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Some Definitions

* Brgnsted-Lowry
— An acid is a proton donor.
— A base is a proton acceptor.
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A Brgnsted-Lowry acid...
...must have a removable (acidic) proton.

A Brgnsted-Lowry base...
...must have a pair of nonbonding electrons.
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If it can be either...
...It Is amphiprotic.

HCO,"

HSO,"
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What Happens When an Acid
Dissolves in Water?

 \Water acts as a

H
e_ﬂ' + .H- Brensted-Lowry base

and abstracts a proton
l, (H*) from the acid.

* As aresult, the
conjugate base of the

- Y acid and a hydronium
0 + }_ii ijon are formed.
H
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Conjugate Acids and Bases

* The term conjugate comes from the Latin
word “conjugare,” meaning “to join together.”

» Reactions between acids and bases always
yield their conjugate bases and acids.

remove H™
HNO,(aq) + HyO(I) == NO, (aq) + H;0"(ag)

Acid Base Conjugate  Conjugate
base acid
-~

Adids
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Sample Exercise 16.1 Identifying Conjugate Acids and Bases

(a) What is the conjugate base of each of the following acids: HCIO,, H,S, PH,*, HCO,~? (b) What is the
conjugate acid of each of the following bases: CN-, SO,?-, H,0, HCO,~ ?

Solution

Analyze: We are asked to give the conjugate base for each of a series of species and to give the conjugate
acid for each of another series of species.

Plan: The conjugate base of a substance is simply the parent substance minus one proton, and the conjugate
acid of a substance is the parent substance plus one proton.

Solve: (a) HCIO, less one proton (H*) is CIO,~. The other conjugate bases are HS-, PH,, and CO,?~. (b) CN-
plus one proton (H*) is HCN. The other conjugate acids are HSO,~, H,0*, and H,CO,.

Notice that the hydrogen carbonate ion (HCO;") is amphiprotic. It can act as either an acid or a base.

Practice Exercise
Write the formula for the conjugate acid of each of the following: HSO,~, F-, PO,%, CO.
Answers: H,S0,, HF, HPO,?, HCO*

Agids
and
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Sample Exercise 16.2 Writing Equations for Proton-Transfer Reactions

The hydrogen sulfite ion (HSO,") is amphiprotic. (a) Write an equation for the reaction of HSO;~ with water,
in which the ion acts as an acid. (b) Write an equation for the reaction of HSO,- with water, in which the ion
acts as a base. In both cases identify the conjugate acid—base pairs.

Solution

Analyze and Plan: We are asked to write two equations representing reactions between HSO;~ and water,
one in which HSO,- should donate a proton to water, thereby acting as a Brensted—Lowry acid, and one in
which HSO,~ should accept a proton from water, thereby acting as a base. We are also asked to identify the
conjugate pairs in each equation.

Solve: (4 HSO; (ag) + H,O(l) == SO32(agq) + H30"(ag)

The conjugate pairs in this equation are HSO,~ (acid) and SO,?- (conjugate base); and H,0 (base) and H;0*
(conjugate acid). ., HSO5(ag) + HyO(l) == H,803(aq) + OH (ag)
The conjugate pairs in this equation are H,O (acid) and OH- (conjugate base), and HSO,~ (base) and H,SO,
(conjugate acid).

Practice Exercise

When lithium oxide (Li,0) is dissolved in water, the solution turns basic from the reaction of the oxide ion
(O,") with water. Write the reaction that occurs, and identify the conjugate acid-base pairs.

Answer: O*(aq) + H,0(l) ~ OH-(aq) + OH-(aqg). OH- is the conjugate acid of the base O%~. OH- is also the
conjugate base of the acid H,O.
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Acid and Base Strength
me o 3 « Strong acids are
" | Ml ivo, o 3 completely dissociated in
water.
HS0,~ 50,2 . .
, [ HPO, PO — Their conjugate bases are
HF F~ . -
HCHO;  CiHiOs 3 quite weak.
1 sy | « Weak acids only
| Eadlieng dissociate partially in
i omor o water.
: HPO, PO, . .
2 i — Their conjugate bases are
i . weak bases.
=] e Adids
and .
Acid and Base Strength
me o 3 « Substances with
ol el negligible acidity do not

dissociate in water.

HSO0, S0 § . .
, o mro — Their conjugate bases are
T exceedingly strong.
H;CO, IICb;' - %
$ ; H:S HS™ 2
£ HPO,” HPO-
- NH,* NH3
E HCO,™ €O !
K] HPO, PO,
2 i 100%
% } !l.‘!nr\}l_lrmlrd
L= 4 Adids
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Acid and Base Strength

* In any acid-base reaction, the equilibrium will
favor the reaction that moves the proton to
the stronger base.

HCI (ag) + H,O () —— H30" (ag) + CI" (aq)

* H,O is a much stronger base than Cl-, so
the equilibrium lies so far to the right that K
is not measured (K>>1). o

and
ABER
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Acid and Base Strength

* In any acid-base reaction, the equilibrium will
favor the reaction that moves the proton to
the stronger base.

CH;CO,H (ag) + H,0 () H;0" (aq) + CH;CO, (aq)
» Acetate is a stronger base than H,O, so the
equilibrium favors the left side (K<1).
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Sample Exercise 16.3 Predicting the Position of a Proton-Transfer Equilibrium

For the following proton-transfer reaction, use Figure 16.4 to predict whether the equilibrium lies
predominantly to the left (that is, K, < 1) or to the right (K, > 1):

. HSO, (ag) + CO5% (ag) == SO,4% (ag) + HCO; (a
Solution 4 (aq) 3 (ag) 4" (aq) 3 (ag)
Analyze: We are asked to predict whether the equilibrium shown lies to the right, favoring products, or to
the left, favoring reactants.

Plan: This is a proton-transfer reaction, and the position of the equilibrium will favor the proton going to the
stronger of two bases. The two bases in the equation are CO,?-, the base in the forward reaction as written,
and SO,? the conjugate base of HSO,~. We can find the relative positions of these two bases in Figure 16.4
to determine which is the stronger base.

Solve: CO,> appears lower in the right-hand column in Figure 16.4 and is therefore a stronger base than
SO,%. CO,%, therefore, will get the proton preferentially to become HCO,-, while SO, will remain mostly
unprotonated. The resulting equilibrium will lie to the right, favoring products (that is, K, > 1).

HSO, (ag) + Cng_(aq) — SOf‘(aq) + HCO; (agq) Kol
Acid Base Conjugate base Conjugate acid
Comment: Of the two acids in the equation, HSO,- and HCO,", the stronger one gives up a proton more

readily while the weaker one tends to retain its proton. Thus, the equilibrium favors the direction in which
the proton moves from the stronger acid and becomes bonded to the stronger base.

Practice Exercise

For each of the following reactions, use Figure 16.4 to predict whether the equilibrium lies predominantly to

the left or to the right: (a) Hp()_l!-“,f” + HyOil) == H,POy (ag) + OH (ag)
. (b) NH, *(ag) + OH (aq) == NHa(ag) + HyO(l)
Answers: (a) left, (b) right Adids
Bases

Autoionization of Water

« As we have seen, water is amphoteric.

 In pure water, a few molecules act as
bases and a few act as acids.

H,O () + H,O () H;O* (aq) + OH" (ag)

e This is referred to as autoionization.
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lon-Product Constant

* The equilibrium expression for this
process is

K. = [H3;07] [OH]

» This special equilibrium constant is
referred to as the ion-product constant
for water, K.

« At 25°C, K, = 1.0 x 1014 é_

and
_Basesy,
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Sample Exercise 16.4 Calculating [H*] for Pure Water
Calculate the values of [H*] and [OH] in a neutral solution at 25 °C.

Solution
Analyze: We are asked to determine the concentrations of H* and OH- ions in a neutral solution at 25 °C.
Plan: We will use Equation 16.16 and the fact that, by definition, [H*] = [OH-] in a neutral solution.
Solve: We will represent the concentration of [H*] and [OH-] in neutral solution with x. This gives
[H*[OH] = (x)(x) = 1.0 x 107
¥2=1,0 104
x=10x107M = [H] = [OH]

In an acid solution [H*] is greater than ; 1.0 x 107 M in a basic solution [H*] is less than 1.0 x 107 M.

Practice Exercise

Indicate whether solutions with each of the following ion concentrations are neutral, acidic, or basic:
@) [H1=4%x10°9M;(b) [H]=4x10°M; (c) [OH]=7 x 103 M .

Answers: (a) basic, (b) neutral, (c) acidic

Agids
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Sample Exercise 16.5 Calculating [H*] from [OH]

Calculate the concentration of H*(aq) in (a) a solution in which [OH-] is 0.010 M, (b) a solution in which

[OH]is 1.8 x109M .

Note: In this problem and all that follow, we assume, unless stated otherwise, that the temperature is 25 °C.

Solution

Analyze: We are asked to calculate the hydronium ion concentration in an aqueous solution where the

hydroxide concentration is known.

Plan: We can use the equilibrium-constant expression for the autoionization of water and the value of K, to

solve for each unknown concentration.
Solve:

a) Using Equation 16.16, we have: [H¥J[OH™] = 1.0 > 1071
This solution is basic because BET= tl-“[{;I-{]”] -
[OH"] = [H']
(b) I this instance (1] = (L0 x 10" 10x10M
This solution is acidic because (2226 18 x 107
[H™] = [OHT]

Practice Exercise

=10 % 1072 M

Calculate the concentration of OH-(aq) in a solution in which (a) [H*] = 2 x 105 M; (b) [H*] = [OH"];

(c) [H*] = 100% [OH-].
Answers: (a) 5% 102 M, (b) 1.0 x 107 M, (c) 1.0 x 10 M

pH
pH is defined as the negative base-10
logarithm of the concentration of
hydronium ion.
pH = -log [H;07]
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pH
 In pure water,
K, = [H30*] [OH]=1.0 x 104

« Since in pure water [H,0*] = [OH1],

[H,0% = 1.0 x 104 = 1.0 x 107

Agids
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pH

» Therefore, in pure water,
pH =-log (1.0 x 107) = 7.00
« An acid has a higher [H;0%] than pure water,
so its pH is <7.

* A base has a lower [H;0*] than pure water,
SO its pH is >7.

Solution Type [H"] (M) [OH 1 (M) pH Value
Acidic >1.0 X 107 <10 % 107 <7.00
Neutral =1.0.% 1077 =1.0 X lU"i =7.00
Basic <1.0x 107 =1.0 x 107 =7.00
Agids

and
P i
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[H']iM) pH pOH  [OH | (M)

These are et
the pH i
40 100
values for 0 90
several —
common : o
Borax ---------+ 1X10 90 50 1x107?
SUbStanceS § I’t’::":‘:;:“"_"f"‘fj:j:-lxlD"" 00 40 1x0°
Fixo™ e 30 axio?
B oo T
V NaOH, 0.1 M----~- B 0
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Other “p” Scales

 The “p” in pH tells us to take the
negative base-10 logarithm of the
quantity (in this case, hydronium ions).
o Some similar examples are
— pOH: -log [OH"]
- pK,,: -log K,

Adids
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Watch This!

Because
[H,0*] [OH] =K, = 1.0 x 104,
we know that
-log [H;0*] + -log [OH] = -log K, = 14.00
or, in other words,
pH + pOH = pK,, = 14.00

Agids
and

_BESeSy

© 2009, Prentice-Hall, Inc |

How Do We Measure pH?

pH range for color change
& 8

e For less accurate

| — ~—*—* measurements, one
Methyl violet Yellow ' Violet
Thymol blue Red - Yellow Yellow - Blue Can u Se
Methyl e RL'\!- Yellow —_ thmus paper
Methyl red Red - Yellow o ! Redn paper tU rns
Bromthymaol blue Yellow - Blue blu e above ~p H - 8
Phenolphthalein Colorless - Pink « ”
Alizarin yellow R Yellow -Rn.l ‘ Blue paper turns

red below ~pH =5
— Or an indicator.
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Sample Exercise 16.6 Calculating pH from [H*]
Calculate the pH values for the two solutions described in Sample Exercise 16.5.

Solution

Analyze: We are asked to determine the pH of aqueous solutions for which we have already calculated [H*].
Plan: We can calculate pH using its defining equation, Equation 16.17.

Solve:

(a) In the first instance we found [H+]. to be 1.0 x10-12M.

pH = —log(1.0 x 1071%) = —(—12.00) = 12.00
Because 1.0 x10-12 has two significant figures, the pH has two decimal places, 12.00. (b) For the second

solution, [H*] = 5.6 x 10-% M. Before performing the calculation, it is helpful to estimate the pH. To do so, we
note that [H*] lies between 1 x 106 and 1 x 10-5

I Opt e Gie 108 == 1102

Thus, we expect the pH to lie between 6.0 and 5.0. We use Equation 16.17 to calculate
the pH.
pH = —log(5.6 X 10‘6) =525

Check: After calculating a pH, it is useful to compare it to your prior estimate. In this case the pH, as we
predicted, falls between 6 and 5. Had the calculated pH and the estimate not agreed, we should have

reconsidered our calculation or estimate or both.

Practice Exercise

(a) In a sample of lemon juice [H*] is 3.8 x 104 M. What is the pH? (b) A commonly available window-
cleaning solution has [OH-] = 1.9 x10-°M . What is the pH? .
Answers: (a) 3.42, (b) [H*] = 5.3 x10-*M, s0 pH = 8.28 Agids

&
Euley

Bases

Sample Exercise 16.7 Calculating [H*] from pH
A sample of freshly pressed apple juice has a pH of 3.76. Calculate [H*].

Solution

Analyze: We need to calculate [H*] from pH.

Plan: We will use Equation 16.17, pH = —log[H~], for the calculation.
Solve: From Equation 16.17, we have pH = —log[H*] = 376

Thus, log[H*] = =3.76

To find [H*] , we need to determine the antilog of —3.76. Scientific
calculators have an antilog function (sometimes labeled INV 109 [11+] = antilog(~3.76) = 107376 = 17 = 104 M
or 10) that allows us to perform the calculation: :

Comment: Consult the user’s manual for your calculator to find out how to perform the antilog operation. The
number of significant figures in [H*] is two because the number of decimal places in the pH is two.

Check: Because the pH is between 3.0 and 4.0, we know that [H*] will be between 1 x 103 and 1 x 10-* M. Our
calculated [H*] falls within this estimated range.

Practice Exercise
A solution formed by dissolving an antacid tablet has a pH of 9.18. Calculate [H*] .
Answer: [H*] = 6.6x 1010 M

Agids
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How Do We Measure pH?

For more accurate
measurements, one
uses a pH meter,
which measures the
voltage in the
solution.

Adids

and
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Strong Acids

* You will recall that the seven strong acids are
HCI, HBr, HI, HNO3, H,SO,, HCIO,, and
HCIO,.

» These are, by definition, strong electrolytes
and exist totally as ions in agueous solution.

» For the monoprotic strong acids,
[H;0%] = [acid].
Adids

and
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Strong Bases

» Strong bases are the soluble hydroxides,
which are the alkali metal and heavier
alkaline earth metal hydroxides (Ca?*, Sr2*,
and Ba?").

» Again, these substances dissociate
completely in aqueous solution.

Agids
and
_Bases
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Sample Exercise 16.8 Calculating the pH of a Strong Acid

What is the pH of a 0.040 M solution of HCIO,?

Solution
Analyze and Plan: Because HCIO, is a strong acid, it is completely ionized, giving [H*] = [CIO,]=0.040 M
Solve: The pH of the solution is given by

pH = -log(0.040) = 1.40.

Check: Because [H*] lies between 1 x 102 and 1 x 10-%, the pH will be between 2.0 and 1.0. Our calculated
pH falls within the estimated range. Furthermore, because the concentration has two significant figures, the
pH has two decimal places.

Practice Exercise
An aqueous solution of HNO, has a pH of 2.34. What is the concentration of the acid?
Answer: 0.0046 M

Agids
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Sample Exercise 16.9 Calculating the pH of a Strong Base

What is the pH of (a) a 0.028 M solution of NaOH, (b) a 0.0011 M solution of Ca(OH),?
Solution

Analyze: We are asked to calculate the pH of two solutions of strong bases.

Plan: We can calculate each pH by either of two equivalent methods. First, we could use Equation 16.16 to
calculate [H*] and then use Equation 16.17 to calculate the pH. Alternatively, we could use [OH] to
calculate pOH and then use Equation 16.20 to calculate the pH.

Solve:

(a) NaOH dissociates in water to give one OH- ion per formula unit. Therefore, the OH- concentration for
the solution in (a) equals the stated concentration of NaOH, namely 0.028 M.

Method 1:
: 1.0 = 1™ o 1 = 13 e
H'] = o0 - 3ISTXI0TM  pH = —log3.57 x 107%) = 1245
Methad 2:
pPOH = —log(0.028) = 1.55 pH = 1400 — pOH = 1245

(b) Ca(OH), is a strong base that dissociates in water to give two OH- ions per formula unit. Thus, the
concentration of OH-(aq) for the solution in part (b) is 2 x (0.0011 M) = 0.0022 M

Method 1

= MU oo 102 pH = —log(d.55 % 10 = 1134
Method 2:
. pOH = —log(0.0022) = 266 pH = 1400 — pOH = 1134

Practice Exercise
What is the concentration of a solution of (a) KOH for which the pH is 11.89; (b) Ca(OH), for which the pH
is 11.68?
Answers: (a) 7.8 x 103 M, (b) 2.4 10 M Agids

and
_Bases

Dissociation Constants

» For a generalized acid dissociation,
HA (ag) + H,0O () A (ag) + H307 (aq)
the equilibrium expression would be

_ [HO"[A]
©= " [HA]

» This equilibrium constant is called the
acid-dissociation constant, K.

K

Agids
and
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Dissociation Constants

The greater the value of K, the stronger is the acid.

Structural Conjugate Equilibrium

Acid Formula® Base Reaction K,
Hydrofluoric (HF) H—F F HF{ag) + HaO(f) == HyO*(aq) + F (ag) 6.8 x 107
Nitrous (HNO,) H—0—N=0 NO; HNO3{ag) + HyO(f) == H30%{(ag) + NO; (ag) 45 x 1074
I
Benzoic (CHsCOOH) If—l'l—(.’@ CHsCOO CeHsCOOH(ayg) + HaO{) =— 63 % 1077
H:O ag) + CeHCO0 {ag)
il
Acetic (CH.CO0H) H—0—C—C—H CHLCO0 CHLCOOH({ag) + HO() — 18 % 107
P H3O0 ag) + CH2COO (ag)
Hypochlorous (HCIO)  H—0—Cl CIHY HCIO{ag) + HoO() == H30(nq) + ClO (ag) 3.0 % 10 9
Hydrocyanic (HCN)  H—C=N CN HCN(ag) + HyO() === HsO"(aq) + CN (ag) 4.9 x 10"

Phenol (HOCgHs) |---0-@ CHO HCHsOag) + Ha0(l) === 13 % 10710
H40(ug) + CHsO (ag)

* The proton that konlses is shown in blie.

Agids
and

_Bases\,
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Calculating K, from the pH

The pH of a 0.10 M solution of formic acid,
HCOOH, at 25°C is 2.38. Calculate K, for
formic acid at this temperature.

We know that

[H;0%] [COO]

Ka= “{HCOOH]

Agids
and
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Calculating K, from the pH

The pH of a 0.10 M solution of formic acid,
HCOOH, at 25°C is 2.38. Calculate K, for
formic acid at this temperature.

To calculate K, we need the equilibrium
concentrations of all three things.

We can find [H;O*], which is the same as
[HCOO], from the pH.

Agids
and

AN
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Calculating K, from the pH

pH = -log [H;07]
2.38 = -log [H307]
-2.38 = log [H307]
10-2.38 = 1(Qlog [H30%] = [H3O+]
4.2 x 103 = [H;0*] = [HCOO]

Agids
and

AN
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Calculating K, from pH

Now we can set up a table...

[HCOOH], M [H;O], M [HCOO], M
Initially 0.10 0 0
Change
At Equilibrium
Adids
and
AN
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Calculating K, from pH

« = [4.2x10%[4.2 x 109
a [0.10]

=1.8x 104

Agids
and

AN
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Sample Exercise 16.10 Calculating K, from Measured pH
A student prepared a 0.10 M solution of formic acid (HCOOH) and measured its pH. The pH at 25 °C was
found to be 2.38. Calculate K, for formic acid at this temperature.
Solution
Analyze: We are given the molar concentration of an aqueous solution of weak acid and the pH of the
solution, and we are asked to determine the value of K, for the acid.
Plan: Although we are dealing specifically with the ionization of a weak acid, this problem is very similar
to the equilibrium problems we encountered in Chapter 15. We can solve this problem using the method
first outlined in Sample Exercise 15.9, starting with the chemical reaction and a tabulation of initial and
equilibrium concentrations.
Solve: The first step in solving any equilibrium problem
is to write the equation for the equilibrium reaction. The

ionization of formic acid can be written as follows: HCOOH(aq) H*(aq) + HCOO’(aq)
The equilibrium-constant expression is i e
From the measured pH, we can calculate [H*]: _ [HTHCOOT]

i . i £ [HCOOH]
We can do a little accounting to determine the
concentrations of the species involved in the equilibrium. _ act
We imagine that the solution is initially 0.10 M in pH = —log[H"] = 2.38
HCOOH molecules. We then consider the ionization of log[H*’] —.—Hing
the acid into H* and HCOO-. For each HCOOH -
molecule that ionizes, one H* ion and one ion HCOO~ [Hf]:=10722 =42 % 102 M
are produced in solution. Because the pH measurement
indicates that [H*] = 4.2 x 10~ M at equilibrium, we can Adids

construct the following table: o

Bases

Sample Exercise 16.10 Calculating K, from Measured pH
Solution (Continued)

Notice that we have neglected the very small peleioy =2 BHGY  wr Eechnnl)

concentration of H*(aq) that is due to the Initial 0.10M 0 il
autoionization of H,0. Notice also that the Change 47 % 10 M 472 X 10° M 42 % 105 M

amount of HCOOH that ionizes is very small
compared with the initial concentration of the
acid. To the number of significant figures we are

using, the subtraction yields 0.10 M: (010 - 42 x 103 M = 0.10 M

Equilibrium (010 = 42 = 1079 M 42 %10 M 42 % 103 M

We can now insert the equilibrium centrations K (4.2 > 107342 x 107% ]

into the expression for K.;: 0.10 B % 107

Check: The magnitude of our answer is reasonable because K, for a weak acid is usually between 10-3 and 10-°

Practice Exercise

Niacin, one of the B vitamins, has the following molecular structure:
0

I
O/{ —0—H
N
A 0.020 M solution of niacin has a pH of 3.26. What is the acid-dissociation constant, K, for niacin?

Answers: 1.5 x 10-5 .
Acids

and
Bases




Calculating Percent lonization

» Percent lonization :[[||:||3TC])..1.]U? x 100
* In this example
[HyO*]eq = 4.2 x 10° M
[HCOOH];iiy = 0.10 M

o 4.2 x 103
Percent lonization = 010 100

— 4 2% Agids

and
Bases
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Sample Exercise 16.11 Calculating Percent lonization

A 0.10 M solution of formic acid (HCOOH) contains 4.2 x 10-3M H*(aq) . Calculate the percentage of the
acid that is ionized.

Solution

Analyze: We are given the molar concentration of an aqueous solution of weak acid and the equilibrium
concentration of H*(aq) and asked to determine the percent ionization of the acid.

Plan: The percent ionization is given by Equation 16.27.

Solve: +
[H ]equilibriu.m 42 1073 M
P tionization = —————— X 100% = ————— X 100% = 42%
ercent 1onization [HCOOH]mml 010 M /1

Practice Exercise
A 0.020 M solution of niacin has a pH of 3.26. Calculate the percent ionization of the niacin.
Answer: 2.7%

Agids
and
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Calculating pH from K,

Calculate the pH of a 0.30 M solution of
acetic acid, HC,H,0,, at 25°C.

HC,H;0; (ag) + H,O ) H30" (aq) + C,H30;" (ag)

K, for acetic acid at 25°C is 1.8 x 10°.

Agids
and

_Bases.,

Calculating pH from K,

The equilibrium constant expression is

_ [H30*] [C,H0,7]

K
! [HC,H;0,]

Agids
and
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We next set up a table...

Calculating pH from K,

[C;H;0,], M [H,O0], M [C;H;0,1, M
Initially 0.30 0 0
Change
At Equilibrium

We are assuming that x will be very small
compared to 0.30 and can, therefore, be ignored.

Aéigs
s,
Calculating pH from K,
Now,
5 (¥)?
1.8 x 10 (0.30)
(1.8 x 10) (0.30) = x2
5.4 x 106 = x?
2.3x103%=x I Adids

and
ABER
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Calculating pH from K,

pH = -log [H;07]
= -log (2.3 x 10?)

=2.64

Agids
and
Bases
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Sample Exercise 16.12 Using K, to Calculate pH
Calculate the pH of a 0.20 M solution of HCN. (Refer to Table 16.2 or Appendix D for the value of K,.)

Solution

Analyze: We are given the molarity of a weak acid and are asked for the pH. From Table 16.2, Ka for HCN is
4.9 x 1010,

Plan: We proceed as in the example just worked in the text, writing the chemical equation and constructing a
table of initial and equilibrium concentrations in which the equilibrium concentration of H* is our unknown.

Solve: Writing both the chemical equation for HCN(aq) == H'(aq) + CN (aq)
the ionization reaction that forms H*(ag) and the o
ilibri i [HTJICNT] e
equilibrium-constant (K,) expression for the == — =49 x1071°
reaction: [HCN]
HCMiag) — H"(ag) i CN"{ag)

Next, we tabulate the concentration of the

species involved in the equilibrium reaction, | itial D20 a g
letting x = [H*] at equilibrium: Lhange ! =M txM t2
Equilibrium | 020 = o) M xrM xM
Substituting the equilibrium concentrations
from the table into the equilibrium-constant X = ) _ 40 % 10°10
expression yields 020 — x :
Adids

and
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Sample Exercise 16.12 Using K, to Calculate pH

Solution
(Continued) 020 — x = 0.20
We next make the simplifying approximation x2 o it
that x, the amount of acid that dissociates, is —— =49 x 10
. P ; 0.20
small_ compared with the initial concentration
of acid; that is, 2 = (020)(4.9 X 10710) 098 % 1010

Thus, x=V098 x 107 =99 x 10°M = [HY]

Solving for x, we have

A concentration of 9.9 x 10-6M is much

smaller than 5% of 0.20, the initial HCN

concentration. Our simplifying approximation pH = —log[H*| = —log(9.9 x 107%) = 5.00
is therefore appropriate. We now calculate the

pH of the solution:

Practice Exercise
The Ka for niacin (Practice Exercise 16.10) is 1.5 x 105. What is the pH of a 0.010 M solution of niacin?

Answer: 3.41 :
Agids

and
Bases

Sample Exercise 16.13 Using K, to Calculate Percent lonization
Calculate the percentage of HF molecules ionized in (a) a 0.10 M HF solution, (b) a 0.010 M HF solution.

Solution

Analyze: We are asked to calculate the percent ionization of two HF solutions of different concentration.
From Appendix D, we find K, = 6.8 x 104

Plan: We approach this problem as we would previous equilibrium problems. We begin by writing the
chemical equation for the equilibrium and tabulating the known and unknown concentrations of all species.
We then substitute the equilibrium concentrations into the equilibrium-constant expression and solve for the
unknown concentration, that of H*

Solve: HFaq) = H'iy) i Fiag)
(@) The equilibrium reaction and equilibrium | yial T 010 M I 0 T 0 [
concentrations are as follows: Chinie I M o M | o M I

Equilibrium (0,10 = 1) M M x M |

The equilibrium-constant expression is : F ; : :
[HIF] (xHx)

[HF] 010 —x

6.8 x 104
When we try solving this equation using the

approximation 0.10 — x = 0.10 (that is, by neglecting
the concentration of acid that ionizes in comparison
with the initial concentration), we obtain x=82x107°M

Agids
and
Bases




Sample Exercise 16.13 Using K, to Calculate Percent lonization
Solution (Continued)

x? = (0.10 — x)(6.8 % 10°H
= 6.8 % 107° — (6.8 X 107Hx

Because this value is greater than 5% of 0.10 M, we 24 (68X 109% — 68 x 105 =0
should work the problem without the approximation,
using an equation-solving calculator or the quadratic = b= V2 — dac
formula. Rearranging our equation and writing it in 28
standard quadratic form, we have = OB X 10% + V6.8 x 10792 + 4(6.8 % 109
2
This equation can be solved using the standard = =68 X107 £ 1.6 x 1072
quadratic formula. 2
Substituting the appropriate numbers gives
r=[HN =[F]1=79%x10"M
Of the two solutions, only the one that gives a positive i - R I "
value for x is chemically reasonable. Thus, Lerceuplonization L EL original concentration O
From our result, we can calculate the percent of FOMCTOONE oo
molecules ionized: ORIy Bt
2
(b) Proceeding similarly for the 0.010 M solution, we m =68 x 10
have '
\?V(;I\(/Jlbrlgitnhe resultant quadratic expression, S [H'] = [F] = 23 % 10° M
The percentage of molecules ionized is 0.0093 M. o, 007 — ooy -
0.010 M R Agéids
and
Bases .

Sample Exercise 16.13 Using K, to Calculate Percent lonization

Solution
(Continued)

Comment: Notice that if we do not use the quadratic formula to solve the problem properly, we calculate 8.2%
ionization for (a) and 26% ionization for (b). Notice also that in diluting the solution by a factor of 10, the
percentage of molecules ionized increases by a factor of 3. This result is in accord with what we see in Figure
16.9. It is also what we would expect from Le Chatelier’s principle. (Section 15.7) There are more “particles” or
reaction components on the right side of the equation than on the left. Dilution causes the reaction to shift in the
direction of the larger number of particles because this counters the effect of the decreasing concentration

of particles.

Practice Exercise

In Practice Exercise 16.11, we found that the percent ionization of niacin (K, = 1.5 x 10-°) in a 0.020 M
solution is 2.7%. Calculate the percentage of niacin molecules ionized in a solution that is (a) 0.010 M, (b) 1.0
x 103 M.

Answers: (a) 3.9%, (b) 12%

Agids
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Polyprotic Acids...

..have more than one acidic proton

If the difference between the K, for the first
dissociation and subsequent K, values is
103 or more, the pH generally depends only
on the first dissociation.

Name Formula Kn Ka2 K3

Ascorbic H,CHeOx 80 x 107 1.6 x 10712

Carbonic H,CO; 43 x 107 56 x 107"

Citric HaCeH0, 74 x 107 1.7 X 1073 40 % 107

Oxalic H,C,0, 59 % 1072 6.4 % 107°

Phosphoric H4POy 7.5 X 107 62 x 1078 42 x 10713

Sulfurous H,50; 1.7 x 1072 6.4 % 1078 adid

Sulfuric H;50, Large 1.2 % IO_E ar:ds

Tartaric HCyH,0; 1.0 x 1073 4.6 % 107° )
_Basesy
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Weak Bases

Bases react with water to produce hydroxide ion.

add H'

| |

NHj(aq) + H,O()) == NHy" (aq) + OH (aq)

Base Acid Conjugate  Conjugate
acid base
remove H* T
Agids
and

AN
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Weak Bases

The equilibrium constant expression for
this reaction is

_ [HB] [OH]
[B]

Ky

where K, is the base-dissociation constant.

Agids
and

_BESeSy
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Weak Bases

K, can be used to find [OH] and, through it, pH.

Lewis Conjugate Equilibrium

Base Structure Acid Reaction Ky
Ammonia (NH3) ll—.'wli—n NH,' NHj + Hy0 === NH," + OH 18 x 107

H
Pyridine (CsHsN) { O N: CsHsNH CsHsN + Hy0 = CsH:NH" + OH 17 = 107
Hydroxylamine (H;NOH) 1|—.'~|l'—§§u HNOH* HNOH + Hy0O === HNOH™ + OH 11 % 107%

H
Methylamine (NH,CHy) H—.'lx"—tlh NHfCHy"  NHCHj + HiO == NHyCH," + OH 44 %0

H
Hydrosulfide ion (HS") |:i|—:5:-‘:| HS HS™ + Hy0 = H35 + OH 18 x 107

3

. | i
Carbonate ion (CO4*) _{_./c Sg HCOy COs* + H30 == HCOy™ + OH 18 x 107
Hypochlorite ian (CI07) Eq-@:] HCIO CIO™ + Hy0 === HCIO + OH 33 %107
Agids
and

_BSesy
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Sample Exercise 16.15 Using K, to Calculate OH ™
Calculate the concentration of OH-in a 0.15 M solution of NH,.

Solution

Analyze: We are given the concentration of a weak base and are asked to determine the concentration of OH-.
Plan: We will use essentially the same procedure here as used in solving problems involving the ionization of
weak acids; that is, we write the chemical equation and tabulate initial and equilibrium concentrations.
Solve:We first write the ionization reaction NHs(aq) + HaO{l) == NH,*(aq) + OH (ag)

and the_correspondmg equilibrium-constant (K,) NHOH .

expression: Ky [NHJ 1.8 10

We then tabulate the equilibrium concentrations NHiag) + HOM) == NHWg) + OHjag
involved in the equilibrium: [niiat [ osm | — ] [ [ o

P hange | M = | s M | axm
(We ignore the concentration of H,0 because it Fquilibritum 015 - 1) M M
is not involved in the equilibrium-constant ) ) ) ) )
exprgssi_on.) Inserting these q_uanti'ties into the [NH, " IOH ] @)
equilibrium-constant expression gives the Ky = T NHg 05
following: ’

=18 x 1075

X

Because K, is small, we can neglect the small
amount of NH, that reacts with water, as = (0.15)(L8 % 1075 = 27 % 10°¢
compared to the total NH, concentration; that is,
we can neglect x relative to 0.15 M. Then we
have

¥ = [NH" = [OH] = V27 % 108 = 16 % 10° M

Agids
and
Bases

Sample Exercise 16.15 Using K, to Calculate OH ™
Solution (Continued)

Check: The value obtained for x is only about 1% of the NH, concentration, 0.15 M. Therefore, neglecting x
relative to 0.15 was justified.

Comment: You may be asked to find the pH of a solution of a weak base. Once you have found [OH-], you
can proceed as in Sample Exercise 16.9, where we calculated the pH of a strong base. In the present sample
exercise, we have seen that the 0.15 M solution of NH, contains [OH-] = 1.6 x 10 M. Thus, pOH = -log(1.6
x 103) = 2.80, and pH = 14.00 — 2.80 = 11.20. The pH of the solution is above 7 because we are dealing with
a solution of a base.

Practice Exercise

Which of the following compounds should produce the highest pH as a 0.05 M solution: pyridine,
methylamine, or nitrous acid?

Answer: methylamine (because it has the largest K, value of the two amine bases in the list)

Agids
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Sample Exercise 16.16 Using pH to Determine the Concentration of a Salt
A solution made by adding solid sodium hypochlorite (NaClO) to enough water to make 2.00 L of solution
has a pH of 10.50. Using the information in Equation 16.37, calculate the number of moles of NaClO that
were added to the water.

Solution

Analyze: We are given the pH of a 2.00-L solution of NaCIO and must calculate the number of moles of
NaClO needed to raise the pH to 10.50. NaCIO is an ionic compound consisting of Na* and CIO- ions. As
such, it is a strong electrolyte that completely dissociates in solution into Na+ which is a spectator ion, and
CIO- ion, which is a weak base with K, = 3.3 x 10-7 (Equation 16.37).

Plan: From the pH, we can determine the equilibrium concentration of OH-. We can then construct a table
of initial and equilibrium concentrations in which the initial concentration of CIO- is our unknown. We can
calculate [CIO-] using the equilibriumconstant expression, K.

Solve:

We can calculate [OH-] by using either
Equation 16.16 or Equation 16.20; we will use
the latter method here:

This concentration is high enough that we can
assume that Equation 16.37 is the only source
of OH-; that is, we can neglect any OH-
produced by the autoionization of H,0. IO (ag) + HO) = HCKXeq) + OH (o)
We now assume a value of x for the initial nitial | M = 0 [ 0

pOH = 1400 - pH = 1400 - 10.50 = 3,50
[OH ] =10 =32 < 104 M

concentration of CIO-and solve the equilibrium | ciing. —32 % 104 M 325 10M | +32 %10 M

problem in the usual way. [ Equiliorium |_(x— 32 < 109 M | | 32w M |a2<w0 M |
AEIUS
and
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Sample Exercise 16.16 Using pH to Determine the Concentration of a Salt

Solution (Continued)

We now use the expression for the base- g,
dissociation constant to solve for x:

[HCIONOH™] (3.2 x 107

3.3 = 1077
(€107 x-32x 10

32 % 1074

+ (32 %10 =031 M
x 1077

Thus

We say that the solution is 0.31 M in NaCIlO even though some of the CIO- ions have reacted with water.
Because the solution is 0.31 M in NaClO and the total volume of solution is 2.00 L, 0.62 mol of NaCIO is
the amount of the salt that was added to the water.

Practice Exercise
A solution of NH, in water has a pH of 11.17. What is the molarity of the solution?
Answer: 0.12 M

Agids
and
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pH of Basic Solutions

What is the pH of a 0.15 M solution of NH;?

NH; (ag) + H,O () NH,* (agq) + OH" (aqg)

— [NH,] [OH]

= TTINRy

=1.8x10°

Agids
and

ABER
pH of Basic Solutions
Tabulate the data.
[NH,], M [NH,/ ], M  [OH], M
Initially 0.15 0 0

At Equilibrium

Agids
and

AN
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pH of Basic Solutions

5_  (X)?
1.8 x 10> = (0.15)

(1.8 x 10) (0.15) = X2
2.7 x 106 =x2
1.6 x 103 =x

Agids
and
_Bases.,

pH of Basic Solutions

Therefore,
[OH]=1.6 x 103 M
pOH = -log (1.6 x 10-3)
= 2.80
pH =14.00 - 2.80
=11.20

Agids
and
_Basesy,




K, and K,

a
Acid K, Base Ky
HNO; (Strong acid) NO; (Negligible basicity)
HF 6.8 x 1071 F 1.5 x 1071
HC,H;0, 1.8 x 107° C3H40, 5.6 x 10710
H,CO;4 43 % 107 HCO;~ 23 x 1078
NH, " 56 % 10710 NH; 1.8 x 1079
HCO; 5.6 % 1071 CO;? 1.8 x 1074
OH (Negligible acidity) 0? (Strong base)

K, and K, are related in this way:

Ky x Ky = K,
Therefore, if you know one of them, you can
calculate the other. o

and
Bases
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Sample Exercise 16.17 Calculating K, or K, for a Conjugate Acid-Base Pair

Calculate (a) the base-dissociation constant, K, for the fluoride ion (F-); (b) the aciddissociation constant, K,
for the ammonium ion (NH,*).

Solution

Analyze: We are asked to determine dissociation constants for F-, the conjugate base of HF, and NH,* , the
conjugate acid of NH,.

Plan: Although neither F-nor NH,* appears in the tables, we can find the tabulated values for ionization
constants for HF and NH,, and use the relationship between K, and K, to calculate the ionization constants
for each of the conjugates.

Solve:

(a) K, for the weak acid, HF, is given in Table 16.2 and Appendix D as K,= 6.8 x 10-. We can use Equation
16.40 to calculate K, for the conjugate base, F~:

K, 10x 10
K=—r=——— =15 x 10}
" K. 68 x10*

(b) K, for NHj is listed in Table 16.4 and in Appendix D as K, = 1.8 x 10-. Using Equation 16.40, we can
calculate K, for the conjugate acid, NH,*:

_ K, 10x10™

=2 =56 % 10710
T K 18x107°

Agids
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Sample Exercise 16.17 Calculating K, or K, for a Conjugate Acid-Base Pair
Practice Exercise

(a) Which of the following anions has the largest base-dissociation constant: NO,-, PO,*-, or N;? (b) The base

quinoline has the following structure:
[N@

Its conjugate acid is listed in handbooks as having a pK, of 4.90. What is the base dissociation
constant for quinoline?

Answers: (a) PO,* (K, = 2.4 x 10?), (b) 7.9 x 1010

Agids
and
_Bases

Reactions of Anions with Water

e Anions are bases.

» As such, they can react with water in a
hydrolysis reaction to form OH- and the
conjugate acid:

X (ag) + H,O () HX (ag) + OH" (aq)

Agids
and
_Bases
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Reactions of Cations with Water

Weak
electrostatic
interaction

-0

- )/ —%
Weak shift of
electron density

Strong
electron
interaction

A\,

Strong shift of
electron density

» Cations with acidic protons
(like NH,*) will lower the pH
of a solution.

* Most metal cations that are
hydrated in solution also
lower the pH of the solution.

Agids
and

e\
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Reactions of Cations with Water

Weak
electrostatic
interaction

-0

- )/ —%
Weak shift of
electron density

Strong
electron
interaction

A\,

Strong shift of
electron density

» Attraction between nonbonding
electrons on oxygen and the
metal causes a shift of the
electron density in water.

* This makes the O-H bond more
polar and the water more acidic.

» Greater charge and smaller size
make a cation more acidic.

Agids
and

e\
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Salt
Indicator:

Estimated pH

Effect of Cations and Anions

! % l'-ﬂl '——. 1. An anion that is the
: %‘3 ) f:%'*p conjugate base of a strong
N | j acid will not affect the pH.

I I

e -

o wl. 2. An anion that is the
= G

conjugate base of a weak
T i s T acid will increase the pH.
W w30 A cation that is the

conjugate acid of a weak
base will decrease the pH.

Adids

_sae
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Effect of Cations and Anions

Cations of the strong
Arrhenius bases will not
affect the pH.

Other metal ions will
cause a decrease in pH.

When a solution contains
both the conjugate base
of a weak acid and the
conjugate acid of a weak
base, the affect on pH
depends on the K, and K,
values.

ids

_sae
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Sample Exercise 16.18 Determining Whether Salt Solutions Are Acidic, Basic, or

Neutral
Determine whether aqueous solutions of each of the following salts will be acidic, basic, or neutral: (a)
Ba(CH,C0O0),, (b) NH,Cl, (c) CH,NH,Br, (d) KNO,, (e) Al(CIO,),.

Solution

Analyze: We are given the chemical formulas of five ionic compounds (salts) and asked whether their

aqueous solutions will be acidic, basic, or neutral.

Plan: We can determine whether a solution of a salt is acidic, basic, or neutral by identifying the ions in

solution and by assessing how each ion will affect the pH.

Solve:

(a) This solution contains barium ions and acetate ions. The cation, Ba?*, is an ion of one of the heavy

alkaline earth metals and will therefore not affect the pH (summary point 4). The anion, CH,COO-, is the

conjugate base of the weak acid CH,COOH and will hydrolyze to produce OH- ions, thereby making the

solution basic (summary point 2).

(b) This solution contains NH,* and Cl-ions. NH,* is the conjugate acid of a weak base (NH,) and is

therefore acidic (summary point 3). Cl- is the conjugate base of a strong acid (HCI) and therefore has no

influence on the pH of the solution (summary point 1). Because the solution contains an ion that is acidic

(NH,*) and one that has no influence on pH (CI-), the solution of NH,CI will be acidic.

(c) This solution contains CH,NH,* and Br-ions. CH,NH,* is the conjugate acid of a weak base (CH,NH,,

an amine) and is therefore acidic (summary point 3). is the conjugate base of a strong acid (HBr) and is

therefore pH-neutral (summary point 1). Because the solution contains one ion that is acidic and one that is

neutral, the solution of CH,NH,Br will be acidic.

(d) This solution contains the K* ion, which is a cation of group 1A, and the ion NO,~, which is the

conjugate base of the strong acid HNO,. Neither of the ions will react with water to any appreciable extent

(summary points 1 and 4), making the solution neutral. adids
and
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Sample Exercise 16.18 Determining Whether Salt Solutions Are Acidic, Basic, or
Neutral

Solution (Continued)

(e) This solution contains AI** and CIO,~ ions. Cations, such as Al®*, that are not in groups 1A or 2A are
acidic (summary point 5). The CIO,- ion is the conjugate base of a strong acid (HCIO,) and therefore does
not affect pH (summary point 1). Thus, the solution of Al(CIO,), will be acidic.

Practice Exercise

In each of the following, indicate which salt in each of the following pairs will form the more acidic (or less
basic) 0.010 M solution: (a) NaNO,, or Fe(NO,),; (b) KBr, or KBrO; (c) CH,NH,CI, or BaCl,, (d) NH,NO,,
or NH,NO,.

Answers: (a) Fe(NO,),, (b) KBr, (c) CH,NH,CI, (d) NH,NO3

Agids
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Sample Exercise 16.19 Predicting Whether the Solution of an Amphiprotic Anion
is Acidic or Basic

Predict whether the salt Na,HPO, will form an acidic solution or a basic solution on dissolving in water.

Solution

Analyze: We are asked to predict whether a solution of Na,HPO, will be acidic or basic. This substance is
an ionic compound composed of Na*and HPO,2- ions.

Plan: We need to evaluate each ion, predicting whether each is acidic or basic. Because Na* is a cation of
group 1A, we know that it has no influence on pH. It is merely a spectator ion in acid—base chemistry. Thus,
our analysis of whether the solution is acidic or basic must focus on the behavior of the HPO,>-ion. We
need to consider the fact that HPO,?- can act as either an acid or a base.

HPO? (aq) == H'(ag) + POS (ag) [16.45]
Hl‘(),,:"tmn + HoO == Ha,POy (aq) + OH (aq) |16.46]
The reaction with the larger equilibrium constant will determine whether the solution is acidic or basic
Solve: The value of K, for Equation 16.45, as shown in Table 16.3, is 4.2 x 10-13. We must calculate the

value of K for Equation 16.46 from the value of K, for its conjugate acid, H,PO,~. We make use of the
relationship shown in Equation 16.40. K, x K, = K,

We want to know K, for the base HPO,?-, knowing the value of K, for the conjugate acid HPO,>:
Kp(HPOZ) % K (H,POy7) = K, = 1.0 x 10714

Because K, for H,PO,~ is 6.2 x 108 (Table 16.3), we calculate K, for H,PO,?-to be 1.6 x 10-7. This is
more than 10° times larger than K, for H,PO,2-; thus, the reaction shown in Equation 16.46 predominates

over that in Equation 16.45, and the solution will be basic. ACigS
an

Bases

Sample Exercise 16.19 Predicting Whether the Solution of an Amphiprotic Anion
is Acidic or Basic

Practice Exercise

Predict whether the dipotassium salt of citric acid (K,HC;H,O,) will form an acidic or basic solution in water
(see Table 16.3 for data).
Answer: acidic

Agids
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Lewis Acids

Lewis Lewis
base acid

» Lewis acids are defined as electron-pair

acceptors.
« Atoms with an empty valence orbital can be Lewis
acids. &

and
P i
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Lewis Bases

Lewis Lewis
base acid

» Lewis bases are defined as electron-pair donors.

» Anything that could be a Brgnsted-Lowry base is
a Lewis base.

» Lewis bases can interact with things other than

gids
protons, however. y "
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Sample Integrated Exercise Putting Concepts Together

Phosphorous acid (H,PO,) has the following Lewis structure

(@) Explain why H,PO; is diprotic and not triprotic. (b) A 25.0-mL sample of a solution of H,PO, is titrated
with 0.102 M NaOH. It requires 23.3 mL of NaOH to neutralize both acidic protons. What is the molarity of
the H,PO, solution? (c) The original solution from part (b) has a pH of 1.59. Calculate the percent ionization
and K, for H,PO,, assuming that K, >> K_,. (d) How does the osmotic pressure of a 0.050 M solution of
HCI compare qualitatively with that of a 0.050 M solution of H,PO,? Explain.

Solution

We will use what we have learned about molecular structure and its impact on acidic behavior to answer
part (a). We will then use stoichiometry and the relationship between pH and [H*] to answer parts (b) and
(c). Finally, we will consider acid strength in order to compare the colligative properties of the two
solutions in part (d).

(a) Acids have polar H—X bonds. From Figure 8.6 we see that the electronegativity of H is 2.1 and that of
P is also 2.1. Because the two elements have the same electronegativity, the H—P bond is nonpolar.
(Section 8.4) Thus, this H cannot be acidic. The other two H atoms, however, are bonded to O, which has
an electronegativity of 3.5. The H—O bonds are therefore polar, with H having a partial positive charge.
These two H atoms are consequently acidic.

(b) The chemical equation for the neutralization reaction is

H,PO,(aq) + 2 NaOH(aq)-Na,HPO3(aq) + 2 H,O(l) -
Agids
and
Bases

Sample Integrated Exercise Putting Concepts Together

Solution (Continued)

From the definition of molarity, M = mol/L, we see that moles = M x L. (Section 4.5) Thus, the number of
moles of NaOH added to the solution is (0.0233 L)(0.102 mol/L) = 2.38 x 102 mol NaOH. The balanced
equation indicates that 2 mol of NaOH is consumed for each mole of H,PO,. Thus, the number of moles of

H;PO; in the sample is ol )

2 mol NaOH

The concentration of the H,PO, solution, therefore, equals (1.19 x10- mol)/(0.0250 L) = 0.0476 M.
(c) From the pH of the solution, 1.59, we can calculate at equilibrium.

[H*] = antilog(—1.59) = 1075 = 0.026 M (two significant figures)

Because Ka1 = K. the vast majority of the ions in solution are from the first ionization
step of the acid.

(2.38 % 102 mol NaOH)( ) = 1.19 % 10~ mol H;PO;

H3POs(aq) == H'(ag) + HaPO3 (ag)

Because one H,PO,~ion forms for each H* ion formed, the equilibrium concentrations of H* and H,PO,~ are
equal: [H*] = [H,PO3-] = 0.026 M. The equilibrium concentration of H,PO, equals the initial concentration
minus the amount that ionizes to form H* and H,PO,~: [H,PO,] = 0.0476 M —0.026 M = 0.022 M (two
significant figures). These results can be tabulated as follows:

H3POsz(aq) — H'(aq) +  HalO3 (aq)
Initial 0.0476 M 0 0
Change =0.026 M +0.026 M +0.026 M
Equilibrium 0022 M 0mamM 0.026 M Adids
and
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Sample Integrated Exercise Putting Concepts Together

Solution (Continued)

The percent ionization is

[H . quitibsi 0.026 M
Percent ionization = ﬁ X 100% = oo X 100% = 5%

The first acid-dissociation constant is
[HYI[HPO57]  (0.026)(0.026) :
Kjq = = = 0.031
[H5PO3] 0.022
(d) Osmotic pressure is a colligative property and depends on the total concentration of particles in solution.
(Section 13.5) Because HCl is a strong acid, a 0.050 M solution will contain 0.050 M H*(aq) and 0.050 M
Cl-(aq), or a total of 0.100 mol/L of particles. Because H,PO, is a weak acid, it ionizes to a lesser extent

than HCI, and, hence, there are fewer particles in the H,PO, solution. As a result, the H,PO, solution
will have the lower osmotic pressure.
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