16.3 Acid and Base Strength
Acid and Base Hydrolysis Equilibria, Ka, and Kb

Weak Acios:
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16.3 Acid and Base Strength

Acid and Base Hydrolysis Equilibria, Ka, and Kb

Ka VYalues Ka VYalues
Mame of Acid Acid K, Mame of Acid Acid K,
Sulfuric acid HoSO4 large Hexaaquaaluminurm ion A1{H2O)g%* 79 x 1070
Hudrochloric acid HC1 large Carbonic acid HaCOy 4.2 x 1077
Nitric acid HNO 2 large Hudrogen sulfide HoS 1x10°7
Hydronium ion HaO+ 1.0 Dihydrogen phosphate ion HaPO4~ 6.2 x 1078
Hudrogen sulfate ion HSO 4~ 1.2x10°2 Hypochlorous acid HC1O 35 x10°%
Phosphoric acid HaPO4 7?5 x 102 Arnrnoniurm ion MH4* 5.6 x 10-10
Hexaaquairon(Il) i Fe(Ho,O)g3* 6.3 x10°2 Hydrocyanic acid HCH 4.0 x 10-10
Hudrofluoric acid HF 74 x10°4 Hexaaquairon{ll} ion Fe{H,O)sZ* 32x10°10
Formic acid HCOsH 1.8 x10~4 Hudrogen carbonate ion  HCOgz~ 4.6 % 101
Benzoic acid CgHsCOsH 5.3 x 109 Hydrogen phosphate ion HPO 42 3.6 x 10712
Acetic acid CHzCO5H 1.8 x10°5 Water Ha O 1.0x1074
Hudrogen sulfide ion HS™ 1x10"19

Jhe Vaaam the o, the strongen the acd.




16.3 Acid and Base Strength
Relationship Between Ka and Kb — Conjugate Acid-Base Pair

Acio : HA Lontucnte Dase © A
| -u I
HAfg) + Wa0iny &  H0* + A’ K = Ko
* A * Ha0() &> HAwg) v OW W+ Wy
Ha0t0 + a0y <=~ Hi0* 4+ OW” K = Keho

> Hu

KoWe = Ku for a Tensecale acd - Gose paww,

¥ Qm osmon acting 0s o Dase ?
Ne miff addnress Yais im tore deYail shortly,



16.4 Estimating the pH of Acid and Base Solutions
Strong Acid and Strong Base Solutions

What is the pH of an aqueous solution of 1.15x10-2 M hydrobromic acid?

Hor  #HH0M) = 150 o B¢
LI 8 L T2 T o A o) o
Ci - 1exw0® sk 115 ¥ 1072
E: o ere? 115 % 1072

HBr 5\‘Rcm3 acyd ... \00%

I: dmted comceontrobons
L Lhamvc_se wn contemirodiens
£:  2qu¥ilawn concemtpolions

fWa0'l - U;\ Y102 2y
H = - (1.1 x\0°
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16.4

Estimating the pH of Acid and Base Solutions
Strong Acid and Strong Base Solutions
What is the pH of an aqueous solution of a)5 d)8 &=
1.0x10-° M sodium hydroxide? pH=?.0 b)6 e)9 -
c)7 =
_____________ NoOH i+ Hzedy = N+ on
I 101073 o i o)
Gl -loxywS i 1.0x)073 1.0¥1073
E O 1,0X 10"S 1.0Y 1073

NoOH : Stawng Qase — 100%

LoH"]
PDH

1 0%107°
= 9%\0 (\OX \0"5)
9

ph + pOM = W @ 25°C
= Iy
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16.4 Estimating the pH of Acid and Base Solutions

pH of a Weak Acid — Quadratic Equation

Calculate the pH of a 0.372 M aqueous solution of hypochlorous acid
(HCIO, Ka = 3.5x108).

. Hoo  HHomi= o' @0 4
I 0.312% | o i (o)
Ci ex i X X |
E Q0.312-X | X X
[ -
Ko = [H,0']{wo" )

{HdO)

a- 1
K = =3 *t J& woc } & = 3.58x0°8
2a

c :-1.302,%0"°
35008 - Q0L

X = byt ' -L.\ixyot
(0.372 -X) L 'Dismaoaé as tis sdutien
HoRes No chemitd) cense !
3.51108 (0.212-1) = X*?
X = Ligix10™" = [Ha0")
%x* + 35003 -1302110°% - 0

pH = - Jog,o (Lini0™) = 3.9

Nfife this nethed 15 the mosY accuncle soving o
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16.4 Estimating the pH of Acid and Base Solutions
pH of a Weak Acid — Approx Method

(HCIO, Ka = 3.5x10-3).

Calculate the pH of a 0.372 M aqueous solution of hypochlorous acid

______________ HOO. P HOM = w0t oo
! 0.312 | 5 o i o |
c.____. X F X x |
Ei 031-x | x i X

4 (HA]; > 100MKo themn :- [HA) -x % (HAD:

0.312 7 100(35110°8)
fhen O.312-X =~ 0312

K - t.“‘}o* ] [WD' ]_
°- {neo)

. X

-8
X =
3.5%0 0NN A

x = J0312(3.5%10°8)
< Liuyx10°% = (Ha0*)

pH 'Yoa‘,(lkmx\o"‘) - 39y

A2 = 0.312(3.5710°8)

0fter you hove dome some of these you ¥ wobice :-
Ihal 05 Sng as  [HA). > 100 Ko

[ X + JIHRY, Ko ]




16.4 Estimating the pH of Acid and Base Solutions
pH of a Weak Base - Approx Method

Calculate the pH of a 0.372 M aqueous solution of a)5 d)8 s
isoquinoline (CyH,N, Kb = 2.5x109) pH=7?.0 b)6 @9 2y
c)7 =
___________ Gan HHOM = G # ow
! 0.31% o) o
o S S S R X X
E __o¥n2%-x i ) S . S
0.312 > 100(2.5%10"9) X = Jo.nr(25%0?)
thus  0.312-X % 0.31% : 3.05Y10°% = (ow]
_ [CaMsNn*1{ow") OM = -foa,(303%10°) = 4.5%
Kg = (CaHaN] F 9
a_ XX pH + pOM = 14 @ 25°C
A5%10 031% PH = 14 -4 8%
= 949
x* = 0312(257109)




16.5 Acid-Base Properties of Salts
Hydrolysis — Neutral Cations and Anions

Hydrolysis

: See (Foss Nls Qe Neutrar_{anions
Cation Anion e 6 coyions assotiofed amth
® Na* = CI “\5 S¥X s\’Rema Q)QSQS:
O ONH,* o F- |§ . :\:DHH
“ CgHsNHT o CN‘- “0" KGOOH
© NO. Ca?? Ca(OW),
oo Bo*’ Bo (0H),
Se ! St (on)a
Concentration Nen weulrad cohions one o
[<1] [+] poYentiad acok acuds..ie NHy
0.01 M

L — Neutrar Anong

Salt: NacCl The 6 amions associcted with
the swx s¥gong atids.
pH = 7.00 o HO
B HBr
I HI
NO3 HNOs
50"1- HflsOq
CQ0y HQOy
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