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Learning objectives

Describe the Br onsted—Lowry and Lewis electronic
theories.
Identify and define the four classifications of solvents.

Understand the concepts of acid—base equilibria and the
ionization of weak acids and weak bases.

Calculate dissociation constants K, and K, and
understand the relationship between K, and K.

Understand the concepts of pH, pK, and pOH and the

relationship between hydrogen ion concentration and
pH.

Calculate pH.

Define strong acid and strong base.
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w* ¢ Arrhenius defined an acid as a substance that
— N g .

S liberates hydrogen ions and a base as a

; substance that supplies hydrosgyl ions on

~~ dissociation. H20 ©

N aoH ++'DH- -
ﬂ!‘t N“ Z‘")' (—’V

* Because of a need for a broader concept,
Bronsted in Copenhagen and Lowry in London
independently Marallel theories in 1923.

* The Brionsted— Lowry theory, as it has come to
be known, is more useful than the Arrhenius
theory for the representation of ionization in both

—"—_\._.—\_,
aqueous and nonaqueous systems.

Bronsted—Lowry Theory

E'3“.’ t  act .
NH‘ -t bral\.j"‘ti “'L.a./r

* Acid is a substance, charged or uncharged, that is
capable of donating a proton.

. bays
E,{: CH’COO. - nre ‘_:N_'

e Base is 3 sgbﬁ_%nce, charged or uncharged, that is
capable of accepting a proton from an acid.

* The relative strengths of acids and bases are
measured by the tendencies of these substances to

aye

give up and take on protons.\
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4 Bronsted—Lowry Theory

* Strength of acid and base (acid strength-basic strength)
— Ability to give up or accept a proton 7

— Ability of the solvent to accept the proton from the acid

T . b . mphoteric — \‘r“f""‘é’/";f
. Clasmﬁcatlon.//» At g s

— Anions: HSO,~ and CH;COO~ '\

— Cations: I:Icé‘” andLI:Iz,Ot_\_, aeid

— Neutral: HCI and NH, Hyo (Ampheteric)
— Water can act as either an W@gﬁ

amphiprotic = Amphoteric
. Sowie it

Bronsted—Lowry Theory

Acid—base reactions occur when an acid reacts with a base to form a new
acid and a new base.

Because the reactions involve a transfer of a proton, they are known as
protolytic reactions or protolysis.

In the reaction between HCI and water, HCI is the acid and water the base:

- HCI i H,0 — H;,0* i Cl-

Acid, Base, Acid, Base,
CO'\j*)m aad c.,\j..j apt bage

* Acidl and Basel stand for an acid-base pair or conjugate

pair, as do Acid, and Base,

f.
W' 2 e ), gy . :
« H*, is practically nonexistent in aqueous solution, what is normally

referred to as the hydrogen ion consists of the hydrated proton, H30O+,
known as the hydronium_jon.

+
* In an ethanolic solution, the “hydrgugen ion” is the proton attached to a
molecule of solvent, represented as C,H;OH,"

H+ &. bzgv Nonﬂ‘*to*’ )v_ X(/
- T S-‘whan
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Brinsted—Lowry Theory

|
newt g

T . EXAMPLES OF ACID-BASE REACTIONS

cLsqu-f‘L")‘- cid Base,
cv g Acid, Base, Addy T

Neutralization I_\L_HQ\ + oK~ = Szg + H,0
Neutralization H;07 -+ OH~ = ;{ A + cI-
Neutralization HCl + NH; = N 4COOH + OH-

ﬁ Hydrolysis H,0 + CH;CO0~ = f{H& + NH,
Hydrolysis NH,* + H,O = 3 cl-
Displacement HCI + CH;C0OO- = CH;COOH +

2" =» Lewis Electronic Theory
bare Lt M NH2 15 p MO <
° Acid 1s a molecule or an ion that accepts an
electron pair to form a covalent bond.

* Base is a substance that pmhe pair of
unshared electrons by which the base

coordinates with an acid. b
.‘:J ﬂ&‘uz’v YI‘;J-,.,

o ET HO
* The Lewis system is H ‘S°'V“‘e“’+@ﬁ"*‘= H:g:n
probably too broad Acid Buse
Y1 il

¢« 2 _CHy CHay

CI=B +(0 " =c1—B:07
! OO\CH:; | CHy
Cl cl

Acid Base

Rely o{cf":)l
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¥V  ACID-BASE EQUILIBRIA

5 ez
.+ Bronsted-Lowry The values of the colligative. @3

ee-
vt Hel

o e = - i _
} *1HAc + HyO @H;0™ + ACT (e jpcd V) o, G

Acid, Base, Acid, Base, Wo — Hi8 i.—
- The reaction is pfoceeding to the right and left simultaneously. -7 >

« According to the law of mass action, the velocity or rate ofthe =

forward reaction, Ry, is proportional to the COHCM 'fi,v'
1, TMf Vd

’

reactants; SfA's e
o
et Re=k; X [HAcf‘fx [H20]1
,{»c rea cha coh s vk

: T
Pw‘*“""Rr =k, X [H3O+]1 X [AC—]1 The reverse reaction expresses the rate, R,, of re-
formation of un-ionized acetic acid.

Decrease in the concentration of either the reactants
per unit time
pett

k, and k, known as specific reaction rates

ak ea'm.thfl‘*"‘ R( ;P\p

Ionization of Weak Acids

. A balance is attained when the two rates are equal, that is, when
Rf=Rr

. The concentrations of products and reactants are not necessarily
equal at equilibrium; the speeds of the forward and reverse
reactions are what are the same

+ K, x [HAc] X [H,0] =k, x [H;0*] X [AC]

+ —q 6537 YrlLL KD + »

(KL O YA T TIINT (o)) g5
{ [HAc][H20] =l (HA<]

» Ka, the ionization constant or the dissociation constant of the
acid (acetic acid)

: v \s oo
* In d‘.LF!Et? solutions of acetic acid, water is in sufficient excegs to
be regarded as constant at about 55.3 moles/liter

553, <) g o 21 oS
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Tonization of Weak Acids

) rle
q; R SOV G.t:J N A.',jSog:d.Han J‘r_;‘/l_ 7’ ’<t\ )', J} %

& SHAESN

_[H30'[Ac]
K,=55.3K=""THAc]

- cociati t of the
Ka, the ionization constant or the dissociation constan
acid (acetic acid) its called awt

HB + H,0= H;0" + B

( [H30'][B]
* [HB]

Ionization of Weak Acids

rablio Moo

— 1\
HAC + H,0 =H,0* + Ac”
(c—x) X X |
e
s Ketpaons -

where c is large in comparison with x. The term ¢ — x can be
replaced by ¢ without appreciable error, giving the equation

xZ
K =—
a—¢

x2=K,c

x = [H;0*] =VK,c
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Ionlzatlon of Weak Acnds

Example [HAC) = 0.1 o Jranfen — i r, sy

In a literofa 0.1 M 0.1 M solution, d(.CllC acid was found by conductivity analysis

to dlssoclatemto 1.32 x 1073/ ions (“molcs”) each of hydrogen and acetate G
ion at 25°C. Whatis the acidity or dissociation constant K, for acetic ac:d ?

* The coofions is expressed as moles/liter and less frequently as (#3=[Ws¢] = [Ac]
3 . W _— -
molality.ncentration V.32 %4077

* A solution containing 1.0078 g of hydrogen ions in 1 liter represents 1 g ion or
1 mole of hydrogen ions.

HAc + H,0 2H;0* + Ac”
(c—x) X X
C=0.1M x=1.32x1073

(1.32 x 1073 )2
. Kac X 0.1 -1.32 x 103

e X small? 5
1073 )2 (- _
O ACEALD V_ ————3 )
g ‘,'Q/._J‘ Jrl
. g,y o—p 5
2 o

Ionization of Weak Acids

* K, means acid into itthat, at equilibrium, the ratio of
the product of the ionic concentrations to that of the
undissociated acid is 1.74 x 1075; that is, the
dissociation of acetic 5 ions is small, and acetic acid
may be considered as a weak electrolyte.
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n of Weak Acids

acid and a weak base,
dissolved in water, 1t

Jonizatio

« When a salt formed from a stron
such as ammonium chloride, 1S

.5 _dissociates completely as follows:
vl H,'CI" 55'NH4* + CI

\qu"/// BT
= Lw*% NH,*is a cationic acid and its conjugate base is NHj

d&w' « CI'is a conjugate base of the strong acid HCI, CI” can

| J,\S not react further. b e 2,(;,
| e O (4
* NH,*+ H,0=H;0" + NH; =
ac .-i it bate o.c\d‘ .:fro:j ou.:
_[H30"][NH,]

Ionization of Weak Acids

. BH*+H,0=H,0" +B -e

. JH;0[B]
<~ [BH,]
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Tonization of Weak Bases
Y e
 Nonionized weak bases B, exemplified by NH;, react
with water as follows:

+ B+H,0="0H+ BH*

baje aed (on)‘,—l-d umJ'ujk\/"‘!
Lasa cad
_[OH™][BH™] I
Ko Bl  ~ e
[OH]= VK A [429
LEB)

Con r_e_r* ru“on 0(-’ Lue

~ Tonization of Weak bases
Example
The basicity or ionization constant Kb for morphine base is 7.4 x10~7at 25-C.

What is the hydroxyl ion concentrationof a 0.0005 M aqueous solution of
morphine? T ’

csacenbrakion op L-\sg
[OH]= VK¢ |
[OH]=+7.4 x10~7x5.0 x 10~*
[OH]=1.92 x 105 mole/liter
—_— .
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NaoH

L]
ac® \"“L /

Na*CH,COO~ — Na*+ CH,C00™ 7 ,,..5
ﬁ/\/\/

Weak bases

m acetate,

Tonization of

' q S Sodiu
D Ly aQQ p > k quds SUCh a ¢ .
Salts of strong bases and weak . n to given ions:

iSSOCI :ly in aque ut
dissociate completely 1n aqueous sol N

cnycooH ok — Yiies
t H,0 & o ts'F
VLauQvauH)
se it would form

The sodium ion cannot react with water, because 1t WC o
NaOH, which is a strong electrolyte and would dissociate

completely into its ions. et

CH,COO"™ +H20 = OH" + CH,COOH

-

_[OH-J[CH,COOH ]

* %= —TCHm,coo7

In general, for an anionic base B~
— B~+H,0 =OH"+HB

_ ¢ [OHHB ]
»__[B]

H2o +Ha0=OH +H3za'

Ionization of Water - -t of wae
reach wirk eecl oHher
one wxwt act a3 acid ln-‘ PR

ot

The concentration of hydrogen or hydroxyl ions in solutions of 3
as base

acids or bases may be expressed as gram ions/liter or as

moles/liter.

A solution containing 17.008 g of hydroxyl ions or 1.008 g of
hydrogen ions per liter is said to contain 1 g ion or 1 mole of
hydroxyl or hydrogen ions per liter.

Owing to the ionization of water, it is possible to establish a
quantitative relationship between the hydrogen and hydroxyl ion
concentrations of any aqueous solution.

The concentration of either the hydrogen or the hydroxyl

lon in acidic, neutral, or basic solutions is usually expressed

In terms of the }eraﬁon or, more conveniently,

in pH units,
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ITonization of Water

. A weak electrolyte requires the presence of water or some other
polar solvent for ionization. Accordingly, one molecule of water
can be thought of as a weak electrolytic solute that reacts
with another molecule of water as the solvent.

- This autoprotolytic reaction is represented as
* H,0+H,0 #H;0"+ OH" 2 e i U
' [OH 1[H;0"]

« Because molecular water exists in great €xcess relative_to the
concentrations of hydrogen and hydroxyl ions, [HZO]2 is
considered as a constant and is combined with k to give a new
constant, K,,, known as the dissociation constant, the

autoprotolysis constant, or the ion product of water.
/W

Tonization of Water

+ K=k x [H,0P
 The value of the ion product is approximately 1 x 10714 at
25°C; it depends strongly on temperature (Proportionally)

+ [H30*] x [OH]=Kw=1 x 1074 at 25°C

* In pure water, the hydrogen and hydroxyl ion concentrations
are equal, and each has the value of approximately 1 x 107
mole/liter at 25-C.

[H30°] = [OH] = 51 x 10”7
The increase in hydrogen ions is offset by a decrease in the

hydroxyl ions so that Kw remains constant at about 1 x 10714
at 25 oC, o |

- - * . " r')‘
tz«dwg"lp oN ()“U fgm:, et s
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ization of Water Q
I,g!?llz:ao!:—lg{/’, H;o* ;TI/ :,Lf Q.,)I,JI’.
H3°* /‘:J‘/:'f/‘:,l) nel J|J,?’
A quantity of HC1 (1.5 x 107> M) is added to water aE725°(13 ;ox
increase the hydrogen ion concentration from Li_lg___t_?—-?,,
10-3 mole/liter. What is the new hydroxyl ion COW

- -14
[OH"] 0 L i 6.7 x 10~12mole/liter

15x1023 >~V i
A o
,/\'} :4’4 JJ“JZ B

Ny & 27

Example

Relationship Between K, and K|,

A simple relationship exists between the dissociation constant of a
weak acid HB and that of its conjugate base B™, or between BH* and

B, when the solvent is amphiprotic.
_[H,0'Y(&] [OH) [HB] Gy, otk 0

K k 2l
b~ [HB] BT TR b
ka ke = [H30*] x [OH"] =k, J7)
K, = -
b—k - vy wpfe.(
k. on Iy pieeeB
a:E
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Relationship Between K, and K,

Example

Ammonia has a K, of 1.74 x105 at 250. Calculate K, for its
- N P S R
conjugate acid, NH4",
'____/,_—_\—\—'-_’/

i Ky (100x10°4 0
K=k, ~T7ax105 23210

Strong acids and bases are those that have acidity or basicity
constants greater than about 1072
ﬁ/\/v’_*v

a/Ks P 0™

Tonization of Polyprotic Electrolytes

. Acids that donate a single proton and bases that accept a single
proton are called monoprotic electrolytes.

. M(polybasic) acid is one that is capable of donating
two or more protons, and a polyprotic base is capable of accepting
‘o ormore protons. s G ol 5 Sy
- A diprotic (dibasic) acid, such as carbonic acid, ionizes in two
stages, and a Mtri_b__asic) ‘acid, such as phosphoric acid,

ionizes in three stages. 53 €7 H. Po
‘ p AL 3 | 7
/—_—_/‘\_/ 7
NySoy #H20 —3 2H30" | S0l T

Hy Pou xR0 — Hye' o NzP0:

g -2

" P-ozMHZQ < Mo”4 HPoy
0 -
NP Yy + M0 _‘:7 H3°++ POqJ
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ctrolytes

Ionization of Polyprotic Ele
(k‘l) . |%

acdly ful L acdiy J!
N s H.PO,+ H,0=H;0"+H,PO, T -
I AR U T bt e ta e 2HT
Ht‘:” [H o+][H POA"] —\.:.\.— " K K¢ > Keag f_,}
3[H3P024] K= o S8 '. L(u:‘)’b . <24
w0 HPO +H20=H30++lff,-912— 0> NPT > HaPO
“::\3“ acd » ” C;n-ij “ kLJ 2 kLz >kb’
+ - 2 i
[Ha?H]LPCI)P_C]M —K,= 6.2 x 1078
2FYs '
ack o base ©°r
. HPO-+ B0 = H,0" + PO T T
o S
acid ok ‘;3:9*7\ K
[H;O*][PO,~ s =13 Kl
mpo, T e 0 /!
(,QJ o
s Y
d-c‘-l\ﬁ" -5 Poﬂl
\A1P°: }H 1
amohol ¢

Ionization of Polyprotic Electrolytes

« In any polyprotic electrolyte, the primary protolysis is greatest,
and succeeding stages become less complete at any given acid

concentration.
N-—_-__"-—-—, . . .
- The negative charges on the ion HPO,? make it difficult
for water to remove the proton from the phosphate ion, as
reflected in the small value of K.
« Phosphoric acid is weak in the third stage of ionization, and a

solution of this acid contains practically no PO,>~ ions.
e e i st
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' Tonization of Polyprotic Electrolytes
[

Each of the species formed by the ionization of a polyprotic acid
can also act as a base. Thus, for the phosphoric acid

system, =1
 H,0+POS =HPO/ +OH" L v ) )
§ 2- > HPaL D WPoy
Kbl=[OH ][Hgoll ] _4.8 % 10_2 PO
[PO,~]

HPO," +H,0= H,P0O,+OH"
OH1[H,PO,7] _
Kb2=[ [I‘%I[)Oiz—] 4 =1.6 X 10 7
H,PO,- + H,0= H;PO+ OH"

_[OHIHPO _ 5 4 10-
Ko™ [H,PO,] 4 =13 x 10712

Tonization of Polyprotic Electrolytes

« In general, for a polyprotic acid system for which the
parent acid is H,A, there are n + 1 possible species in

solution:
HHA + Hn_].A_j+ I HA—(n—l) + An_

« J: the number of protons dissociated from the parent acid and
goes from 0 to n.

« The total concentration of all species must be equal to C,
HA+H,_ ;A7 i+ -+ HAD + A™=C,

« Each of the species pairs in which j differs by 1 constitutes a
conjugate acid—base pair, and in general

* For the phosphoric acid

* KKy =KoKyp = K3Ky =K,

’——\W\_/;-\/’\.——\_N
e by | CAD w3\
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Ampholytes

s anacid 0

photeric in nature. 2T
ption of

r as a base is called

A species that can function either a

an ampholyte and is said to be am af
. . e

. In a polyprotic acid system, all the specics, with the

HnA and An—, are amphoteric. .
i terest
Amino acids and proteins are ampholytes of partlcular In
. _proteins

in pharmacy. N
*NH,CH,COPH + H,0 =*NH,;CH,COO" + H;0

+N!}3(;L{%‘COO‘ + H,0 = *NH,CH,COO0™ + H;0"
+*NH,CH,COO™ + H,0 = *NH,;CH,COOH + OH

base

*NH;CH,COO~ (amphoteric called Ew/\it/tg;i\c_)_n, it carries both

positive and negative charges)
———e et
— The pH at which the zwitterion concentration is a maximum is known as

g o .
the 1soelectric point.

pH

Sorensen’s pH
It expresses hydrogen ion concentration.

1
PH= o80T

_pH = —log[H;0"]
The neutral pH at 0-C 1s 7.47. and at 100-C it is 6.15

pH Scale

Acidic Neutral Alkaline

—
N

i T Y
6 7 8 9 10 11 12 13 14
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[r;0)' = [Rat)
H

WSSy et ) po
Bxample 'Laﬁ.»‘if""'uilngﬂav,»s' L 1

» The hydronium ion concentration of MA solution of HCl is
0.05 M. What is the pH of this solution?
pdlict 53N

pH = -log(5.0 x 102)=1.30

Example

« Ifthe pH of a solution is 4.72, what is the W
concentration? PH

pH = - log[H;0"]
4.72= - log[H;0"]
[H;0%]=1.91 x 10~> mole/liter -

[H3e) "= 1o

v [oh]  getb S
7 k w
(e Y -
(Hy <]

pK and pOH

« pOH expresses —log[OH]

- m
- pKa is used for m
« pKb is used for —log Kb

/——/\/
« pK, is —log K,
. pH+pOH=pK;— ' PR+ PoH = |4
——— ——

pK, + pK; = pK,,

pKa and pKb provide a convenient mean to compare the strength
of weak acids and bases -
— The lower the pKa the stronger the acid
— The lower the pKb the stronger the base

T —————
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Calculation of pH

. According to the Br onsted—Lowry theory, every proton
donated by an acid must be accepted by a base. )

* proton balance?q]ation (PBE) for each system for eac
system must be accomplished

e Hel + Hzo — H30" 4 el

—

L «e®
/ p Pfohn LA'&M‘A J) ZLP' Gt— &

- Hen
¥ _ v |+ {oR) i
[HJC’}" (C ]+[
\f;(l(}!h;-?&@@: \?('J‘SLJ‘:LD(D
CoSy s oS il
’ \-\: - HY o
. 4l ot N )
Wyo' o=* ® LH?_,L}i):J)

PBE = =%©

Always start with the species added to water.

On the left side of the equation, place all species that can
form when protons are consumed by the starting species.

On the right side of the equation, place all species that can
form when protons are released from the starting species.

Each species in the PBE should be multiplied by the
number of protons lost or gained when it is formed from
the starting species. -

E. Add [H30%] to the left side of the equation and [OH™] to
the right side of the equation. These result from the
Interaction of two molecules of water.

° 0 wp
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Examples-PBE

HC'.&-“;_O — “}0* -+ cr

 HCI added into water

L]ty ppte B4
— [H30%*]= [OH ]+ [CH] ¢
* Whatis the PBE when Na,HPO, is added to
water?

s\
W'A‘ ° NaZHPO —2Na*+ HP02-4 (;;;/.’-35 a2z LS )
— P\lJL* J"“‘-

(ut oo 55 el S us) Lebe side

— [H30%] + [ H,PO-,] + 2[ H;PO,] = [OH]+ [PO*4 ]

(_A_/V
L P
Q%
a3 r2Av s
o wigod ¥ 9 Y
-1 '\9 A -~
por 2 s -y U v Hzo"
" -~y W% [ I}Q:J J\J ?
(.};;,,: ’I:\""’”A S I M’s
r’ ’(/ R\J'L )'\A} ON

& o

Examples-PBE

H3 P ow Hyo = HaPoueks

* What is the PBE when H;PQO,is added to
water?

* The species H,PO,~ forms with the release of one
proton.

/_____,—-—\_/
* The species HPO42 forms with the release of two
protons.

* The species PO,* forms with the release of three
protons.

—

[H;0*] = [OH"] + [H,PO,] + 2[HPO4 71+ 3[PO]

BPO}D W’“‘?\b ulvd“‘Nl &Y 9 o\

u-*,u/»tw cod NPoi’ LS s TS
| P /PD:;J:/ E Ao ¢ Ny POy )
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Examples-PBE
chy C 00 Na
. Whatis the PBE when sodium aceta

added to water?

_ The salt dissociates into one Na+ and one
CH,COO™ ion. The

— CH;COO" is considered to be the starting species.

— The CH;COOH can form when CH3COO‘
consumes one proton. Thus,

+ [H,0+] + [CH,COOH] = [OH']

| ‘9 N‘:‘ 4 C“}CO;
te IS

~ )
~7 "JJQ/ ‘/ \‘:( ’ Li v
ax~ 7 vV
PP A : e i o @
e M.
(VB

" Uses of the PBE

. The PBE allows the pH of any solution to be calculated
readily,
as follows:
— Obtain the PBE for the solutionin question.

— Express the concentration of all species as a function of equilibrium
constants and [H30+] using equations

— Solve the resulting expression for [H30+] using any assumptions that
appear valid for the system.

— Check all assumptions.
— If all assumptions prove valid, convert [H30+] to pH.

» If the solution contains a base, it is sometimes more
S “Convenient to solve the expression for [OH—], then convert
this to pOH, and finally to pH by use of equation
B R

PR:=\4-FOH
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Strong acids and bases

 HCI- [H30"+ [Cl]--------—-- conc. of CI = conc. Of HCI
- PBE: [H30%]= [OH']+ [CT]
* Kax Kb=Kw

%
K aet &9 — Gl.):[ﬁc‘]

w
[H,0"] = ey C. A
3 [H3O ] imu i
of wct
\

L8 ot Lo

He

[0 =K+ [H;0¢] Ca —" 25"
[H,0*]2-[H;0+] Ca-Kw=0 (ax2+bx+c=0)
PO R - M e——

;}ct/’tz@\/m \‘j} ay, f’:"“"
N X= o3 'l >§( (@A an
)
¥
\& gitoes) Y X
celen Strong acids and bases

M''« When the concentration of acid is 1 % 107 M or greater,
$ _—’_f * e
1x -t Wh greater than [OH"] in equation . and
"‘; Ca? becomes much greater than 4Kw in equation).

Z o5

ca=[1¢Je Thus, both equations sin‘ﬁ)’l’if—y to S5 g o L
C: P LIKN [H30+] Eca kKw & )Tj‘ u:’——{'
ST S (oﬂ‘ J M

o A similar treatment for a solution of a
strong base such as NaOH give% 3

\ )

— Ca > b“lo-"
./[OH = ChVCh2—4Kw [ onis o o
2
° OH-] Ecb—) concentration ? Cb > wa"’/v\

'Dale ),
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e Acid—Base Pairs

Conjugat ,
- bases, O
- pH of solutions composed of weak ﬂC}dSa weak Dases;
mixture of a conjugate acid— base pair Bania
. : i an
« g solution made by dissolving both a weak acid, Ev’
salt of its conjugate base, B—, in water.
— Acid-base equilibrium
HB+H,0 = H;0' + B
> B~+H,0=OH +HB

H,0 + H,0 2 H;0" + OH-
 PBE
[H30*] + [HB] = [OH™] + [B7]
i b 9 1?:'.,’&}7
sl & spor

Conjugate Acid—Base Pairs

The concentrations of the acid and the conjugate base can be
expressed as: .
[I—IB]= [H30+]Cb/,

[[,0"]+ka

_+_  KacCa
B H,07+ka

l Vo X

(ca-[H;0*]+[OHT])
(cb+[H;0%]-[OH])

[H3 O+] =Ka
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¥ Solutions contain only weak acids

o Cb=0 ke\ug oS w1l
N
H.O'>>> [Of-] &%
OILOT2 00T Sy
,:'3-5' ot | hase J"

G [H,0*+[O1])

[H30+] —
[H30+] [OH])
[H; O*]Z-Ka[H 0+]-Ka Ca —0
\/_ wea\"; & )(
l 1 —Ka+t Ka?-4Ka Ca G, Lp LY
H3O ] > - :‘ y.gﬂ
In many instances, C, is much greatef than [H;0+], and
equation simplifies to: &
[H;0"]=VKaCa s )ik‘ g
T S S ' -‘P) r (,a-l‘?'J -
B @

Solutions contain only weak acids

Example:
Calculate the pH of a 0. 01 M solution of salicylic acid, which has
/‘\_/V_

a Ka= 106 % 107 at 25°C. if@we«w v

A7 S
[H;0%]= _/KaCa «*° 5" CRETt A
OLJ! gl Cb- co”

[H3O+]_WO6 X 10_3X0 01 J ‘}»'(’\L )(O CQ ok much 7r¢q|'¢f f‘L\r\ [H)t?}
= w 50 C >>> [H,0+] is not valid = Caz 18"

[H3O+]= Eanll b [138) 2326007
~-1.06 % 10_34\@'06 x 1073)2-41.06 x 1073x0.01
2
()7 P
=w ‘ J._Aadi J,/Lo/) (/\—f
pH = - log(2.77 x 10-3) = ERONAP
g(2.77 x 10-3) = 2.56 wml‘»;’/’

VTR RN S
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' ‘ acids
Solutions contain only W eak
o as O gl
1 of f;)l:\edri,;le sulfate.
d K,, for ephedrine

19 ‘

Example: 5 b
Calculate the pH of a 1-g/100 mL solution 0
The molecular weight of the salt is 4_2_8_._5, an
base is 2.3 x 1073, caxjugeft wetd

> ad

(BH+)2SO4_)2BH++SO4’ZJ (Z)X 0L
Ca (cationic agcg{g (1)/428.5/0.1=4.67 x 10°M — 4

douly 2msl AR 22w

Ka=kw/kb=1 x 10714/ 2.3 x 107544.35 x 100} —_ %%

[H;0*]=VKaCa

7 b

[H;0*]=V4.35 x 1010 X 4.67 x 102 Tbase
pH=-Log 4.51x10¢=535 °.¢ o4 X
O TJ’J’Q

PRNEFIN Y 4 glo &Y L

-11_8.'5 9/mol

Solutions contain only weak bases

" %//1// ,.//;4
(la-[H,0+[OH]) L G

[H30+]=Ka ( Cb+[Hz{O+]" [OH—]) wd :f
®Ca=0 werd ‘l&-éi‘ NV
(® [OH] 23> [H;0°] Ll

" Ka[OH]  KaKw
(0] = - [OR T -[A,071Ch - Kw

x?

C,[H50*]? - KwKa[H30*] - K.K,, = L
K,+VK, 2—4K_K cb Sy
+]—_W w w'ta ons y
¥ [H,07] 2, X
f K, is much greater than [H;O*], which is generally true
for solutions of weak bases, —
ka

[H;01)= [=5~ s

(e
. - (W]
p\ ;,;C,J\%*\g pre=
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Solutions contain only weak bases

. _;AJ G;JL’T
9 (or —HEVETR, e o
- == K,“—4K,c ast
OH = b b b Tk o Lol
[ ] 2 /,,/%"' £S5

(® If C, is much greater than [OH"], which generally obtains for
solutions of weak bases,

zﬂ\wn:
[OH—] = VKbe é;g y Y
(T ) o
(o J &
L S Jerir | 0‘753‘“-

Solutions contain only weak bases

Example: cu

What is the pH of a 0.0033 M solution of
cocaine base, which has a basicity constant of

2.6 X I,Q__iz/ii‘;l“szj;f\ Ke

[OH ] =VK,C, ..

[OH]=+2.6 x10°x 0.0033

=9.26 x 107°5M > ;ﬁ‘;w Vit

POH=-Log 9.26 x 1075=4.03 g

pH=14-POH=14-4.03=9.97 ?3
PI.H“'——} L (n;f] b ) X
-L°)i'43°) {_":’_)
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; es
Solutions contain only weak bas

Cony 65 M solution of
Calculate the pH of 2 0.165 M solU 1
..; & ~sodium sulfathlazole The aWt for
“rib» sulfathiazole is 7.6 X 107, *»

NaB—-Na*+B° (NaB] = (]

(M0 [~

R R ’j”’i& —
-6.79 x 107! Ca>>[H,0"] . ts,
- log(6.79 x 10711) =10.17 B sy oz

Solutions Containing a Single

In a solution composed of a weak acid and a salt”

of that acid (e.g., acetic acid and sodium
acetate) or a weak base and a salt of that base

(e.g. g_p_lLQd,Ll_I_l_Qﬂlld ephedrine 3'“).,»
_&@LM@ =

Ca and Cb are generally much greater than either
[H30+] or [OH-]. e

Wa%

i/\i‘i

c 0“"*3 alt

bLaf®
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Solutions Containing a Single
Conjugate Acid—Base Pair

Example:

wka.tl

What is the pH_ of a solution containing acetic acid 0.3 M and
sodium acefate 0.05 M? (Ka= 1.75 x 10

Co '\,“)(" ed “c“ka o

[H,0+] = (ka Ca)/C =(175 X 10°x03/0.05-.05 x 10” M

pH=—log(1.05 x 1074 = 3.98

Solutions Containing a Single
Conjugate Acid—Base Pair
Example:

.« Whatis the pH of a solution containing
(% —ephedrine 0.1 M and ephedrine
e drochloride 0.01 M? Ephedrine has a
" Pbasicity constant of 2.3 x 107

Kb """“k

__—————

Dy kv

Answer:10.36 e

@ E“Js) = ka .Ca = 4.34 xlo"°x 0.0} . éﬁ
chb 01

S
@ PH = "L°] Lu3°J = —Lu) (‘1 M x 0 ') 10.3b %
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