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CHAPTER 14: ACID-BASE EQUILIBRIA

Bronsted-Lowry Acids & Bases [14.1]

Examples of Acids
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Conjugate Acid-Base Pairs
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Acid Equilibrium Constant: Ka

HA = H* + A x _ HA]
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H,O + HA = H,0" + A K, = oA
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Autoionization of Water: Kw

[ Vo
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[H30"][HO]

[H0]

= [H3OT][HO'] = 1.0 x 10

an acid-base
reaction, in which
water is both the
acid and the base

...S0... in a glass of water at 25 °C, 1-in-100 billion water molecules break apart into ions
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Relationship between Water & an Acid: Acid lonization Constant, Ka

HF + H,O = F + H;0" K oo — [H3O"][F"]
a,HF —
| % | | [HF]
CA/cB B /cn
H,0 H,0*
HA I\

Abbreviated version ...

HF = F + H* Konr =



Amphiprotic Species - “It’s an acid AND a base!”

+h* —H* +ut —u*
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(EX) ¢ Which of the folling is/are amphiprotic?

HHO o CH,CO|  HSD, Hif, <2~

answer: HSO4-
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pH and pOH [14.2]

The “~logX” function pH vs. pOH vs. pKw
.n.aw\zlwv
_ _ /\/b/_\
. MX = logX K, =[H'|[HO | =10
pl = —loglH"]
{ . ~log[H"] + —log[HO] =—-1ogl0** =-logK,
pok pE = —log[HO"|
pK = —logiK] pH +pOH = 14 = pKy
plo = ~lube

[HT][HO | =10" = K,

[H*] [HOT]

pH = —log|H"] | pOH = —log|OH ]

pH pOH
pH +pOH =14 = K,
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(EX) Calc of pH of basic solution
¢ What is the pH of a basic solution with a hydroxide conc. of 0.0125 M?
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Relative pH Scale (pH = 7 = neutral)
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Acid Rain

Co, + W, 0— HK,co,
u:. CO?> — A‘\. 4 HCO}—
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Relative Strengths of Acids & Bases: Ka and Kb [14.3]

—log THI*

eH Cal

e s 14| | W I[al= o

prH [

— \ogLHo]}
(strongacid) [H"] = C, [HO| = C, (strongbase)
(weak acid) [H'] = K, [HO| = y K,  (weak base)
(weak acidbuffer) [HT] = % [HO|] = % (weak base buf fer)



7 Strong Acids and 8 Strong Bases rl

Strong Acids (Dissociate 100%)

Cu Zn Ga Ge Se Br

Ru Rh Pd Ag Cd In Sn

Au Hg T Pb Bi

Calc of [H*] for Strong Acid

RowA —— H' 4 A-
L o g L

C - <e + Co 4+ Ce.

Z &g = Ce C,_
[H41 - Ca—




Shortcut formulas for relating [H*] and [HO?] to inital acid and base concentrations

WA — RT + A

[H+] =Ca,

/! //
Not IV ook, > Ca 15 Hee WWITAL

Con CR WA\ Do o the qcid.

Moy — s MY+ {oo

X)
/
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JHe = Ce

[Ho"_] =C,

(EX) pH of solution
i Calc the pH jof a 0.050 M HNOj; solution?

[H"] = Cqo = 0.050
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Shortcut formulas
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Weak Acids

R AA —— H' + A~ L X =iy
| Co g & K> e
C _-% * X +X CoY t00 Ba
. Car¥ ™ x J Cn) 20 x 1
K2
[H"] = \/C.K, < Ce
Weak Bases
B+ HOH = BH -+ HO [HO | = /Cy Ky

Shortcut: Estimating Values
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(EX) Calc pH for WA
¢(@) What is the pH of a 0.10 M hypochlorous acid, HOCI. For HOCI, Ka = 3.5E-8 M

HOCl + H,0 = H,0* + OCl-

initial 0.10 M ~0M oM

change due to rxn —xM +taM +xM Z H»{'l ICT—

at equil 0.10 —x) M x M x M
Substituting these algebraic representations into the K, expression give ~ // C@( ) Q <N ”?)

- HO'0C] )@  _
: [HOCI] (0.10 — x) p _ 5- q ( -

This is a quadratic equation, but it is not necessary to solve it by the quadratic formula. The a\/f :S - xo
small value of the equilibrium constant, K,, tells us that not very much of the original acid
ionizes. Thus we can assume that x << 0.10. If x is small enough compared with 0.10, it will {
not matter (much) whether we subtract it, and we can assume that (0.10 — x) is very nearly U

equal to 0.10. The equation then becomes

¥ -
— =~ X 8 ~ 35X = =~ 59X =5 -~
010 =35 X107 2 ~35x10 so  x=~59x10 /H N ﬁ[d,;ﬂ T.1] xo
In our algebraic representation we let
[H;0l=aM= 59X 10°M ; [OCH=aM=59XT0"M - - (“4—_'7_7__3
-14
[QH-] = K _10x10 —— 7 X 10 M

[H,07] 59x10°

(b) pH = —log(5.9 X 10



HA — (#1-rel
(EX) Calc pKa for WA c—~_,—\ U\)CC/ A’{L %C [ 0

(ThepHofaO solution of chloroacetic acid, a weak acid monoprotic acid, is 1.92\What is pKa? \
- LA ==
M |yt




(EX) Calc pKa for WA
¢ The pH of a 0.115 M solution of chloroacetic acid, a weak acid monoprotic acid, is 1.92. What is pKa?

ROHA= W s AT /. - Calcad
L o5 g s
C - K X X 2
7 bus-K X X QLS
0-115 ~<
) _ (0.0
- l%[H*j = ,"H (o s —0.012)
- lOf) K = ‘O{:-\F'H — .22 K{ = O;OO(4"
X = 10 = 10 J
W= 0.01% Pha= ~halom14) = 2,35
| Fesls st oK st
—Crd oot doik o K
Ca 72 220 X 0.0\2%
—om  ——= 0% »5%

0.115 Y L (o.0n)

o.is Y 024 <— paLSa N

LLD ke, #H 2



% lonization

yed “Q (fIH,"L}

x 160
s —— kil ouc.

GZ lbwl%—mwv\ = [H+]
Ca

(EX) Calc % lonization for a Weak Acid [whitten]
¢ Calc the pH and % ionization for 0.10 M solution of acetic acid (Ka = 1.8E-5)

Ca 0.10 %(0 (0,000 X0 5 v “
=% im 2 - - Swo - o
K 7 ' [.€ =0~ 13 x5 ‘ e H

® 3 Jo =T = 1305
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Relationship among Ka, Kb, and Kw

KaKb — Kw

flor ply= 14 oM posm—

Relative CA-CB Strengths

ner a i d N\ U o3 o “5: M0
P [ | 1
Ka. \"o f:)—L lO ~0 l(:‘l‘(
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Acid

Base

perchloric acid
sulfuric acid
hydrogen iodide
hydrogen bromide
hydrogen chloride
nitric acid

hydronium ion

hydrogen sulfate ion
phosphoric acid
hydrogen fluoride
nitrous acid

acetic acid

carbonic acid
hydrogen sulfide

Increasing acid strength

ammonium ion
hydrogen cyanide
hydrogen carbonate ion
water

hydrogen sulfide ion
ethanol

ammonia

hydrogen

methane

HClO,
H,SO,

HI

HBr

HCI
HNO,
H,0"
HSO,
HaPO,
HF

HNO,
CH,CO,H
H,CO,4
H,S

NH,"
HCN
HCO;
H,0

C,HsOH
NH,

CH,

Undergo
complete
acid
ionization
in water

Do not
undergo
acid
ionization
in water

Do not
undergo
base
ionization
in water

Undergo
complete
base
ionization
in water

clo;
HSO,~

perchlorate ion
hydrogen sulfate ion
iodide ion

bromide ion
chloride ion

nitrate ion

water

sulfate ion
dihydrogen phosphate ion
fluoride ion

nitrite ion

acetate ion

hydrogen carbonate ion
hydrogen sulfide ion
ammonia

cyanide ion

carbonate ion
hydroxide ion

sulfide ion

ethoxide ion

amide ion

hydride ion

methide ion

yibuans aseq Buisealou|

[,’l_ol_\. >___< H}‘D& Qé«im)
Ko

HA

(lo;;t'ﬁ Yo~

A
Kb

T hok



(EX) Calc pH of WB solution [whitten]
¢Calc pH of 0.20 M solution of ammonia, given pKa for ammonium ion is 9.267?

\_/_\
\(/ \Cﬂéb &(,Jrg — 7] Jﬁéﬁ gy K22 €

-JCu K,
[t — @
| K
ph - o MR, F Hoo —= pHg 0o P+ ply = It
be < 1* _KA
_(K'b = 4 -2
K‘,: ] =2 ,fzb‘— —-lqe} KL
g — 3D
W
CaS vk 7 (w1 ¢,k
0.-2010 7 too (1.3 xt;f’_) = J(0.w(l35-5)
100 S 13 WS [ ,] 1.9 %0
.
potl = ~ T3 = - b (116-y)
fu 4 fDH = ’4 “~—
rH': (4— 000[?(
pr= 14272
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Salt Solutions [14.4]

| I
HA iy f’bﬁ&l — DBA + HoH
ch:(k +  base /S&h\ U.)ﬁﬁ,\—;

(cans) (e84 4)

Deconstruct Salt into original acids and bases (using H+ and HO-)

A
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SA/WB [Q2]

y N\’\q. IUDB
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X
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(EX) WA/WB Salt — Acidic, Basic, or Neutral?
¢NHA4F is added to water. It the resulting solution acidic, basic, neutral, or not enough infomation to
defermine. (Kb,NH3 = 1.8E-5, Ka,HF = 7.2E-4)

_
() (B o2 10 QK«,HFXQ F)=16
I

e z =2 . (‘rx\o’“
1.§ 705 p— _
A
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(EX) SB/WA Salt System
¢ Calc pH for 0.10 M solution of NaCN? (Kb,CN = 2.5E-5)

/

N -
=1 St __ pa'(q%

® M ol'l\lmgxm_o_ Lo newhedl

mwh e due exduswd, Ay 4 Wo0 P
o N~ HE & peod >c\~ +Ho” j
@D ALS sill be basic : \l/
TR ] - /IC [H—o j = / (0-10)(2.5¢-D
[t0] bl y?\' [Hl= 0.00l6 WG

J
Cy S (o ¥y, } f’OH = 2.3 2
219 25¢-3 =25D¢~( pH= (4-23-12

o\



Polyatomic Acids [14.5]

-~

>
HoA = KA~ + HY oo lt,coy = 0
”'LAF = Ha*> +#u? 'K‘tz_
Hae = 477+ Kas .-)
H o,
4
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0 S e ST AR 3 e
KQ( KQL 243
LGuh)  FSES 626-3 3.LE-43
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(EX) ¢ Calc concentration of all species in 0.10 M H3PO4 solution?

® Cafka = D1o/75E3 = B3 KO0, . Rics /QupRATC Yuck [

X o x
fy = LECORTT  25ps B o KLLCHT = 2. 4e2mex
- >x4-] QAR (PO T < Dxip ~ 2.4 x5 =

[Ha]= 76 =0
X+9

J ~2
@ 1, - ki aez] _(DR4ns™4A) _ (o 08, L] - g2m6 ey
D'\w. PD(] (Z .47(161 ”ﬁ) 3 AJ/

)
x=y
e 2442
/ SG0 *4.28-%

2
© l{% = [l pgl (2)(2.45-2.4+2) 5 pea® 2.4¢-L =W
[urp]l (624-8 -A)

_\1‘ _ =
L"ﬂ : 2041 :QAK n(ge-2)t (33 x04) = 2~13x0 ¢ B{‘*_} ~£Fb‘f‘lj
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Buffers [14.6]

Def: Whk xco (o WHtcad)

*A’
29 : AcH 4 A~ / M CSNH')
Prow b waks : R KA 4 oy = A~ « at

' G Cy, F

¢ _=%

X

A X
€ (G- ) (G#x) x

K KRG MW - pney o e, ek g
(C,‘-K) C\>7’K Co_. Cb %ullu’

l‘lﬂ.w"«& g D‘l’b'_] = C, K_l,
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(EX) Calc pH of Buffer Soln of WA /‘L‘/A¢t A 5 | i
Calc pH bf a solution that is 0.10 M in HAc and 0.20 M in NaAc? (Ka,HAc = 1.8E-5)

— Swa -~ fe— e WJ{-/

at
£ RAe == A + [They Ko = X (020a4x) - Lpe-s &C&
| o0 b0 # (0.10 -~ x)
& =¥ 4% +K e e &ﬂ/
CaYwole | owylle-y = 0003 v C—b
< (0.1'0-><) (02 ) x v
EHﬁ= A0 C-6 K, = 020X B
i
% lowasi\e~ ZQ}HJ/ Cq,)’“m
- (‘t.ot-é/a.u)) X (0D
| 0,010 puzd
S ot T

OV 4-iw- 00,000 = |-in- (0,000
Assaotuns = VsS o
Cele 0] Love-s
H‘f M <
I— l Co a.1|

[ﬂ"‘]: .05~C -—=— f“ = 5065




Hendersen-Hasselbalch Equation

HA = A~ + 4t

KL - EA-JE*\""l o [H-el = Ka CH’*:&

ChA €Al
C
—lvgm"] T - [09 K,\ - I%E‘T‘g
_ £ 1, EATD a4l
Fl‘\ = PKQ. lojm < r’“ = fk&“ l'ﬁ A
ok Mo dpnds
CA1-Cual l!ﬁi“”f Q{Aj ~ Kgi
—
(A= Ka
[A7]

pH = pK, + log

[HA]

Ccad=Cep ]

i \Iasviawn b‘etl‘\‘*_l = gi

b



(EX) ¢ Calc pH of a solution that is created by adding 100 mL of 0.20 M i
(Ka,HAc = 1.8E—5)

cwhﬂ& (00 L a-v_omla;s
Wh /o b""W"‘ . [A_] Ca“'«‘E\ LIN
u = + 4= H =pK, -+ lO
< \
pK, = —log(1.8E — 5) = 4.74
WO ~ Calle  Gouie) 1855 0.10(400/500)
- — H=474+1
G 7 fomyae P 4995 20(100/500)
 eo g 0.10(400)
H=474+ log———’
%0 P 1095 20(100)
- Ltars - 40.
- —_
ﬁ’{*.l = 9.9 E—b pH 474+ log 20. d'\'._ci'lcf_
p¥ %05 pH = 4.74 + log 2

O~
s
pH = 5.04



Full Acid Titration

(pure weak acid — buffer = salt = stg base)

The Players:

Tilvax]l = 0.100n  UaOH
lilravd = p. 100 M HA
'S/‘-uwl—n.j vol 4= = (00wl
. K,_Ul,k) = | Y 4g-9

o \ac r @
&

|. Before any base added

HA’L — Ac™ 4 H’+

\L C&-.-_o_w',?\}o MQT. D.DO\?

WD = fake =/ Ee(33-5) = U342-3 o pH=257

D
paoH s (A
Conu
N i
o v
/I:, s Az
P




Il. 75 mL strong base added

mok = M- L R Ho~ + HA =  AZ + Hoy
mwad = M-l L 2s  wo P
L C -2y -ZS x 75
k= (0,100 ) (1Dl )= {0.07 ¢ 4 s 2.5
mad HO= (0-!%#\\(}5»&)1 =33 \L
Bl S50
W= 5.22 Wl = Qb 2.5 | 18es _
F T = boed

mmol =M - mL

1L M —  mol
M.~ ) L
bw\ mol = M-L
- \.’l.d//—-‘

L. mmol = M- -mL




[ll. 95 mL base added

Approach 1: Add 95 mL base to original pure acid sample (“starting over”)

nnl  dhe = @ 1000) 0l Ho 4 HA = AcC + 4,0
= 0.0 s o
ik T = (o.lovﬁo(‘m&\ -5 -1.5 +9.¢$
- 15 F 4 0.5 135
BuFr €
L[“"‘l‘ Clbe | 05 |Wgs . VGO T — >
Cb 15 |

Approach 2: Add 20 mL of base to previous buffer solution (“continuation”)

ek Hdp 2 A5 el h + ke = A + o
(8. praee <OWILT 2.0 2.5 5
mick o™= (0.100m) (2D.L ) ~2.0 -2 428
= 2.0 pud '3 2.5 5

[et wtlod b @GS




IV. At Equivalence Point
Hom ~+ HA~ — 4< » AHH

0.0 0.0 Sk & ss/uh s Nahe
-10.0 ~-1.0 +(0.0 j

) 4 y4 10,0

K / Coame € S.Ju‘

Rowodk + A E—g KA + Ho™ []ﬁ"(-..\:h««i= ‘D-O}vhk‘
\ 0.050 y g v 2000wl
< e hala nltal [oo L W + 10DaL, fyott
1 (D.OSO-K) X x : 200uL ML WL

LJﬂ-aJt\ base Sy)k.,‘_“L
LHO'l = /C‘b Kb

-
= &|_Ku - / 0.050 | A€—A _ 5. 2FE~b = [Ho‘] /UA A{—
v T = | |fv*,%' &W,&

o = 5.28 + 7
lanmedlee 1 sk 40 0T " M ML

G Sous eV b >F . eH = §.72




V. Excess base after equivalence point ... 110 mL base added

R MW + K = AZ 4 HoH
\ (.0 .o Y3
¢ —wo ~-10,0 +]0.0
T 10 4 0.0
R sp R_wp
\L"‘DLW{' wede s /
y | = = 1,0 ML
L= c, = = 4343
(1oL + 160uL)
VI. Summary
mL base pH B
0 2.87 il
75 5.22
95 6.02
100 8.72
110 11.62 A prs feo

pH = pK, + log [AA]} Krl_\‘
Ob

@MIDPOINT \,\9"‘ )
[A-] = [HA]

so, [A-] /[HA] =1

so,Log1=0

therefore, @midpoint: pH = pKa



Buffer vs. Unbufferd Systems: lllustrated

UNbuffered
& A Ac g A'z_’ + -H+
\ 0.6 & £
C -~ X X X
&  d.10D-X X X

[#1: VGKe = (010)(132-5)

-

2 |3¢{-3 — FH: 2.8F

\l/+ 0.010 mud MaDH
2 Hoo 4 WA = A 4y,0
( o0.010 .00 &
¢ —v.0l0 —0.0lD +0.610
{ 4 0. 040 0.0l10
J/ Oule~ C/{/cb
hhe = Ao~ + &7
0.690 p.olb &
T s Cakee oot | 1365~
, T

= b -4 > ‘aH.:j.}q

Alnkud ) = 3 29~ 2.7
Az 40901 WhGed

Buffered
NAc = A+ H+
0.(00 0.l F
—~ ¥ + % 4+ X
D.100-X 0.10D+ X X

(Al Gl | o000 | 1.35-5

Cb 0.100

2 135€-5 — pH-474

\%
W+ Wk = A + B0
-0.0l0 O.lp0  2.l60
—001p -0.00 ¥0.0L0
g ©0.020 0.(D
l&@w cA/cp

hde = A= + &

0.090 o.(1D 3

[Al- Gl oo | 13e5
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Exam Practice Problems

(EX) gWhat is the pH ¢of a 0.20 M ammonium nitrate solution? ,(Ka,NH4+ =5.6E-10)

Gos=

pyt = pdy + el
r/

o

@




(EX) ¢ What is the pH of a 0.20 M ammonium nitrate solution? (Ka,NH4+ = 5.6E-10)

Pl wo,

S %
° Redues 42 o W+ wils Halb 3 ™

P, — ,Ul4,3+H" [etl = JC e
= /(02X & (10

Lle-5 m

Vv




i
(EX) (-Jthf household amnienia is+1.50. What is thé Molarity?’ (Kb,NH3 = 1.8E-5)

. (H-_ ——loth'r‘l—' ”.3’9 m,Q % @ No \BL
) —_— 5
pr+ poR - 1 L ¥ %
Cy v~
dhy 5 tha qhw'«—l.l.
Qs Cowld e laser~
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(EX) ¢the pH of household ammonia is 11.50. What is the Molarity? (Kb,NH3 = 1.8E-5)
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(EX) w. 0.10 M sulfuric acid solution? (Look ugKa's)
—_——
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(EX) ¢ Calc the pH of 0.10 M sulfuric acid solution? (Look up Ka’s)
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(EX) Calc pH of a solution of 0.15 M HF and 0.20 M KF? (Ka,HF = 7.2E-4)

Cﬂ.:lc’b €. _ D—l’tl = GkKa - O-\S‘l F21i-4
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(EX) ¢ Calc the pH of a solution that is 0.20 M NH3(aq) and 0.10 M NH4CI? (Kb,NH3 = 1.8E-5)
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(EX) ¢ Calc pH of 0.010 M solution of ethanol (pKa,ethanol = 15.9)
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(EX) 4How many grams of NH4Cl\nust be added to 500 mL ¢ ® produce a buffer of pH = 9.15?
(Kb, =T1.8E-5)
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(EX) ¢ What is the pH of a 1-liter solution prepared from 0.115 mol NaNO2 ang/0.070 mol HCI, followed by a
2-fold dilution in water?
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(EX) ¢ Calc hydroxide ion concentration of a}0.0105 M HCIO3{solution?

(M= Co = 0.0108 C T Ht—, Ho™
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(EX) Calc pH of a 0.12 M solution of NaOCI? ) Na
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(EX) Calc hydrolysis constant for the hydrated cation 0.10 M Cu(NO3)2 at pH = 4.50?
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