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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!

N

E H'2>0+] ‘:V,\“) N Again, water's concentration will

K — — not change significantly, so it is
R CHA] folded into the ionization constant
acid \ - =
lonization—
constant \ (HA) = concentration of undissociated acid

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

of the base ifself is important!
(AumN

% 4 HLO:? BH* + OH~ Values for Ka and Kb can

often be found in
data books / tables / or on

K - [BH+]EOH/] the web.
9

base T LR n Eobing, fnis dofals n ihe
jonization iﬂ%egncleAeSi jn pages
constant ) -




WEAK ELECTROLYTES

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

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

<
HY (L

SRR
R* CI~

H(|

S }‘I'U’\lq ¢ ,-‘]

YRS

N\

HY (4307

H(,L H.qu_

weak ot

Fewer molecules of the weak acid ionize,
so the concnetration of
hydrogen/hydronium ion is lower, meaning
a higher pH!

- 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.))

HNO, % KO = H,O * Nog
values for Ka
}‘< _ tHgo*]ENOL'] _ S l \O‘q — are determined
o~ - J UK

E\’\ ND ] experimentally
L (We look this number up in a table

What is the pH of the solution? of acid ionizatfion constants)

&
To find the pH, we need to determine the concenfration of hydronium,EHsD ]

... SO we need to solve the equilibrium 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
- /
(A0t | O 4+ X A

(o) | O + K X

C\”W"L‘l QO ,\00 | — X O,l00— X

)

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



161

~ L ¥ -
S . 1 \&IO ‘ = E H-3 o 1 [‘ MOL ] The assumption that x is small relative

to the original concentration is usually
E H Nol} OK if Ka or Kb is atf least 1000 times
smaller than the acid or base concentration

S xto” 1= (e (W)
(0.100-%)
> 2, . .
Sy mE < Quadratic equation:
0106 ~X ax t hy (>0
Y2 =bi Afp2-Hac
Vo
IF x is small relative to 0.1, then 0.1-x
approximately equals 0.1 ,—\
O.lov - % O1to0 What's this?
NV For situations where the amount of
S | ¥|UJ1 ~ & dissociafed acid or base is much
‘ ———

smaller than the original amount,
it's safe to assume that the concentration
S| \“0_5 % = of acid or base remains essentially

4 constant at the original amount.
T =R EH?’O*]

Q ,lvo

So pH =\2.1S | ¥

Solving the quadratic gives a pH of 2.16, which
differs by 1 in the last significant figure.
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2
Compare:

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

Let's compare the pH of the weak nitrous acid with the pH of a stopn acid like
nitric acid: O 10 m W M)& , Whab ic (‘) H?
|-U\/03 < Hoo —> Hgo'f ~ NOog
O.Jom HMy EHg,OfJ Z 0410
p H<- .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
to the nominal acid concentration)



'* Consider an 0.100 M solution of the weak base ammonia:

- = ~S o Fh
NH&J Kb-[.%xlD ((JA"\H} é\ojalno /,')
What is the pH?

/\/[’{:)JJc He O ? /\/Hbﬁ‘f OH ™

l. - +t -
Ko = L iHy," ] Lo47] ~ 1. gy )0~ |We need tosolve this, but which
[ WA 2 il term are we most inferested in?

We want to solve for hydroxide concentation, since it's closely related (and can be
easily converted) to pH.

S pecies [Im{‘fa |] AN {6gulibron
MH, T O + X X

OH~ O +X X

NH4 O. oo ~ X 0.190 ~X

Plug in fo the equiilibrium expression:

LGy Ip™s = () (%) A
(0.t60-%)  O.100~x

2,

-
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2,
A This is a QUADRATIC equation, but like the acid example,

"S T —_—
l r(é‘i 1D O .100~X x is small compared to 0.100.

O.100 -~ % 7 O:lop

\</
2.
-5
| . Sxio "= A
O AJ0
2 This is HYDROXIDE concentration, not

N ') ‘ool'_’>"1 lbHo& = EOH‘] QYDRONIUI\/I. Be careful here!
PDH - nlogm(o 00134 lé;wa()“— 2.%7
‘DH: |L'lf°0_1g7

X, ¥ If you had solved this by the quadratic
FH IR \ equation, you would have obtained

apHof 11.13. (No difference to
two significant figures!)
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Compare pH to the pH of an 0.100 M solution of the strong base NaOH:
o -~ V11D
P TNHy i
Waor —> Mt < OH
Sc)l 0. M Moo has Coy~ 3 2,00

pOH = ~log, (.108) = 1.00
PHz IH,00 - l.00 = t%.oé\

The stronger the base:

- the higher the pH will be for a solution of given concentration
- the higher the HYDROXIDE concentration (compared to the nominal
lbas concentration)



