that is false, correct the state-
ment s¢ that it is true. (a) Acid strength in a series of
H--X molecules increases with increasing size of X,
(b) For acids of the same general structure but differing
electronegativities of the central atoms, acid strength
decreases with increasing electronegativity of the central
atom. {c} The strongest acid known is HF because fluorine
is the most electronegative element. ‘

vis Acids and Bases

89 Toa substance is an Arrhenius base, ig it necessarily a
Bremsted-Lowry base? Is it necessarily a Lewis base?
Explain. o
If a substance is a Lewis acid, is it necessarily a Bronsted-
Lowry acid? Is it necessarily an Arrhenius acid? Explain,
Identify the Lewis acid and Lewis base among the reac-
fants in each of the following reactions:
(@) Fe(CiO)s(s) + 6H,00) == :

‘ ~ Fe(H,0)¢*{ag) + 3C10, (ag)
(b} CN"(ag) + H,O0) = HCN(ag) + OH (ag)
(e} (CH3)aN(g) + BFa(g) === (CHg3)aNEBF,(s)
{d) HIO(igy + NH,"(lg) == NHy(lg) + I07{Iz)

(g denotes liquid ammonia as solvent)

96

51

16.93

16.94

Identify the Lewis acid and Lewis base in each of the foi-
lowing reactions:

(a) HNOy(ag) + OH (ag) == NO, (ag) + FLO0

-{b) FeBra(s) + Br{ag) wem= FeBry “(ag)

() Zn™(ag) + ANHjleq) === Zn(NHs},**{aq)
{d)SO(g) + HO == H,505(ag)

Predict which member of each pair groduces the more
acidic aqueous solution: (a) K or Cu**; (b) Fe2* or Fe3':
(0) AI** or Ga™ . Explain.
Which member of each pair produces the more acidic
aqueous solution: (a) ZnBr, or CdCl,; (b} Cull or
Cu(NO3)y; (0) CaliNO3), or NiBry? Explain.

fitiona| Exercises

95 Indicate whether each of the following statements is cor-
TeCtor incorrect. For those that are incorrect, explain why
-are wrong,
w Svery Brsanstedwlowry acid is also a Lewis acid.,
ery Lewis acid is also a Brensted-Lowry acid.

(¢} Conjugate acids of weak bases produce more acidic
solutions than conjugate acids of strong bases.

{dYK™ ion is acidic in water because it causes hydrating
water molecules to become more acidic.

(e} The percent ionization of a weak acid in water increas-
es as the concentration of acid decreases.




