Chapter 16

ACIDS AND BASES

(Part 1)

Dr. Al-Saadi

Bronsted Acids and Bases

= A Brgnsted acid is a species that donates a proton.
(a proton donor).

HCl(ag) + H,O(/) =——=  H,0*(aq) + Cl(aq)

m hydronium

on

A is what remains of the acid after the donation of a proton.

= A Brgnsted base is a species that accepts a proton.
(a proton acceptor).

NH;(ag) + H,O0(/) —— NH,*(aqg) + OH(aq)

A is a newly formed protonated species.
Dr. Al-Saadi
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16.1

Brgnsted Acids and Bases

loses a proton

gains a proton
hY

\\

4

/

HCl(aq) =— H;30%(aq) + Cl (aq)
acid
f—--gum\ a protonf-
f“’f \\\a
NHj(ag) + == NHj(ag) + OH (aq)
base
Dr. Al-Saadi

Any reaction,
using the
Brgnsted theory,
involves both an
acid and a base.

Water is an
amphoteric
species which can
act as a Brgnsted
acid or as a
Brgnsted base.

16.1

Bronsted Acids and Bases

——
TABLE 16.1

Conjugate

Species Base Species
= NH
CH;COOH CH;CO0 i
= H,O
H->O OH =
- . OH
i ME7 H,NCONH,
HQSO4 HSO; (Ul'ea}
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Conjugate
Acid

NH;

H,O"

H,0
H,NCONHj}




Brgnsted Acids and Bases

= Exercise:

Identify acids, conjugate acids, bases and conjugate
bases in the reactions below:

(a) H,SO,(aq) + H,0() = HSO, (aq) + H,0*(aq)

(b) NH,*(ag) + H,0() == H;0%*(aq) + NHs;(aq)
= Exercise:

What is the conjugate base of H,PO,” ?

H,PO, (aq) + H,0() =——  HPO,*(aq) + H,;0*(aq)

Dr. Al-Saadi

16.1

The Acid-Base Properties of Water

= Water is a very weak electrolyte. It undergoes ionization
to a very small extent.

H,O0 () == H*'(aq) + OH (aq) Autoionization of
2H,0 () == H,0* (ag) + OH-(agq) water
e . 8 — [A][Q}

acid base conjugate conjugate
acid base

* The equilibrium expression of water autoionization is:
K, = [H*] [OH] or K, =[H;0*][OH]

Dr. Al-Saadi

16.2

15-Feb-11



16.2

Equilibrium Constant of Water
Autoionization Reaction

K, = [H*] [OH7] or K, =[H;0*][OH]
= At 25°C for pure water:
[H;0%] = [OH] =1.0 x 10”7 M.
K, =(1.0x107)(1.0x 107) = 1.0 x 10°'*
® One can influence the concentrations of [H;0*] or [OH"] by
adding an acid or base to pure water. However, at 25°C, the

product of the hydronium ion and hydroxide ion
concentrations is always constant.

= For example, if you add an acid to pure water, [H;0%]
increases and [OH™] decreases (a new equilibrium position),
yet K, remains constant.

Dr. Al-Saadi 7

16.2

Equilibrium Constant in Aqueous
Solutions

= For any aqueous solution:
K, =[H;0*] [OH]=1.0 x 10 at 25°C

* Remember that K, is always constant at a given
temperature.

However, there can be infinite possibilities of the
equilibrium positions for agueous solution.

o When [H;0%] = [OH"] ; the solution is neutral.

o When [H;0%] > [OH] ; the solution is acidic.

o When [H;0%] < [OHT] ; the solution is basic.

Dr. Al-Saadi 8
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Equilibrium Constant in Aqueous
Solutions

increasing acidity increasing bhasicity
- nentral ——— .

[f1=10" 10* 107 10 10°M

[OH =10 101 107 10¢ 10"
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16.2

Equilibrium Constant in Aqueous
Solutions

= Exercise:

16.2

Calculate [OH7] in a solution in which the concentration of
protons is 0.0012 M at 25°C. Is the solution acidic, basic or

neutral?

At 25°C, K, is always equal to 1 x 10714,
K., = [H;0*] [OHT]
1x 101 =(0.0012) [OH]
[OH]= 1x10%/0.0012=8.3%x 1012 M

The solution is acidic.

Dr. Al-Saadi
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16.2

Equilibrium Constant in Aqueous
Solutions

= Exercise:
At 60°C, the value of K, is 1 x 10713,

(a) Predict whether the reaction: since K, increases

with temperature,
2H,0 ([) == H30*(ag) + OH~(aqg) the reaction must
is exothermic or endothermic. be endothermic.
(b) Calculate [H*] and [OH7] in a neutral solution at 60°C.
At 60°C, K, = [H*][OH]=1x10?'% ; and[H*] = [OHT]
1 x 1013 = [H*] [H]

[H] = (1x 103)% =3 x 107

Dr. Al-Saadi 11

16.3

The pH Scale

* The pH scale is a convenient way to express the acidity
and basicity of a solution (the concentration of H;0* ions).

The pH of a solution is defined as:
pH = —log [H;0*] or pH =-log [H"]

= Example:
Two solutions with hydronium ion concentrations of 1.0 x
10* M and 5.0 x 10° M. Find their pH values.

2 sig. fig.
The first solution; pH = - log (1.0 x 10%) = 4.00
The second solution;  pH =-log (5.0 x 10°%) = g 302 decima

places

The number of sig. fig in the log is equal to
Dr. Al-Saadi the number of decimal places in the answer 12
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16.3
= Exercise:
Find the pH of a neutral solution.
A neutral solution has [H;0*] = [OH7] .
Since K,, = [H,0*] [OH7] = 1.0 x 1014
then [H;0*] = 1.0 x 107/
pH = -log (1.0 x 107) = 7.00
Lower pH values ( < 7.00) ' Neutral | Higher pH values ( > 7.00 ) ‘
Higher [H;07] Lower [H;07]
Acidic solution Basic solution
Dr. Al-Saadi 13
16.3
The pH Values vs. Hydronium lon
Concentrations
-
[H;0*](M) —log [H;07] pH
0.10 —log (1.0 % 10° ") 1.00
0.010 —log (1.0 X 107 2.00
1.0% 1077 —log (1.0 X 107%) 3.00
1L.0x 10" —log (1.0 X 107%) 4.00
1.0% 10°° —log (1.0 X 107%) 5.00
Lox10"® —log (1.0 X 107°%) 6.00 Acidic
1Lox 1077 —log (1.0 X 1077) 7.00 Neutral
1L.0% 10°* —log (1.0 X 107%) 8.00 Basic
1.0 107° —log (1.0 X 107" 9.00
Lo 1ot —log (1.0 % 107'%) 10.00
1L.0x 107" —log (1.0 % 107" 11.00
1.0 107" —log (1.0 X 107'%) 12.00
1.0 % 107" ~log (1.0 % 107" 13.00
Lox o™ —log (1.0 X 107" 14.00
Dr. Al-Saadi 14
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16.3

The pH Meter

= A pH meter is commonly used
in laboratories to determine
the pH of solutions.

* The pH meter is an electrical
device with a probe that
measures the proton
concentration in a solution
and displays the pH value.

Dr. Al-Saadi 15

16.3

The pH Scale

Fluid pH Fluid pH
Stomach acid 1.0 Saliva 6.4—6.9
Lemon juice 2.0 Milk 6.5
Vinegar 3.0 Pure water 7.0
Grapefruit juice 32 Blood 7.35—745
Orange juice 35 Tears 7.4
Urine 48-175 Milk of magnesia 10.6
Rainwater (in clean air) 55 Household ammonia 11.5
Since pH =-log [H;0%] A measured pH is a
then convenient way to determine

the concentration of

[H;0%] = 10°H L .
hydronium ions in solutions

Dr. Al-Saadi 16




The pH Scale

= Exercise:

What is the pH of a solution that has a hydronium ion
concentration of 6.5 x 10°M?

= Exercise:

What is the hydronium ion concentration of a solution
with pH 3.657?

Dr. Al-Saadi
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The pOH Scale

= A pOH scale is analogous to the pH scale. It is defined as:
pOH = - log [OH]

Also,
[OH"] = 10-POH

[OH7] (M) pOH
0.10 1.00
1 %107 3.00 T
110 5.00 Basic
1 %1077 7.00 Neutral
o107 9.00 Acidic
Ix 107" 11.00 1
I<10== 13.00

Dr. Al-Saadi
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—log ([H;0%] [OH]) = —log (1.0 x 1014

The pOH Scale

= Recall that at 25°C:
K, =1.0x 1014 = [H3O+] [OH7]

- log [H;0*] — log [OH"] = 14.00

16.3

pH + pOH = 14.00
[OH7] (M) pOH pH
0.10 1.00 13.00
1 X107 3.00 11.00 T
1 % 107> 5.00 9.00 Basic
1 %1077 7.00 7.00 Neutral
110 9.00 5.00 Acidic
105 11.00 4.00 l
I :c10aE 13.00 1.00
Dr. Al-Saadi 19
16.3
= Exercise:

Dr. Al-Saadi

What is the pOH of a solution that has a hydroxide ion

concentration of 4.3 x 102 M?

Exercise:

What is the hydroxide ion concentration of a solution
with pOH 8.35?

20
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16.3
= Exercise:
What is the hydroxide ion concentration and the pOH of
a solution that has pH 9.45 at 25°C?
Dr. Al-Saadi 21
16.4
L3
Strong Acids and Bases
= Strong acids and strong bases are completely ionized

when dissolved in water.
Acid lonization Equation
Hydrochloric acid HCliag) —— H (ag) + Cl (ag)
Hydrobromic acid HBrlag) —— H (ag) + Br (ag)
Hydroiodic acid Hl(ag) —— H (aq) + 1 (ag)
Nitric acid HNO:s(ag) ——= H (ag) + NO3 (ag)
Chloric acid HC103(ag) — H (aq) + ClO; (aq)
Perchloric acid HCIO (ag) —— H ' (ag) + ClO; (ag)
Sulfuric acid* H,S04(ag) — H (ag) + HSO (aq)
*Note that although each sulfuric acid molecule has two ionizable hydrogen atoms, it only undergoes the first ion-
ization completely, effectively producing one H” ion and one HSO, ion per H,50, molecule. The second ionization
happens only to a very small extent.

Dr. Al-Saadi 22
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: A\
Strong Acids /2.
= Because strong acids are completely ionized in aqueous
solutions, it is easy to determine the pH of that solution.
[H30%]., = [strong acid]; iy,

= Exercise:

Calculate the concentration of HNO, and the pH of an
aqueous solution that is 6.7 x 10°> M in HNO; at 25°C.

Dr. Al-Saadi 23

16.4

Strong Bases

= Strong bases are also completely ionized in aqueous
solutions. They are:

o the hydroxides of the alkaline metals (Li, Na, K, Rb and
Group 1A Cs), and LiOH (ag) —> Li*(aq) + OH(aq)

o the hydroxides of the heaviest earth alkaline metals
Group2A- (Ca, Sr and Ba).  Ca(OH), (aq) —> Ca?*(aqg) + 20H (aq)

[OH],, = [strong base]; i

* The pH of solutions containing a strong base can be easily
calculated.

Dr. Al-Saadi 24
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16.4

pH of Strong Bases

= Exercise:
A 10.00-L solution contains 0.72 mol of NaOH at 25°C.
Find its pH?

25

Dr. Al-Saadi

16.4

pH of Strong Bases

= Exercise:
At 25°C, what is the pH of a solution that is 0.034 M in
Ca(OH),?
Ca(OH), completely ionizes, and the [OH7] is equal to twice
the initial concentration of Ca(OH),.

Ca(OH), (aq) —— Ca?*(aq) + 20H(aq)
2 mol OH™

= 0.068 M
1 mol Ca(OH),

[OH7] = 0.034 M Ca(OH), x

pOH = - log (0.068) =1.17
At 25°C; pH + pOH =14.00
pH=14.00-1.17 =12.83

Dr. Al-Saadi 26
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16.5

Weak Acids

Molar corpcentrations

= Most of the acids are weak ' After dissociation,
acids. Before dissociation at equilibrium
HA H' A-

= Weak acids are NOT
completely ionized in water.
They are ionized in water
only to a limited extent.

Strong acids

* The degree of dissociation
of a weak acid depends on: HA

o acid concentration.
Weak acids

o equilibrium constant.

H* A~

Dr. Al-Saadi 27

16.5

The Acid lonization Constant

= For a weak monoprotic acid HA:
HA(aq) + H,0 () == H;0*(aq) + A (aq)

or:
HA(aq) —— H*aq) + A (aq)
the equilibrium expression is:
H,O*] [A~ 1A
(o WOTAT AT
[HA] [HA]

= K, is called the acid ionization constant. Its magnitude
indicates how strong a weak acid is.

o Large K, values indicates a stronger acid.
o Smaller K, values indicates a weaker acid.

Dr. Al-Saadi 28
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16.5
The Acid lonization Constant
TABLE 16.6
Name of Acid Formula Structure K, T
Hydrofiuoric acid HF H-F 70X 0077 .
Nitrous acid HNO, 0=N-0-H 45 %10 g\ 2
: = T
il s
Formic acid HCOOH H—C—0—H 1.7 % 107" ¥rr: $
Benzoic acid CyHs;COOH (/(’ \x—C—O—-H 6.5 x 1077 ": E
N o X
0 205
I L
Acetic acid CH;COOH CH,—C—0—H LR 107 v g
: <
Hydrocyanic acid HCN H—C=N 4,9 x 107" [
Phenol CoH;OH QOH 1.3x 107"
Dr. Al-Saadi 29
16.5
Calculating pH from K
gpP a
= Exercise:

Calculate the pH at 25°C of a 0.18 M solution of a

weak acid that has K, =9.2 x 10°°.
[HT [AT]

K =

a

[HA]

= 9.2x10°

We use the same method we studied in the previous

chapter.

Initial concentration (M):

Change in concentration (M):

Equilibrium concentration (M):

Dr. Al-Saadi

HA(ag) +¥—= Hﬂ\ch} + A (ag)

0.18 0 0
-X +X +X
0.18 - x X X

Continue on the
next slide —> 30
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H*] [A™ x) (x X2 |
oo WAL o ge = W0
[HA] 0.18 - x 0.18-x
Since K, is very small compared to the initial acid concentration,
we can make use of a useful approximation instead of solving

the problem using a quadratic equation.

x2 X2
> = 9.2x10°
0.18 -x 0.18
Solving for x:
x=1.3x 10_3 M pH — 'IOg [H+]
=- -3
The above approximation is valid only when ~ 2|°839(1'3 x107)

x is significantly smaller than the [HA]; a -
(x must be less than 5% of [HA]; 4 in order

for the above approximation to be valid).

- 1.3x1073 o/ o oK
Check the validity => —————X100%=0.72% <5% /
0.18

Dr. Al-Saadi ) 31

16.5

Calculating pH from K,

= Exercise:

Try the previous example again with a 0.018 M solution
at 25°C.

Dr. Al-Saadi 32
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Calculating K, from pH

= Exercise:

An aqueous solution that is 0.25 M in a monoprotic weak

acid has a pH of 3.47 at 25°C. Find its K.
[HA] it = 0.25 M

initial —

[H],, =103%=3.39x10"*M

HA(ag) ¥=—=H (ag) + A (aq)

[nitial concentration (M): 0.25 0 0

Change in concentration (M):  -3.39x1074|+3.39x10* | +3.39x 10
Equilibrium concentration (M): 0.2497 | 3.39x10* 3.39x10™

HIIAT  (3.39x 1042
k= WAL B39XI0TF ) 10
[HA] 0.2497

a

Dr. Al-Saadi
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33

Weak Bases

= Most of the bases are weak bases. Weak bases are not
ionized completely when dissolved in water.

B(ag) + HO(l) == HB " (ag) + OH (aq)
weak base conjugate acid conjugate base
The equilibrium expression for the ionization of a weak
base is: K - [HB+] [OH_]
" 8]
* K, is called the base ionization constant. Its magnitude
indicates how strong a weak base is.
o Large K|, values indicates a stronger base.
o Smaller K, values indicates a weaker base.

Dr. Al-Saadi
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16.6
TABLE 16.7
Name of Base Formula Structure Ky, T
Ethylamine C,HsNH, CH;—CHQ—II\E—H 5.6x107*
H .3
Methylamine CH,NH, CH,—N—H 44 x 107 % 'a
T w
Ammonia NH, H—RN—H 1.8 % 1077 a2
| < g
H @ =5
<5
Pyridine CsHsN QN: 1.7 x 1077 E o0
o0 =
£ 9
©
—_—
Aniline C4HsNH, N—H 38x 107" o 2
H < 2
=
i
Urea H,NCONH, H—ITJ—C—ITI—H 1.5 x 107" I
H H
Dr. Al-Saadi 35
16.6

TABLE 16.7

Name of Base

Ethylamine
Methylamine

Ammonia
Pyridine

Aniline

Urea

Dr. Al-Saadi

Weak Bases

Formula Structure
C,H;NH, CHS—CHE@H

= What does make
these weak bases
i able to accept H*?

electrons on the N
atom enables
these weak bases

to grab H* ions

from Brgnsted

CH,NH, cm—@H .
,L The lone pair of
NH, H@H
H
C,H:NH, O H
| H acids.
H,NCONH, H@y@l—[
noou

36
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16.6

Solving Problems Involving Weak
Bases

= Solving problems involving weak bases requires the same
approach used for weak acids.

Make sure you notice that solving for x in a weak-base
problem gives the hydroxide ion concentration rather
than the hydronium ion concentration.

Dr. Al-Saadi 37

16.6

Solving Problems Involving Weak
Bases

= Exercise:

Determine the K, of a weak base if a 0.50 M solution of
the base has a pH of 9.59 at 25°C.

At 25°C:

pOH =14.00-pH =14.00-9.59=4.41
[OH]=10"441=3.89 x 10> M.

B(ag) + H,0(/)== BH*(aq) + OH  (aq)

[nitial concentration (M): 0.50 0 0
Change in concentration (M):  -3.89x 107 +3.89x 107 +3.89x 10°°
Equilibrium concentration (M): 0.49996 3.89x 10-5 | 3.89 x 10-5

Continue on the
next slide —> 38
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Solving Problems Involving Weak
Bases

= Exercise (Continue):

Determine the K, of a weak base if a 0.50 M solution of
the base has a pH of 9.59 at 25°C.

[BH*][OH] _ (3.89 x 107)?
[B] 0.49996

Ky, =

K, = 3.0 x 10

Dr. Al-Saadi
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