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For a WEAK ACID, equilibrium does not lie far to the right. The ionization equilibrium
of the acid iTS}h‘_i\sirmoor’ronT!
L —
AN +
HA + H, 0= M0 ¥ A

L Ho0™) {\Q“] | Again, water's concentration will
Ko\ — 5 — not change significantly, so it is

_ CHA] folded into the ionization constant
acid . -
jonization— \
constant (HA) = concentration of undissociated acid

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

of the base ifself is important!
VAN

% 4 HLD i %H‘\" + OH ™ Values for Ka and Kb can

often be found in
data books / tables / or on

kb - L BH+3 Y_OH,] the web.
1

base LRI In Ebbing, this data is in the
ionization OppendICGS, on pdages
A-13 and A-14

constant



133 WEAK ELECTROLYTES

- 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 ) S
HY O\ HCo Uy 07 Fewer molecules of the weak acid ionize,
At o \/‘g so the concnetration of
e . hydrogen/hydronium ion is lower, meaning
H H™ GH307 [ o higher pH!
H C | - H C'L H} 02
S Frum(l e rd wenk o id

- The pH of a solution of weak base will be LOWER than the pH of a strong base solutfion with
the same nominal concentration!
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Consider a 0.100M solution of the WEAK ACID HN D+
— -+ -
HNO, s H O < H 0™ ¥ NOy
values for Ka

}‘< B EHQ,U*][NOL“] _ S l \O‘L’\ — are determined
~ - J VN

experimentally
LHND) . .
(We look this number up in a table
What is the pH of the solution? of acid ionization constants)

+
To find the pH, we need to determine the concentration of hydronium[,"\sD ]

... SO we need 1o solve the equiiliorium expression. But we don't know all of the
concentrations AT EQUILIBRIUM to do so!

but they ARE related! We assume the amount of hydronium from the water

is small enough to ignore
SPECIES INITIAL QONC CHANGE EQUILIBRIUM CONC
- /
[Ho?) | O R X
(Noy ) | O + K X
WELLEW O \00 | —X O, 100 = %

\

... this is similar to the problems from the equilibrium chapter!



oy eIl
G 1v(D _ THno,

) O

-y
S5, Llo " ((Ont00 -x)

y o= 3o
Sl - \ @uo{?ro’ric equation!
O,\,DO“)Q- oY _\.\0)(‘ ~C = O
L TNyt -
X - Lo
\/
Assume that x << 0.100<——\, Y
2 What's this?
S I (p~ H© - X‘ For situations where the amount
AN e
—_ of dissociated acid or base is
O ,loo much, much smaller than the
9 original amount, it's safe to assume
XN = S | «lO~ S that the amount of undissociated
3 C 1—1 acid remains relafively constant.
N R TR UL
- In this case, 0.100 - x is essentially
. (L the same thing as 0.100 .
p UL IS

... if we'd used the quadratic equation, our answer would have been pH =216
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6
Compare:

- Weak acid HNO,_: pH of 0.10 M solution = 2.15

- Strong acid: pH of 0.10 M solution = 1.00

The stronger the acid, the lower the pH of a solution of given concentration will be!



1w Consider an 0.100 M solution of the weak base ammonia:

NH, ; Ky=/.7Sx107°

What is the pH?

NHa (ag )+ Hy0(0) == NHy Cog) + OH Cag)
T - —
o= D Jlor] ) 964107

CVH,

What term in this expression do we actually need to find? We need the
HYDROXIDE concentration. It's easily related to HYDRONIUM, which is what
we need to know to find the pH!

SPECIES (INITIAL) (CHANGE) | (EQUILIBRIUM)
N HL.|+ O ‘+ \A X
oH~ O + X X
N ¥ 0,100 | — % 0100 =%
Plug into the equilibrium expression: kS | U_ S _ (¥ }(X)

0.100 ~ ¥

-

7.

. L

O .dvd =X



138 2. ~ | This is o QUADRATIC EQUATION. But, we expect that
| -5 _ X the value of X' will be much smaller than 0.100. (Look
L,15xI0 = at the equilibrium constant value!) So, we can simplify
Oedvd-%X ' '
__| this problem.

J KELL 0,00 SO o, 00 -% L OO0
/

2.
| /—7g\<{o_g = X
Q100

0.0013174157 = %= LOH™_] HYDROXIDE ion concentration

—koﬁw(o.oomn@sﬂ L. %% = QOH

pH pOH =14,00 S
PH <~ 1Y,00-1.%5% = VAL \

X If you had used the quadratic equation
to solve for X' in this problem, you would
have calculatedapHof 11.12 - no
difference from the shortcut (at least,
fo two significant figures)
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Compare pH to the pH of an 0.100 M solution of the strong base NaOH:
PM’NHg ~ L
NoOH—> N T+ on
Loy 12 0,100
porz 1.00
(QH.g pou = \Y.,00
, P> 12,00

The higher the Ka or Kb value, the stronger the acid or base!
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Find the pH and the degree of ionization for an 0.10 M solution of formic acid: H C H 0 2.

H 0L )+ HOUN < M0 tug) + CHOZ Lig)

|~< o = { Hy ot J E CH (),L"l -1y Constant's value af 25 C
= | ,7 p, 10 obtained from chart in
Cueno,l textbook, page A-13
SPECIES (INITIAL) (CHANGE) | (EQUILIBRIUM)
Hg of O + X X
(W02 O + X X,
RCHO 2 O, \0 — K O.10 =%
a0 (0
1.7+ 10 = (%) [ %
O.1o ~%
2
- L
[, N10 = x

0.0 -~



2
L
| - % Assume X' is much less than 0.10

0.0~

[.)~10

(a
| ,740” 7 =X

0.0
X—_'o,oo‘fillfswgé'?-[f’is()*l
oH= ~log, (0.0041 1810 )32 3% = pH |

Degree of ionization? DEGREE OF IONIZATION is the fraction of a weak electrolyte (acid or
base) that dissociates in water.

Yol Ay gt <
CCroq ] T vyt _0.004113 1 é: ot DO

C U CHoq ) CHo, ) ©'°

Sometimes, we express degree of ionization as a percent ... PERCENT IONIZATION

)

% - DOIXWO% - O-OL‘\\\&|U()% 1\"|‘|% |.UV\-11’€U]

... SO about 96% of this acid
exists in solution as undissociated
formic acid molecules.

(WEAK acids exist in solution mostly
as undissociated molecules!)



