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Acids and Bases
9/03/2009

1. How is the molecular structure
Chapter 2 Water of water related to physical and

chemical behavior?

2. What is a Hydrogen Bond?
3. What are Acids and Bases?

4. What is pH, and what does it
have to do with the properties of
Water?

5. What are Titration Curves?

6. What are buffers, and why they
are important?

lonization of water

« Neutral water has a tendency to ionize
H,0 — H*+OH-

« The free proton is associated with a water
molecule to form the hydronium ion

H,O*

Proton Jumping
Large proton and hydroxide mobility
o H;O+:362.4 x 10°° cm?sV/-les1
* Na*: 51.9 x 105 cm?eV/-les1
» Hydronium ion migration; hops by switching
partners at 10%2 per second

Equilibrium expression

H,0<>H"+0H"

_ < [H1[OH]
¢ Described by: - TR0l
2

Where K is the dissociation constant

 Considering [H,O] constant yields
Ky, = [H*][OH]

K

W

Acids and bases

K, = [H][OH]
» Where K, is the ionization constant of water
« For pure water ionization constant is
1014 M2 at 25°
 For pure water
[HY]=[OH]=(K,)¥2=10"M

« For pure water (neutral)
[H]=[OH] = (K,)¥2= 107 M

« Acidic if [H*] > 107" M
» Basic if [H'] <107 M
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Acids and Bases

Lowery definition: HAH H+ _I_A_

. Acid is a substance that can donate a proton.
. Base is a substance that can accept a proton.

If you establish equilibrium, changes in [H*] will shift
the ratio of HA and A-.
HA + H,O ——— H,0" + A /OH-

Acid  Base Conjugate  Conjugate By adding more H*, A- will be consumed
Acid Base .
forming HA.

or
HA A + H* * If there is sufficient [A], the extra H* will also be *
Acid Conjugate Conjugate consumed and the [H*] will not change.

Base Acid

Acid strength is specified by its dissociation constant What about the water

Molar concentration The concentration of H,O remains almost unchanged especially

+ - * in dilute acid solutions.
x [HO'TAT]
a What is the concentration of H,0?
[HAJH,O] 2
Remember the definition:  Moles per liter
for: HA +H,0 H,O0" + A
¢ reactants products 1 mole of H,0 =18 g =18 ml
HA H.0* 1g=1mi

These ratios are
A H,0 1000 g/liter *

ameasure of relative proton affinities for each conjugate acid m =55.5M
base pair. 189 /mol
[H'IA]
K. =K[H,0]= Weak Acids
[HA]
Weak acids do not completely dissociate:
From now on we will drop the a, in K, They form an equilibrium:

W Weak acids (K<1)

¥ Strong acids (K>1) m <> A_ + H+

Strong acid completely dissociates: Transfers all its o )
protons to If we ADD more H*, the equilibrium shifts to

form more HA using up A" that is present.
H,O toform H,0* gup P

HA H + A
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Dissociation of H,0O
H, O H +0H"™

Water also dissociates [H,0] =555

_[H"]OH]
[H,0]
Kw=[HJ[OH ]=10"M?

lonization constant for water

Since there is equal amounts of [H*] and [OH"]
[H']=[OH]= 1x107'M
This is neutral

At [H+] above this concentration the solution is ACIDIC
[H*]=1x10"?
At [H+] below this concentration the solution is BASIC

[H*]=1x10"°

[H1] pH
107 = 7
10 = 3
10° = 2 pH = -Log[H']
1010 = 10
5x10 = 3.3
7x106 = 5.15
3.3x10°® = 7.48

Relationship between pH and [H*] / [OH-] concentration

Acidic ”"-‘“l"a' Basic

-

[H*] [OH]

1

= -
3 3
= I

lon concentration (M)

Henderson - Hasselbalch equation

From k - [HIAT]
[HA]
. [HA]
H =K A
] [A]

pH =-logK +log

Rearrange

Al
[HA]

_ A
pH = pK +log [HA] *

Take (-)Log of each

pH
Buffers
[A]
H=pK +log———-
p p g[HA]
[AT] 1 10

ratio varies from — = —
10 1

[HA

Above and below this range there is insufficient
amount of conjugate acid or base to combine with
the base or acid to prevent the change in pH.




For weak acids
HA—— A +H*
This equilibrium depends on concentrations of each component.

If [HA] = [A] or 1/2 dissociated

A _ja1—0: pH=
Then Iog[HA] logl=0 : pH=pK

By definition the pK is the pH where [HA] = [A]
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Table 2-3 pH Values of Some Common Substances

Substance pH
1 M NaOH 14
Household ammonia 12
Seawater 8
Blood 7.4
Milk 7
Saliva 6.6
Tomato juice 44
Vinegar 3
Gastric juice 1.5
1 M HCI 0
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Buffers

A buffer can resist pH changes if the pH is at or near a its pK.

Buffer range: the pH range where maximum resistance to pH
change occurs when adding acid or base. Itis = *1 pH from
the weak acid pK

If pK is 4.8 the buffering range is 3.8 t0 5.8

Why?

The buffer effect can be seen in a titration curve.

To a weak acid salt, CH;C00~ add HC1 while monitoring pH vs. the
number of equivalents of acid added.

or
do the opposite with base.

Buffer capacity: the molar amount of acid which the buffer can handle
without significant changes in pH.
ie

1 liter of a .01 M buffer can not buffer 1 liter of a 1 M solution of HCI
but

1 liter of a 1 M buffer can buffer 1 liter of a .01 M solution of HCI

Distribution curves for acetate and acetic acid
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Titration curve for phosphate
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Table 2-4 Dissociation Constants and pK Yalues at 25°C of Some Acids

Acid K pk
Oxalie achd 537 = 1077 127 (pKy)
H PO, 7.08 % 107" 215 (pKy)
Formic acid 178 % 1074 375
Suceinic acid &17 = 10-* 421 (pKy)
3 537 x 107 427 (pKy)

1.74 % 107* 476
220% 107* 564 (pKs)

te
2-{N-Morpholino jethancsullonic acid (MES) BI3x 1077 609
H.C0, 447 #1077 635 (pk, )
Pipernzine- NN -bis{ 2-cthanesulfonic 1.74 x 10° 6.76

acid} (PIPES}
HPOG 151 %1077 682 (pKy)
3-{N-Morpholino)propanesulfonic acid (MOPS) 708 x 107" 715
N-2-Hyd thylpipers N'-Z-cth lomic 339 % 107" 747

ydroxyethylpip
acid (HEPES)
Tris(hydroxymethylaminomethane (Trs) R T

NH 562 x 107" 925

ilye Leb x 107" 978
468 x 107" 1033 (pKs)
758 %107 12

7% 107" 1238 (pKs)

= HCO, s H® 4 HOOG: see Box 2-2.

Blood Buffering System

Bicarbonate most significant buffer
 Formed from gaseous CO,
CO, + H,0 — H,CO,
H,CO; — H*+ HCOy
Normal value blood pH 7.4

Deviations from normal pH value lead to
acidosis

Henderson - Hasselbalch type problems:

_ Al
pH = pK + log (HA]

You may be asked the pH, pK, the ratio of acid or base or solve for
the final concentrations of each.

The 6 step approach
1. Write the Henderson + Hasselbalch equation.
2. Write the acid base equation
3. Make sure either an H* or OH- is in the equation.
3. Find out what you are solving for
4. Write down all given values.
5. Set up equilibrium conditions.

6. Plug in H + H equation and solve.

What is the pH of a solution of that contains 0.1M
CH,COO" and 0.9 M CH;COOH?

1) pH = pK + Log [A]
[HA]

2) CH,COOH +—— CH,COO" + H*

3) Find pH

4 pK=476 A =01M HA=09M
5) Already at equilibrium

6)  X=476+Log0.1
0.9

Log0.111= -95 X =4.76 + (-.95) X =381




What would the concentration of CH,C00- be at pH 5.3

1)
2)

4)
5)

6)

if 0.1M CH,COO0H was adjusted to that pH.

pH=pK+Log [A]
[HA]
CH,CO00H CH,C00" + H*
Find equilibrium value of [A7] i.e [CH,C007]
pH =5.3; pK =4.76
Let X = amount of CH;COOH dissociated at equilibrium

[AT=[X]
[HA] = [0.1 - X]

53=4.76+Log [X]
[0.1-X]

Now solve.
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Lecture 5
Tuesday 9/08/09
Amino Acids




