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Some Definitions

 Arrhenius

»Acid: Substance that, when dissolved in
water, increases the concentration of
hydrogen ions.

»Base: Substance that, when dissolved in
water, increases the concentration of
hydroxide ions.
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Some Definitions

* Brgnsted—Lowry
> Acid: Proton donor
»Base: Proton acceptor



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,

H,O

Adids



What Happens When an Acid
Dissolves in Water?

e \Water acts as a

H
eH + ” Brgnsted—Lowry base
| PH

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

* As aresult, the
conjugate base of the

o acid and a hydronium
3 _\H) lon are formed.
H
Adids



Conjugate Acids and Bases:

~rom the Latin word conjugare, meaning “to
join together.”

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

remove H™

\ l

HNO,(ag) + H,O(l) == NO, (aq) + H30" (aq)

Acid Base Conjugate  Conjugate
base acid
A‘ids
add H" T a:& .




100%
ionized in

H,0

Acid strength increases —— >

Acid and Base Strength

ACID BASE
HCl Cl™ 9
)

H,S0, HSO,” 2

HNO, NO;~ 2

H;0"(ag) H0

HSO,~ SO~ g

H,PO, H,PO,~ §

HF F~ -

H,CO HCO;™ ~ %
ﬁq’} 2LU3 8 3 g §
= H,S HS = 3

H,PO,"~ HPO,2~

NH," NH3

HCO;~ CO*

HPO,2~ PO~ |

H,0 OH™ | |

— D— i

ﬁ OH - & | 100%
2 H, {5 S protonated
& in H,0O
7 CH, CH;~ mnii

e Strong acids are
completely dissociated In
water.

» Their conjugate bases are
quite weak.
« Weak acids only
dissociate partially in
water.

» Their conjugate bases are
weak bases.
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Acid and Base Strength

ACID BASE .
s o [ e Substances with
100% =
ionizoe in H,504 HSO4™ ED " I " "
e { o nos B S_egllgl_ble a_u:ldlty do not
RS issociate in water.
HSO,~ SO,%~ g _ _
HPO,  HPO,S » Their conjugate bases are
HF F 5 .
HCMO, CHOy | B exceedingly strong.
% H,COs HCO;™ | ¥ §
g 2 HS HS™ = 2
g H,PO,~  HPO2"
S NH,* NH3
¥ HCO, CO
4 HPO,2~  POS™ |
§ H,0 OH |
ﬁ B o o0 100%
%ﬁ H, H™ _ ‘Elr%or(l)ated
2 | CHy CH;™ ' 2 Mlds




Acid and Base Strength

In any acid-base reaction, the
equilibrium will favor the reaction that

moves the proton to the stronger base.

HCl(aq) + H,O(l) > H;O*(aq) + Cl (aq)

H,O is a much stronger base than CI~, so the
equilibrium lies so far to the right K is not

measured (K>>1). adids

P



Acid and Base Strength

C,H;0,(aq) + H,O(l) = = H;0%(@q) + C,H;0,7(aq)

Acetate Is a stronger base than H,0O, so the
equilibrium favors the left side (K<1).



Autolionization 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,0() + R,0() = = H30%(ag) + OH (aq)

 This Is referred to as autolonization. y

ids
ald 1



lon-Product Constant

* The equilibrium expression for this
process Is

K = [H307] [OH7]
* This special equilibrium constant Is
referred to as the ion-product constant
for water, K,

+ At25° C,K,=1.0x 1074
A‘ids



pH

pH Is defined as the negative base-10
logarithm of the hydronium ion
concentration.

pH = —-log [H;0"]

Mids



pH
* In pure water,
Ky = [H;0*] [OH] = 1.0 x 1074
» Because In pure water [H,O*] = [OHT],

[H30+] = (10 X 10—14)1/2 = 1.0 x 10_7
A‘ids
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pH

* Therefore, in pure water,

pH = -log (1.0 x 1077) = 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™] (M) pH Value
Acidic >1.0 X 1077 <1.0 X 1077 <7.00
Neutral =1.0 X 1077 =1.0 X 1077 =7.00
Basic <1.0 X 1077 >1.0 X 1077 >7.00

A‘ids



[H'1(M) pH pOH [OH ](M)

These are
Gastric juice - - - - - -
th e p H Lemon ;uice ______

Cola, vinegar —— — —— |

: T s ] -
Val UES fo r Eolrrr‘lztoes -------- - 1x1074 4.0 100 1x10710
anana — - — — — — — — ~
seve ral Black coffee ===~~~ L 1x107° 5.0 9.0 1x107?
gjlii“‘,a‘ R = 55 (1 60 80 1x10°8
common E%i};a‘ﬂgl‘o;&;e;;; _ 1+ 1x1077 70 70  1x1077
gg white, seawater - = =
sSu bstances Boling soda -~ -~ ] L 1x1078 80 60 1x10°°
i~ oo st — 1x107° 9.0 50  1x107°
Milk of magnesia — — - -_ 1x10°10 10.0 4.0 1x10~4
Lime water —————— -

Household ammonia — -
Household bleach- - -
NaOH, 01 M------




Other “p” Scales

14 b A

The “p” In pH tells us to take the

negative log of the quantity (in this case,
hydrogen ions).

Some similar examples are
»pOH -log [OHT]
»pK,, —log K,

Mids



Watch This!

Because
[H,O*] [OH] =K, =1.0 x 10714,
we know that

—-log [H;0%] + —log [OH7] = -log K, = 14.00

or, In other words,
pH + pOH = pK,, = 14.00 7 N

P



How Do We Measure pH?

* For less accurate
pH range for color change

——————————=—= measurements, one

Methyl violet Yellow - Violet

Thymol blue Red [ Yellow  Yellow I Blue can use
Methyl orange Red I Yellow > L | t mus p ap er
Methyl red Red - Yellow

« “Red” paper turns

Bromthymol blue Yellow Blue —
SR - blue above ~pH =8
Phenolphthalein Colorless - Pink @ ”
* “Blue” paper turns
Alizarin yellow R Yellow -Red

red below ~pH =5
» An indicator

A‘ids
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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.




Strong Acids

* You will recall that the seven strong acids are
HCI, HBr, HI, HNO,, 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,O*] = [acid].
Mids



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 agueous solution.

Mids



Dissociation Constants

* For a generalized acid dissociation,
HA(ag) + HO() = = A(aq) + H;0"(aq)
the equilibrium expression would be

_ [H07 [A]
Ke = Al

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

Mids



Dissociation Constants

The greater the value of K_, the stronger
the acid.

Structural Conjugate
Acid Formula Base Equilibrium Reaction K,
Hydrofluoric (HF) H—F F~ HF(ag) + H,O() == H30%(aq) + F (ag) 6.8 X 1074
Nitrous H——N=} NO,™ HNO,(aq) + H,O(I) == H30%(ag) + NO, (ag) 45 x 1074
(HNOz) ('-,
I S~
Benzoic b ._}.....;;:--{:I%_ ) GHs0,”  HC/H50,(aq) + HyO() == H30%(ag) + C;H50, (ag) 6.3 X 107°
(HC;H50,) el
o H
Acetic H—O—C—C—H  GH;0,~  HGH;0,(ag) + HyO() == H30%(ag) + CH30, (ag) 1.8 X 1075
(HCH307) )
H
Hypochlorous (HCIO) H—t+—{1 ClO~ HCIO(ag) + HyO(l) = H;07(ag) + ClO (ag) 3.0 x 1078
Hydrocyanic (HCN) - ==n CN~ HCN(ag) + H,O(l) = H30"(aq) + CN (aq) 49 x 10710 M_d
Ids
=
Phenol H—{— / i j 2 CeHs0™  HC4H50(aq) + HO(l) == H30"(aq) + CsHs0 (aq) 1.3 x 1071° a .
(HC¢H;50) Sl

*The proton that ionizes is shown in blue.



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

307 [COOT]

_ [H
Ka= “THcoon]

Mids



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;07], which Is the same as
[HCOOT], from the pH.

Mids



Calculating K, from the pH

pH = —log [H;0O7]
2.38 = —log [H;07]
—-2.38 = log [H;07]

10-2:38 = 1 (Qlog [H3O*] = [H3O+]
4.2 x 1078 = [H,0*] = [HCOO"]



Calculating K, from pH

Now we can set up a table...

[HCOOH],M  [H,0*], M [HCOO], M

Initially 0.10 0 0
Change -4.2 x 103 +4.2 x 103 | +4.2 x 1073
At 0.10-42x107% | 42x103 | 4.2x 1073
Equilibrium | =0.0958 = 0.10

A‘ids



Calculating K, from pH

_ [4.2 x 1073] [4.2 x 1079]

Ka [0.10]

=1.8x 104



Calculating Percent lonization

H,O"
 Percent lonization = [[H?;A]i leq

x 100
nitial

* In this example

H30%eq=4.2x 103 M
|:HCOOH]initial =0.10 M

Mids



Calculating Percent lonization

4.2 x 1073
0.10

Percent lonization = x 100

= 4.2%



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,(aq) + H,O() = = H;0%(aq) + C,H;0,7(aq)

K, for acetic acid at 25° Cis 1.8 x 107>.

Mids



Calculating pH from K,

The equilibrium constant expression Is

_ [H30"][C,H;0,7]

K
) [HC,H30;)]

Mids



Calculating pH from K,

We next set up a table...

[C,H30,], M [H;O*], M [C,H;0,7], M

Initially 0.30 0 0
Change —X +X +X
At Equilibrium | 0.30 - x~0.30 X X

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



Calculating pH from K,

Now,
o (2
1.8 x 10 (0.30)
(1.8 x 107) (0.30) = x?
5.4 x 1076 = x2
2.3x103=x

A‘ids



Calculating pH from K,

pH = —-log [H;0"]
= —log (2.3 x 1073)

2.64



Polyprotic Acids

« Have more than one acidic proton.

* If the difference between the K, for the first
dissociation and subsequent K, values is
102 or more, the pH generally depends only

on the first dissociation.

Name Formula K1 K, K3

Ascorbic H,C¢HOp 8.0 X 107° 1.6 X 10712

Carbonic H,CO; 43 x 1077 5.6 X 1071

Citric H;C¢H50; 74 %1074 1.7 X 107° 4.0 x 1077

Oxalic H,C,04 59 X 1072 6.4 X 107°

Phosphoric H;PO, 7.5 % 1073 6.2 X 1078 42 x 10712

Sulfurous H,S0;3 1.7 X 1072 6.4 X 1078 \
Sulfuric H,S0, Large 1.2 X 1072 A‘Ids
Tartaric H,C,H,0¢ 1.0 X 1073 46 X 107




Weak Bases

Bases react with water to produce hydroxide ion.

add H"

\ l

NH;(aq) + H,O(l) <= NH," (ag) + OH (aq)

Base Acid Conjugate Conjugate
acid base
remove H ™ T

Mids



Weak Bases

The equilibrium constant expression for
this reaction Is

_ [HB] [OH]

AR CH

where K, Is the base-dissociation constant.

Mids



Weak Bases

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

Lewis Conjugate
Base Structure Acid Equilibrium Reaction Ky
Ammonia (NH3) H—N—H NH,* NH; + HyO = NH," + OH" 1.8 X 1075
b
. /) : o .
Pyrldme (CsHsN) 4 1\\ .'E N: CsHsNH CsHsN + H,O == CsHsNH™ + OH 1.7 X 10
el
Hydroxylamine H—N—{H H,NOH* H,NOH + H,0 == H3NOH* + OH" 11 x 107
(H,NOH)
I
Methylamine H—N-—CH; NH,CH;* NH,CH; + H,0 = NH,;CH;* + OH™ 44 x 107
(NH>CH3) |
H
Hydrosulfide ion H,S HS™ + H,O — H,S + OH"™ 1.8 X 1077
(HS)
Carbonate ion . HCO;~ CO3* + H,0 = HCO;™ + OH~ 1.8 X 1074
(CO5™)
Hypochlorite ion k| HCIO CIO™ + H,0 == HCIO + OH" 33 %1077 A"ds

(Cl1O")




pH of Basic Solutions

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

NH;(aq) + H,O(l)

—

2110l

= NH,"(aq) + OH"(aq)

NH;]

| =1.8x 10



pH of Basic Solutions

Tabulate the data.

Initially 0.15 0 0

At Equilibrium | 0.15-x~=0.15 X X

A‘ids
and



pH of Basic Solutions

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

(1.8 x 1075) (0.15) = X2
2.7 x 1076 = x2
1.6 x 103 =X

A‘ids



pH of Basic Solutions

Therefore,
OH]=16x10"°M
DOH = —log (1.6 x 1079)
= 2.80
pH =14.00 - 2.80
=11.20

Mids



K, and K,

Acid K, Base Ky

HNO; (Strong acid) NO;™~ (Negligible basicity)
HF 6.8 X 1074 F~ 1.5 x 1071
HC,H;0, 1.8 X 107° C,H30,~ 5.6 X 10710

H,CO; 43 X 1077 HCO;3~ 23 %1078

NH," 5.6 X 10710 NH; 1.8 X 107°

HCO;~ 5.6 x 1071 CO;% 1.8 X 107*

OH™ (Negligible acidity) 0* (Strong base)

K, and K, are related in this way:
K, x K, =K,

Therefore, if you know one of them, you can

calculate the other.

A‘ids
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Reactions of Anions with Water

 Anions are bases.

* As such, they can react with water in a

hydrolysis reaction to form OH™ and the
conjugate acid:

X(aq) + H,O() = = HX(aq) + OH (aq)

A‘ids



Reactions of Cations with Water

Weak
electrostatic

interaction

N\,
-Q

Weak shift of
electron density

Strong
electron
interaction

) O

Strong shift of
electron density

4

« 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.

A‘ids



Reactions of Cations with Water

Weak

electrostatic
interaction

N\,
-Q

Weak shift of
electron density

Strong
electron
interaction

) O

Strong shift of
electron density

4

 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.

A‘ids



Effect of Cations and Anions

1. An anion that is the
conjugate base of a strong
acid will not affect the pH.

2. An anion that is the
conjugate base of a weak
acid will increase the pH.

e 3. A cation that is the
conjugate acid of a weak
base will decrease the pH.

Salt: NaNO3 Ca(NO3)2 Zn(NO3)2 Al(NO3)3
Indicator: Bromthymol Bromthymol Methyl Methyl
blue

Estimated pH: 7.0

blue red

6.9 55
1250 ~125mi ~I25ml \
5 5% 5%

£ 3 J

ids



Effect of Cations and Anions

4. Cations of the strong ;
Arrhenius bases will not
affect the pH. -

5. Other metal ions will
cause a decrease in pH.

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




Factors Affecting Acid Strength

GROUP ﬁ)

4A 5A 6A 7A E

' CH, NH, H,0 e z

Period2 |  Npo acid or Weak b Wbl st

base properties | ' oo Dase -—= | Weakaci i

; - PH, H,S HCl %
Period 3 |  No acid or Weak b st | Gt 4 g
base properties | ''car< Pase eak aci rong aci :

Increasing acil

« The more polar the H-X bond and/or the weaker
the H-X bond, the more acidic the compound.

 Acidity increases from left to right across a row and
from top to bottom down a group. ol



Factors Affecting Acid Strength

Shift of electron densi

density
. : : H ) _ .
In oxyacids, in which “ — O S PR

an OH is bondedto ™

another atom, Y, the “* _O e T
more h

electronegative Y Is,
the more acidic the Acdd  ENofY K,

acid. HCIO 3.0 3.0 X 10°8
HBrO 2.8 25 x 1079
HIO 2.5 23 x 1071

A‘ids
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Factors Affecting Acid Strength

Hypochlorous Chlorous Chloric Perchloric
:0O: :0O:
O B0 BOael B0-a
2g|?2
K,=3.0x10"8 K,=11x 1072 Strong acid Strong acid
)

Increasing acid strength

For a series of oxyacids, acidity increases
with the number of oxygens.

A‘ids
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Factors Affecting Acid Strength

Resonance in the conjugate bases of
carboxylic acids stabilizes the base and
makes the conjugate acid more acidic.

H :C”): H :C|5:
H—C—C—0: < > H—C—C=0
°° resonance °°
H H

Mids
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Lewis Acids

H F H F
| | |
H—1T1:+]|3 F—> H 1T1 1|3 F
H F H F

* Lewis acids are defined as electron-pair

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

N



Lewis Bases

H F H F
| | |
H—1T1:+]|3 F—> H 1T1 1|3 F
H F H F

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
protons, however. Aa‘igs
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