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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!

RN L _
H[B\-F \/\zoj \’\50 'k/:\

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

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

For a WEAK BASE, equiiliorium does not lie far fo the right. The ionization equilibrium

of the base itself is important!
VAN

% 4 Hloﬁ %H*‘ + OH" Values for Ko and Kb can

often be found in
data books / tables / or on

K ] [BH+3E0H’] the web.
b

base 1 l \%1 In OpenStax, These |
iOhiZOTiOh—__J constants are in Appendix H

A ix [l
constant and Appendix




121 WEAK ELECTROLYTES

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

- 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 HCyHy 0; Fewer molecules of the weak acid ionize,
At v \/ g so the concnetration of
R _ ) hydrogen/hydronium ion is lower, meaning
R H* (4307 | o higher pH!
H C | H C'L Hl 04

S}‘I‘umq 0‘6,(} UC&,‘( 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!



122

Consider a 0.100M solution of nitrous acid, a WEAK ACID {4 D+ )
. 4 -
HND o« R0 = Rop™ % MOy / See
[ - OHg0 '[']i?\JOfL‘l Ll AppendixH
o 4,015

in OpenStax

| [H /VU'L? for Ka values

What is the pH of the solution?

We will assume that all hydronium ion in solution comes from the acid (nitfrous acid).
While nifrous acid is a weak acid, it's FAR stonger than water itselfl Set up an
equilibrium chart.

5p€(’|‘eg [_1V\\|—.\U\|} A CequlllOflU/V\j
Let "X" equal the
Hag™ ® + X X change in
20 nydronium ion
_ * concentration,
N0, 0 +h
H Vo1 0100 |~*| om0 T

Now, plug in to the equilibrium expression (Ka):

(%) (x) N e
(OO = %)

\/\2 :L“|/(>$/O’

O,100 —%

i
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\/?‘ - Y b%/0 -« This is a quadratic, We can solve it with the quadratic
S oo —v equation: ] ;
’ oxtthox+C =
Assume X" is very small,
X << 0.100 b _btm
o100 ~% > 0-190 La
7\_/ WHEN can we know that "x" is small enough fo
b Y, b - | ignore in the subtraction:
100 - b+ 10 1) Acid/base equilibria, a few solubility calculations
O .G 2) 'x" is defined as representing products.
Nt o= Db o 3) The Ka or Kb is 1000 times (or more ... more is
1 petter!) SMALLER than the initial concetration
N 0.0067%1h of acid or base!

C")30+ U 20,0067 1133 n
? H :\rL,r}—/

Using this simplifying assumption, solving for "x" became really easy. But would we
get the same thing using the quadratic eqation?

Calculating the pH using the quadratic equation to solve for "x" gave a pH of 2.18,
a difference of 1 in the last significant figure and below the margin of error for a
typical routine pH measurement,
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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 stfrong acid like

nitric acid: O \0m H M)& , Whak L (3 H?
HN03+/‘|20"7 H30++A/03
EH7>0+] - EHN()%]ham{mal = O.l1o0 W

pH= 1,00

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:
o~ V- ~ 8 See Appendix | in OpenStax for Kb values

MHq + Hoo == NHT + o4~

WA 27
What is the pH?
Set up an equilbrium chart to reduce the number of variables in the Kb expression!

Species | LIntnl D | O|EEyiibriom]

Let X" equal the

OH" O + X A change in hydroxide
lon concentration.

NHGT O +X X
N Ha O.loo |—X O.lod— %
KL, - CVHyt Con =T : o [x) gy 107 S
LWVA,) (0100
** c

- |.¥x/0"

O.,ldd ¥
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O.,1dd —%
ASsume Y LLC O.Ioo/
¢o 0.l00-*7X 0,100

=) |,°6‘I~/O,g

\&
*1
O.100
3¢ = PR
= o,ool}"l\gqbg"EOH/]
(O.00173%Y Lueg) = 1.%7 PDH:_)OS'O

PH_\PGH P IM,OD

S

= g% v

Loy]
SUJ \PO/H - /lofjlo

— L

oV = Jo -21.%) :\ ). I’SJ

If we solve the problem using the quadratic equation fo determine "x', we'll get
a pH of 11.13, no different than the answer from the simplification.
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Compare pH to the pH of an 0.100 M solution of the strong base NaOH:
o) IR
P ok

NooH — NaT+0H™
CoH= Y= CNaOH Jominal = 0-100M
PoH=\ob
pH=13,00

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
lbase concentration)



