Chemistry 132 NT

It is the mark of an instructed
mind to rest satisfied with
the degree of precision that
the nature of a subject
permits, and not to seek
exactness where only an
approximation of the truth is
possible.

Aristotle
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Review

= Conjugate acid-base pairs

= Acidic strength related to molecular
structure

Self-ionization of Water

= Self-ionization isareaction in which two
like moleculesreact to giveions.
+|n the case of water, the following equilibrium
is established.
H,0(l) + H,0(l)=——=H;0"(aqg) + OH" (aq)
+Theequilibrium-constant expression for this

systemis:
_[H:0"][OH"]

° [HOP

Self-ionization of Water

& Self-ionization is areaction in which two
like moleculesreact to giveions.

+The concentration of ionsis extremely small,
consequently the concentration of H,O remains
essentially constant. Thisgives:

[H20]°K . =[H0"][OH ]

constant




Self-ionization of Water

= Self-ionization isareaction in which two
like moleculesreact to giveions.
+We call the equilibrium value for theion

product [H,O*][OH] theion-product constant
for water which iswritten K,

Ky =[H0"][OH"]

+At 25 °C, thevalue of K, is 1.0 x10-4,

+Like any equilibrium constant, K, varies with
temperature.

Self-ionization of Water

= Self-ionization is areaction in which two
like moleculesreact to giveions.

+Because we often write H,O* asH*, theion-
product constant expression for water can be
written:

Ky =[H'][OH"]

+Using K, you can calcul ate the concentrations
of H*and OH- ionsin pure water.

Self-ionization of Water

# Theseions are produced in equal numbersin pure
water, so if welet x = [H*] = [OH]

10" 10" =(x)(x) at 25°C

x=+10 10%=1.0 10"

+Thus, the concentrations of H+ and OH- in pure
water are both 1.0 x 107 M.

+|f you add acid or base to water they are no
longer equal but the K, expression still holds.




Solutions of Strong Acid or Base

= |n asolution of astrong acid you can
normally ignore the self-ionization of
water asasource of H*(ag).

+The H*(ag) concentration is usualy determined
by the strong acid concentration.

+However, the self-ionization still existsand is
responsible for a small concentration of OH-
ion.

Solutions of Strong Acid or Base

+ As an example, calculate the concentration of
OH-ionin0.10 M HCI.

Because you started with 0.10 M HCI (astrong
acid) the reaction will produce 0.10 M H*(aq)

HCl (aq*(aq)+cr(aq)

+ Substituting [H*]=0.10 into the ion-product
expression, we get:

10" 10 *=(0.10)[OH"]

Solutions of Strong Acid or Base

# As an example, calculate the concentration of
OH-ionin0.10 M HCl.

Because you started with 0.10 M HCI (astrong
acid) the reaction will produce 0.10 M H*(aq)

HCl (ag) ® H"(aq) +Cl" (aq)

+ Substituting [H*]=0.10 into the ion-product
expression, we get:

U [0 e Y

[OH ]= 0" _1 10%m

Very very small




Solutions of Strong Acid or Base

= Similarly, in asolution of astrong base
you can hormally ignorethe self-ionization
of water asasource of OH-(aq).

+The OH-(aq) concentration is usually
determined by the strong base concentration.

+However, the self-ionization still existsand is
responsible for asmall concentration of H* ion.

Solutions of Strong Acid or Base

+ Asan example, calculate the concentration of H*
ionin0.010 M NaOH.

Because you started with 0.010 M NaOH (astrong
base) the regetiqn will produce 0.010 M OH-(aq)

NaOH (f #® Na*(aq)+ OH ~(aq)

# Substituting [OH]=0.010 into the ion-product
expression, we get:

10" 10 *=[H*](0.010)

Solutions of Strong Acid or Base

# As an example, calculate the concentration of H*
ionin0.010 M NaOH.

Because you started with 0.010 M NaOH (astrong
base) the reaction will produce 0.010 M OH-(aq)

NaOH (s) #® Na*(aq)+OH " (aq)

+ Substituting [OH]=0.010 into the ion-product
expression, we get:
1 10"
[H]=2 2
0.010

=1" 10%?Mm

Very very small




Solutions of Strong Acid or Base

= By dissolving substancesin water, you can
alter the concentrations of H*(aq) and OH-(aq).

# |[naneutral solution, the concentrations of H*(aq)
and OH-(aq) areequal, asthey arein pure water.

# |n an acidic solution, the concentration of H*(ag) is
far greater than that of OH-(ag).

# |n a basic solution, the concentration of OH-(aq) is
far greater than that of H*(ag).

Solutions of Strong Acid or Base

= At 25 °C, you observe the following conditions.

#|n anacidic solution, [H*] > 1.0x 107 M.
+|n aneutral solution, [H*] =1.0x 107 M.
#|nabasic solution, [H*]<1.0x107 M.

The pH of a Solution

= Although you can quantitatively describe
theacidity of asolution by its[H*], it is
often more convenient to give acidity in
termsof pH.

+The pH of asolution is defined as the negative
logarithm of the molar hydrogen-ion
concentration.

pH =-log[H"]




The pH of a Solution

+ For a solution in which the hydroger+ion
concentrationis 1.0 x 103, thepH is:

pH =-log(1.0" 10°3) = 3.00

+Note that the number of decimal places in the
pH equals the number of significant figuresin
the hydrogen-ion concentration.

The pH of a Solution

# |[n aneutral solution, whose hydrogen-ion
concentration is 1.0 x 107, the pH = 7.00.

+ For acidic solutions, the hydrogen-ion
concentration is greater than 1.0 x 107, so the
pH islessthan 7.00.

+ Similarly, a basic solution hasapH greater
than 7.00.

+ The next side shows a diagram of the pH

scale and the pH values of some common
solutions.
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Carhonuted Milk  Blood  Baking suda Household
witer (pH3Y)  (pH64) (DHT4) (0.1 M) (pH84) (pH 110

0
Vinegar  Beer Seawater Milkof magnesis NaOH(1{
T434) (GHA043) (PHT0-83) D 103) (H140)




A Problem To Consider

+ A sample of orangejuice has a hydrogen-ion
concentration of 2.9 x 104 M. What isthe pH?

pH =-log[H"]
pH =-log(2.9" 10°*)
pH =354

A Problem To Consider

+ The pH of human arterial blood is 7.40. What is
the hydrogen-ion concentration?

[H*]=antilog(- pH)
[H*] = anti log(- 7.40)
[H']1=10"%=4.0" 10®M

The pH of a Solution

= A measurement of the hydroxideion
concentration, similar to pH, isthepOH.

+The pOH of asolution is defined as the

negative logarithm of the molar hydroxide-ion
concentration.

pOH =- log[OH" ]




The pH of a Solution

= A measurement of the hydroxideion
concentration, similar to pH, isthepOH.

+Then because K, =[H*][OH] = 1.0 x 104 at
25°C, you can show that

pH +pOH =14.00

A Problem To Consider

+ An ammoniasolution of has ahydroxide-ion
concentration of 1.9x 10 M. What isthe pH of
the solution?

You first calculate the pOH
pOH =- log(1.9" 103®) =272
ThenthepH is:

pH =14.00- 2.72=11.28

The pH of a Solution

= The pH of asolution can accurately be
measured using apH meter




The pH of a Solution

= Although less precise, acid -base indicators
are often used to measure pH because they
usualy change color with in anarrow pH
range.

+The next slide shows the color changes of
various acid-base indicators.

Indicator name pH range for color change
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Methyl violel yellow .wm
Thymel blue {acidic range) |\.\'1' yellow

Bromphenol blue vellow hlue

Bromeresol green yellow blue
Methyl red .'nll yelliw

Bromihymol blue vellow blue
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Methyl orange :ml yellow |
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Alizarin yellow R

Operational Skills

= |dentifying acid and base species

= |dentifying Lewisacid and base species

= Deciding whether reactants or productsare
favoredin an acid-base reaction

= Cd culating the concentration of H* and
OH- in solutions of strong acid or base

= Calculating the pH from the hydrogen-ion
concentration, or vice versa.
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Key Equations

K, =[H;O*][OH] =1x 1014 at 25°C
pH = -log[H,0"]

pH + pOH = 14.00

Timefor afew review questions.

ZEN CAT
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