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Weak acids and bases

Strong acid and base are completely ionized Hc!l —s HoxCh

=

_|.
eak acid and base are partially ionizeg HoA)=) L+ obe

\W.Co V"Q

Mineral (inorganic) acids e.g. HCI, HCIO,, HNO; are strong electrolytes that are totally
ionized in H,O

ost organic acids and bases as found in clinical applications, are weak. (e.g
trichloroacetic acid, acetylsalicylic acid (Aspirin)
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Equilibrium constant for dissociating species

weak Svong-
Compounds are either partially (e.g. CH;COOH) orcompleteiy (HCI) dissociated when dissolved in H,O
Kev— o0 7 Can’t use eqw”ibriuvw constonk -
Weak electrolytes: are partially dissociated electrolytes

Al |
.9 ICH,COOH (2)1CH,COC2AH* o = CeHsces ] [H]
Ty— Ed"‘sc‘joﬂj
e.g.AB = A+B kcf{_

Keq =[A][BJ/[AB] =molarequilibrium constant

Some species dissociate stepwise, and an equilibrium constant can be written foreach step

Strong electrolytes: completely dissociated electrolytes e.g.  +\uve ‘o E &quilibr\um for srwond acd
HCI » H* +CI~




Calculations using equilibrium constant

Equilibrium concentration (mol/L) =(Initial analytical concentration) —(An amount

reacted)

Steps to be followed:

1. Write the chemical reaction.
2.\Write the expression.
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3.Let x represents the concentration of unknown small compound amount compared

to others

4. In calculations, for'simplicity: In a dissociation, neglect x compared to the initial

concentration C if C 2 1007Keq
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Calculate the pH & pOH)of a 1x107* M ofacetic acid? Ka = 1.75x107
HOCA = H* + OAC- e ) S, wa)fi ol CS1T (D
\V\/-UN) e
\_|HOACc H* OAC"
el Teddl] (M) (1x1072) 0\ 0
chosge | C (M) O x> [4x
Lywilibe— | E (M) 1x10°-x  |x— X <
= 9 g
L w f |
Ka = [H*][OACJ[HOAC]

Ka = x2/[1x1073 - x] = 1.75x1075 Lok

Note: if [Cy4>100 Ka], x can be neglected compared to Cy

BED> 1004195 4>

= 1.75x10<3at 25°C.
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The solution from a quadratic equation
=1.32x10™M

= [H']
pH = - log[H"] = -Hog1.32x

10 =3.8
OH—14388—1012 '
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The basicity constant K, for ammonia is 1.75 x 102at 25°C.(It is only coincidental that

Example

this is equal to K, for acetic acid). Calculate the pH and pOH for a 1.00 x 103M solution

of ammonia
INH; + H,O =INH,* +]OH"
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x = 1.32 x 10-4M = [OH-]

pOH = — bg 1.32 x 10-4= 3.88

oH = 14.00 -3.88 = 10.12
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The salt of a weak acid, for example, NaOAc, is a strong electrolyte that completely

ionizes . \M, X kﬁi& N G)
40-\\&;_‘»_' K{'
@)Ac@z Na +|OAC- @ ® >becharr o loate.
ACHH,0 = HOAG + OH- 2 <y
t"-’fwﬁ " [Kw Ka*Ky, ] For any salt of weak acid
- [HOACIIOHT _ [H P ket L0~
= - — K -
—TOAC| = OAc Ka " Va
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Calculate the pHofO ™ sodlum acetate (CH3COONa = Na ? = 1.75%x107°

NaQACGNa+ 'ISOAC -S S& A @ Q@m
H (':s-\-l-. ' ﬁdf /(Z weakl acd maan

;Oﬁcijﬂté@ ™ °~>,u \f;\),v = Ybehawes o4 base
ey - @@mp\d« Lonizeek:
OAc- HOAG OH-
<\|)M) 0.1 cA,'L\ W‘.'L,fg 0 0
C (M) -X + X +X
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Solution

Kb = Kw/Ka= 1107/ 1.75x105 = 57x107°Kb= 5.7x10-10 = [HOAC][OH"]/ [OAC]
k, - DACA ¢ p- Cottd

At Equilibrium [HOAC] = [OH-] = x

Eo-\——lj
[OAC-] = 0.1 (x is neglected because 0.1 > 100 times than Kb) > b :;; (A
= -10= y?2 ~-\0 L
ESPATTEERT s C 7 Kprio0 77
x2 = 5 7x10~1" fxi - pr\ + 5N ol Z s3x0°  Yes
X = J o.] XQ-"}X\’D\D 'H’Lm/lﬂnﬂ@ 3(

X=76x10°M=[OH]
T I o\

[H*] = 1x107*%/7.6%107°= 1.3x107*M, pH = H0g1.3x10° = 9 - 0.11 = 8.89
X (> e




The salt of a weak base completely ionizes in water

K_\)(
P D

f.
|
Jekets ) .
BH@+H OAB+H A O &

For any salt of weak
30+]
-= . bases
[BH Kb .
Kw[BH*] - H*] = /Ka[BH"]
Kb

2

Kw[BH*]
Kb




Calculate the
1.75%107)

=t‘§o

of a 0.25 M solution of mmonlum chlori

ettt ee—

Qgﬂﬂ@’? .for NH,=

- onsH

a =
qusg‘

0’25> loo +5.3Y Y\

oL ool o : .
’[\iUA:jZC_P—)\I\IHQé +a . +°4aJAva \DT\\?E—A s 5. ’LSH
NH, "+ HZO@H+ + NH,OH
NH,4* NH,OH
| (M) 0.25 0
C (M) - X + X
E (M) 0.25 - x X
x ok as ocd o —Y\f\cx Kean/ +> Ra Kb. = \45—:\0 =57F xd
E%’j C > (00 Ka.. / 0.L5*Ka =

= o ofl=
Q Hhan ”“J’a* X- ' x= LH*] 01 4




Ka = Kw/Kb = [NH,OH][H")/[NH,"]

Ka=1%x10-14/1.75%x107%= 5.7%x10-10

At equilibrium [NH,OH] = [H*] = x
[INH,*] = 0.25 — x (x is neglected because [NH,"] > 100 Ka)

Ka=5.7x10"1=x2/0.25

x = [H*] = \/Kax [NH,] = vV5.7x10 -0 x 0.25 = 1.2x1075

oH = - log 1.2x1075 = 4.92
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Calculate the @},
acid = 6.25x10°

C6H5COOK —> C6H5COO_ + K+

B R v
‘h- 2 "é-’ s : . N>
B\ B Q,:J}_/ < bes AN dfjo/\ﬁ u-S\(QP ;\4»\5;;{3 *\\LM
CGH5COO_ + H2O — C6H5COOH + OH e Jy \4‘\®6\ = .). Yo
§~
CoHsCOO~  [CeHsCOOH [OHT o | RN
| (M) 0.025 0 0
C (M) - X + X + X
E (M) 0.025@ X X
YRVl e
‘6{/’—7’*’:/ o-o‘)f‘b.?./\”*k“’ ~ Yoo A@Ieg/— A
s ~ O\ 4%
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Kb = [C4H;COOH][OH"]/ [C{HCOO] o0
Kb = 1x10-14/6.25%x1075= 1.6x10-10 A
Kb =1.6 x10-10 =x2 / [(0.025 - X)]

X2: 4 )(10-12

X=v4 x10-12=2.0x107%= [OH]
0OH = - log 20x10° =5.7
oH=14-57 =83
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Buffers

Abuffer is a'solutionthat resists change in pH when a small amount of acid or base is
added, or when the solution is diluted =4/« >~ [Pl RadBan o et eohs e L1
C M Geed S ), o
A buffer solution consists of a mixture of weak acid & its conjugated base or a weak
. . : oK ad L . T ke <ok
base & its conjugated acid [Wek scd e car g B8, ST
Qs ¢adk”
L Weak Lvase x sodk & ek \oase

Weak acid & its salt in solution is buffer. For example a mixture of
(CH;COOH/CH;COONa)

Weak base & its salt in one solution is a buffer. For example a mixture)rof (NHs/NH,CI)

- = oud rol”
cH:CooH (2 H* + CHz (oo DRz R0 = .Q:\ of_
CH Cz)@/t/a\,,—s} Na)r -+ C/HgQOO— _ QA \(_)O\$€ J\H"LiC/L —7 \,}:\—\:\L ’%u

2 \"{;" —J o \’55&_ - Jc&eé qo&
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Buffers

HOAC + OAC™ (acetic acid- acetate buffer)
HOAC = H* + OAC™ Sosdaai\y I ccomeXesh o Eolkfc’]

Ka = [H+][OAC_] /[HOAC] s ocd —s H S we Ka (. Ka= E\A\OQ{QT_
[H*] = Ka[HOAC]/[OAC™] oS e

- log[H*] = - log (Ka. [HOAC] / [OAC]) °—9’\A\t:"%¥\ usd e e

~log[H*] = - logka= I0g([HOAC] / [QAC™]) ¥ et Aony -
pH = pKa <log([HOAC]/[OAC])

3, CA—=+ —
7 \s?) b—./‘

N—

Note: (Change the sign — to +) the above equation becomes as follows:
pH = pKa + log([OAC J/[HOAC])

gn general: pH = pKa + Iog([salt]/[acid])lﬁw odveon_Hasstoale ook
S (S ‘

= : 16 LIS
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Hendrson-Hasselbalch equation

It iIs used-t

pH = pKa

calculate thelpH of a weak acid & its salt-in solution =pH of buffer solutions

og ([A"J[HA])

Example: Acetate buffer HOAC/NaOAC |

pH = pKa + log ([OAC J/[HOAC])

pH = pKa + log ( base]/[amd])

pH = pKa + log ([proton acceptor]/[proton donor])

+ O

Example: NH3/NH sy

pH = pKa + log ([NH5]/[NH4* ]9

= (pKw - pr)+ 0g fNT—IS]/[NH4



WS
Example
Nawd Code

Calculate thepEof a buffer solution prepared by addlng 10mL of 0. 1M HOAC to 20 mL

of 0.1M sodium acetate Ka 1. 75><1O - oad
pH = - log Ka + log([OAC~J/[HOAC]) = ot /VW
PH - .—[DSK, R I/Oj [ %a/SC J (&:‘
Final volume =10+20=30mL M 4 & ALY
FH - - Log WS*\O) + LD \% ﬂl—ol’o.l_:l :3 _}
VMa /U,A‘i
M of HOAC = (0.1x10/30) = 0.033 M PH~ _103 Ka +’°8 # o moles Bote )
M of OAC™ = (0.1x20/30) = 0.067 M # o ynoles RS
pH = - log (1.75%x107°) + log ([0.067]/[0.033])
pH =4.7/6 + IOg 2.0 > pH = 5.06 PH - 436 _,_/ 0gLX00° {XD ol > PR50E

8- *p.0]

For the log ([salt]/[acid]), voI e gets cancelled and the number of mole ratio can/be
used AN desm I Wope v W0 A a 18 S

used S ol




Example
miY aradd —p wse wmber o*@nflolf}.s

Calculate the pH of a solution prepared by adding 25 mL of 0.1 M sodium hydroxide to

3L of 02 M agell adid (ka = 17510 g ]

T —

R Y
QQOAC + NaOH -2/ NaOAC+ H,O ~ L
= 2nrm Case el (V5 N rk=2d %

> Y Ll =T X
AR iAC WTRYE

. M\J . e o N ErP (__',-.nOJ
SL?\'L{,tron\j Ghes e Huller eolubion — weak acid 3 0D %

'UoIHOAC=O.2x3O=§£ T\qu;{g/,:g S8 \sL N

mmol NaOH = 0.1 x 25 = 2.5 mmol of OAC- AN
6 -2.5=23.5 mmol HOAC excess shoog boose + AN —> Sij ek
oH = pKa +log[salt]/[acid] = s '
oKa + log[OAC/[HOAC] s 3 \order
oH = - log 1.75x1075+ log (2.5/3.5) solokol)

pH=4.76 + log 0.71= 4.61
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Ahigher buffer capacity means that we can add more H* or OH- before the pH changes

HOAc = H* + OAc™ (Ka = 1.8* 10, pKa = 4.74)

oge | a.cd - -0y
Assume that [A-]/[HA] = 1.

pH = 5.00




F‘“O“ N(AO]Q':D?\\ /.\'5/ dﬁw

Buffer capacity | o zoes of o B

Buffer 1 Has a higher buffer capacity

[A-]=090M +0.04M=0.94M
[HA]=0.49M —0.04 M=0.45M

Buffer 2

[A]=0.090M +0.04M=0.13 M
[HA] = 0.049 M — 0.04 M = 0.009 M

Add/0.04mol NaOH_to 1L buffer

HOAC + NaOH - NaOAC+ H,O

pH = pKa + log ((OAC /IHOAC]) = 4.74 +
log [0.94/0.45]

pH = 5.06

X

%

pH = pKa + log ([OAC)/[HOAC]) = 4.74 +
log [0.13/0.009]

pH=5.90
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If we acbcj

~ ol mol. NaOH to T o s
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Buffering mechanism

For a mixture of a weak acid and its salt pH = pKa + log ([A~ ]/[HA]) the pH is governed
"OM S < - -V
by log (IAJIHA]) K = et

Upon dilution the ratio stays constant so the pH does not changS}” | Coem PHﬁﬂX

—_— e

Upon addition of a strong acid or strong base, the change will be small compared to

RN =1l
unbuffered solutions A er e Wiiom >AW—— oo\l ol I
The buffering capacity increases with the conc. Of [A-] and [HA]* s s
: obera iy~

The buffering capacity is maximum at pH = pKa

The buffering capacity is satisfactory over a pH range of pKa + 1 pH = Qe bﬁ@fd

Lo -
lo 8= <\5\ GDM N



Al Example
Y

S eak Sodl R~ )

ocsd Weod( ol

A buffer’solution 0.2 M{HOAc and NaOAc, Calculate the change/in pH kgdn addition of 1
mL 0.1 M HCI to 10 mL of this solution (Ka = 1.75 * 10-5) APHC PRy — PHL,,M

=V \J
At the beginning [HOACc] = [NaOACc] ‘ﬁa\i&
pH = pKa + log ((OAC)/[HOAC]) - pH = pKa = 4.76 o X

When adding HCI it will react with OAC~

0.2 *10 = 2 mmol HOAc and NaOAc
0.1 *1 = 0.1 mmol HCI that will react with OAC~ to produce more HOAc

After the addition of HCI: 2 + 0.1 = 2.1 mmol HOAc; 2 - 0.1 = 1.9 mmol OAC~
Total volume 11 mL
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PH = Pkﬁi + Loa Eﬁif]] ool ineverss -CHO&)
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NP S PN | i iobores

Cmg N -0l = L9 mwol

[pHx 436 | -
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pH=4.76 + log ([1.9)/[2.1]) = 4.71

Change in pHis -0.05




Calculate the fconc ammoma and the weight (g) of ammonium c€hloride you

 ———— -

need to add to prepare 100 m¥ > buffer at pH 10 if the final conc. of salt is 0. \M’é NHj] =<

\'

14.8M, Kb = 175410, (uH4C| 53.5 g/mol).
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Calculate the volume of conc. ammonia and the weight (g) of ammonium chloride you
need to add to prepare 100 mL buffer at pH 10 if the final conc. of saltis 0.2 M. [NH;] =

14.8M, Kb = 1.75x107, (NH,CI 53.5 g/mol).




Example

Calculate the weight(g) NH,CI (53.5 g/mol) and the volume (mL) of 3M/NaOH needed to
prepare 500 mL buffer at pH 9.5 and salt conc. 0. 1M (Kb = 1.75* 10 9)

NPyl NeOR —>nNacl + Nt + o

ol

Doa e\ ] R
ph = pa = DJ Cocd § (L mmol NHyclk = :10—1-50 W
9.6 = 121 + /=3 Lt Lo aht= Al Aol :\)M
b\'// tNHwJ _ o X0 A GL.S
Y
a’ 557_217‘_/ CNH}] =
o.] \O
MuOH} J0x =~ ol gM
e o3 1 E 600\7\\0%
#ok ol Py = 01 500 = QD ol | U =3 0,
o\ I = 0. DO
NH‘{CI: O'{ — o-’%500: SD/‘AW\ g ‘\(\2}5%07;\%’



Calculate the weight (g) NH,CI (53.5 g/mol) and the volume (mL) of 3M NaOH needed to
prepare 500 mL buffer at pH 9.5 and salt conc. 0.1 M (Kb = 1.75 * 10-9)



Example

werK
\Ooke.

Calculate thepH of a buffer solution prepared by dissolving 242.2 mg of ((HOCH,);CNH,
=121.1 g/mol) in 10 mL of 0.17 M HCI and diluting to 100 mL with H,O (pKa = 8.08 for
the conjugate acid of the amine) $Mo«:?':\ -

\(HOCI—iz)?)CNH? + HCI 9 (HOCH2)3CNH3+ + CI_

_ e\ el ) ] e
o\
Hel = &\ ¥\ \
# «/‘X’ y{\/Y\O\— AN o——(g)gei \(Q_CAC)V (1_,_ \,-—1' - p3Am
6.2
\DH: P’(q N lcj 1-3 - —1‘()/:' k/\



Example

Calculate the pH of a buffer solution prepared by dissolving 242.2 mg of ((HOCH,);CNH,
=121.1 g/mol) in 10 mL of 0.17 M HCI and diluting to 100 mL with H,O (pKa = 8.08 for
the conjugate acid of the amine)

(HOCH,);CNH, + HCI > (HOCH,),CNH,* + CI-

s



