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For a WEAK ACID, equilibrium does not lie far to the right. The ionization equilibrium
of the acid itself is important!

)+ Ha0 2 HOTFAT

t W O*‘] EV,\“] B Again, water's concentrafion will
— 5 — not change significantly, so it is

Ko

CHAD folded into the ionizafion constant
acid - -
jonization— \
constant (HA) = concentration of undissociated acid

For a WEAK BASE, equiilibrium does not lie far to the right. The ionization equilibbrium

of the base itself is important!
VAN

% 4 H’LD;”% BH* + OH" Values for Ka and Kb can

often be found in
data books / tables / or on

K - [BH*]EOH’] the web.
(3

base e LRI In Ebbing, this data is in the

‘onization appendices, on pages
A-13 and A-14

constant
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- In solutions of weak acids or bases, the UNDISSOCIATED form is present in significantly
high concenftration,

- The pH of a solution of weak acid will be HIGHER than the pH of a strong acid solution with
the same nominal concentration!

N ] <
HY (L (o Hy 0; Fewer molecules of the weak acid ionize,
At v \/ g so the concnetration of
. . ydrogen/hydronium ion is lower, meaning
H H™ (4307 | o higher pH!
H C’ | H C'L Hl 04

S}‘I‘umq ACIJ HC&,‘( ﬂ\(,ld

- The pH of a solution of weak base will be LOWER than the pH of a strong base solution with
the same nominal concentration!
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Consider a 0.100M solution of nitrous acid, a WEAK ACID (HN D.Q
N Ao = N - Found on page
H D 9. T A O — H rso £ N 07_ 9

A-14 in Ebbing
0T 0q-
Ka\ o CHSO ]i?\j i 1 - L_I‘ g\{\ {D‘_L{ K values are

Z 10th edition. These
determined

LA experimentally like other

equlibrium constants.

What is the pH of the solution?
Set up a chart and solve an equilibrium problem, since this time we CANNOT ignore the
equilibrium of the acid - not all nitrous acid molecules make hydronium!

Speces | Lenthal J| A |Ceqihertm Let "x" equal the increase in
o' | O [+ X X concentraton.
No, | O + X X

HNO4 | O.oo | — X 0.100 —¥%

Plug equilibrium values info Ka expression...

(0. 100-X)




143

CX)(X) - Y, S X/D\'L/ This is a quadratfic, We can solve it with the quadratic

equation:
(O,WU—X) oxt+hr+c =D

& sy 18 e T

O.\bb—K La

Assume X << 0.100, so <~

0.100 x =.100 When is is safe to assume the value of "x" is small relative to
the initial concentration? When the equilibrium constant
7\1 _L1 is af least 1000x smaller than the initial concentration is.
—Y,.SwI0 If that's not true, you should solve the quadratic!
O.\p0

~S
L .

N = 0,006706203% =LHy 0+l

P H ~ Lol (Solving the quadratic gives a pH of 2.19)
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Compare:;

- Weak acid HNO,_: pH of 0.10 M solution = 2.17

Let's compare the pH of the weak nitrous acid with the pH of a strong acid like
e e O.40m Hwor , What \< & H .’
HO g * 0 = Hq0™ v VOg~
0,10 M rao y ):H.SO’(] -0,lo M

P

00

The stfronger the acid:

- the lower the pH of a solution of given concentration will be
- the higher the concentration of hydronium ion (when compared
tfo the nominal acid concentration)



“ Consider an 0.100 M solution of the weak base ammonia:

NH, 5 Kozl 6107 (o A= 14, Ebbing 72

What is the pH? ' ~ _ f AHH) CoH“j§ _<
. +0H b 4 = |»BxI0

/\/H3‘|“ R0 NH” /\}ng

Species | Lxnhal 3 | A |Lquil brivm

!_e’r X" eqycl the

N, O +X X armrmonium on
OH- D 1y Y concentration.
N Hz O.\oD —X O ¢ 100 —K

To get pH, we need to first find the concentration of HYDROXIDE (it's directly relatable to

hydronium and pH...)

(X)O&j = \.&xlo™

(0.100-x)

\(/L :\4 %—X|D~

R —
0.l =X

Assume x << 0.100, so
0.100-x = 0.100

S

S

2 —
X‘ :I«SXlD S
O« \DD

v =0.00\341bHvg =CoH™]

=L.%)
____E(_)i—_/-l'ﬁg/— (JOH :—-\03(_0”—]
\ PH= PH_\_PJH:|MpJD

(Solving this with the quadratic equation gives a pH
of 11.13)
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Compare pH to the pH of an 0.100 M solution of the strong base NaOH:
o) IR
P ok

Mook — Na? <04~
So, 0.0 m NeoH Cou~ 3= 0.100
(DOH 2. —|Uth[U;Iu03 ‘L\ 1,00
FH‘- W, 00-l,06 = |’S,Ob\

N

The stronger the base:

- the higher the pH will be for a solution of given concentratfion
- the higher the HYDROXIDE concentration (compared to the nominal
lbbase concentration)
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Find the pH and the degree of ionization for an 0.10 M solution of formic acid: H C H O 2.

H(HOZ-I- HZO? HBOT‘I‘ CHOZ\ Kq:['_)30+3 [(,HO{]: | 7X|0__L|\L‘Ko from page

A-13 in E&G
Start off by calculating p}H el C I—JSC HO2 ] Tebe'onm
Trtia A gu!'le rivim
S\OZC\CS J: Let "X" equal the increase in
H{i, ()+ O —\—X X hydronium ion concentration...
(.H 07_,’ O ‘\"X K
HRo O.10 — O\ —¥
<4 = 0S¢ = CHy 0T
OO 5 | %= 00004R3105¢ = THY T
(6,0 —X) e
X2 - pH= "=
0. ID—X
Assume x <<0.10, so On the next page, we'll find
0.10-x = 0.10 the degree of
. ionization...
L :,\ 2 y, b’ |D_Li

0.10




