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For a WEAK ACID, equilibrium does not lie far to the right. The ionization equilibrium
of the acid i’rse/H‘_i\sirmoor’ron’r!
L —
= +
H A+ H,0 = M0 7 R

E W O+] {V,\“] h Again, water's concentration will
Ko\ — 5 — not change significantly, so it is

_ CHA] folded intfo the ionization constant
acid - -
jonization— \
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!
VAuRN

% 4 HLD:? %H* + OH ™ Values for Ka and Kb can

often be found in
data books / tables / or on

K - [BH-PJEOH/] the web.
o

base T LRI n Eobing, fhis dafa s n the
jonization ia%egnécAeSi Zm pages

constant



10 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!

N\ <

HY My Hy 0, Fewer molecules of the weak acid ionize,
LA VG M0 so the concnetration of

X _ LREE hydrogen/hydronium ion is lower, meaning
H* Cl H* GM307 | o higher pH!

H C’ | - H CL Hl 02

S H-"m(l e rd weak wed

- 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 nitrous acid, a WEAK ACID (Hl\l ng

HND_ €« 3,0 = Aapt % MO Found on page
72 o \%O L /A-141n Ebbing
K - (a0 I N0g A -y £ 10th edition. These
n - — H‘g\{\ [0 K values are
EH/VU ’3 determined
L experimentally like other
What is the pH of the solution? equlibrium constants.

To find pH, we need to defermine the concentration of hydronium ion at equilibrium, but
this time we can't assume all the acid ionizes. So we need to solve the equilibrium

expression for the hydronium ion concentration.

Species Ctabidy A [T tibrium )
Hab™ O X X
N0, 0 oy »
H Nz O_100 ¥ 000 K
IO L gy 0™ st monemvaioman

(O-iUU“‘F] Chapter 14.
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L
(\() (\43 _ L.{ g N [U I This is a quadratic, We can solve it with the quadratic
b 3

o ¥ equation:
(01 ) axtthby+c 0

'L —
* 7."|.S)<|DLf he ‘btm

O.lyo— N\ L

Ka is small, so there will be only a small amount of acid that ionizes. That means
X' (which represents the change in the molarity of the nifrous acid) should e
small relative to 0.1. IF X' is small relative to 0.1, then ...

—~ & 0.\00
P O,100 —%

When is it safe to assume x is small enough fo
drop from one of the terms? When the initial
N U acid or base concentration is about 1000x

- H.Sx10 larger than the value of Ka (Ka/(HA) >=1000)
O.lvo

-§
\f\l_.‘.. H‘.S\Xlu
{1 0.00620%2039 = THy* )

L

- | '7 (Solving the full quadratic equation
S0 pH = Lo gives a pH of 2.19)
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2
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 stopn acid like
nitric acid: O 1o m H M)j , Whal ¢ P H?
|-\M03 < Hoo —> ch)'f ~ NOz
O.l0m HMY [CHyo T ) 2000
P H< .00

The stronger the acid:

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



' Consider an 0.100 M solution of the weak base ammonia:
N = ~ S g #h
NH, 3 Ke=l. 6x1075 (o A~ 14, Ebbing 7% )

What is the pH?

My + H,0 = MHy* «0H"

) We need to solve this to fnd
|< o - E NHLT ] [O H ] _ < equiliorium concentations, but
f 2 ¥+ fo which one will give us pH?
E N H gj

We want 1o solve fot the HYDROXIDE concentration, since it's closely related to - and can be

easily converted to - pH.
Spe(iPS CIw’}"qu A feqwh[ﬂwmj
NP]L]"— O + X X
OH~ O +X X
N H3 0.100 — X 0. 19O - X

Y () AX\’%MD—S:J}/ \

0,100 ~ %
OI'IUO ""\F

—
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- S \f\’l— This is a QUADRATIC EQUATION, but we can simplify it

|O g — if X" is small compared to 0.100 ...
PR 0,100 ~F

) SRS (),\uufgo 0,lvo —% "~ 0,100

~ ¢ ° Be careful hjere! We have calculated
|, ¥~ 10 —~ X HYDROXIDE concentration, not
— HYDRONIUM ... so we can't just
Q.lo0 take the negative logarithm of
| Q{ g -k . this and say we're done!
4 O = 1\

4= 0.00134]bH0¢g ~ Lokl
00N = oy, (0001341540 > 2.%)

Suinie o4t 00K [L%OO/

’X (JH < l | . } 3 X—If you'd solved using the quadratic equation,

you would have gottenapH of 11.13 ... same
as we got here.
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Compare pH to the pH of an 0.100 M solution of the strong base NaOH:
! -~ V1D
P TNHy i
Maor —> Mt < O
Sc)l 0. M Moo has Coy~ 3 2,00

pOH = ~log, (.108) = 1.00
PHz |H,00 - l.00 = t%.ob\

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
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 0 2

(KO, +* Hp0 = U ~
H 2L L H?)O T C'HO'L Constant's value at 25C

K - CH SO+]i C HOL“_\SY \_/ came from Ebbing
. 2174001 | page A-13 (10th edition)
CHedo, |

Seefes CTIwmbral J EGc,mhbmumJ
Huyo™ O + X X
CHOy 0 +X X
HCHOq 0al0 —Y 0.10 =
(OO | 9,9 | fyegsume s ssmlcomereate
0.1 % RO
\(L _ \-7}(IU-‘L{ OO
0.1 -K N T 0004 123056
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N<T0.004 113056 = Cuyotd
SU\GH = 2.5¢ \
e

... But what is DEGREE OF IONIZATION? DEGREE OF IONIZATION is the fraction of a weak acid
or base that ionizes in water.

Cho, DR _0.004123(056
CHeroy Jumbic) CHUAO, Lini k) - o

Sometimes, we express this in terms of PERCENT IONIZATION because we're more comfortable
thinking about percents:

6/ = DO * o % :/Lf,l% toa1t ¢ ‘

0.04] =00t

When you do Experiment 16A. By Le Chateleir's Principle, adding water to the equilibrium
should force it to the right - meaning that more acid will ionize - even as the pH goes up!.
Therefore, the degree of (or percenjt) ionization should INCREASES as the concentration of
the acid DECREASES. Check this with your experiment 16A data on acetic acid.
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An aqueous solution of 0.25 M frimethylamine has a pH of 11.63. What's the experimental

value of Kb? ( (H3>3/\/

() ¥ +H0 < (W MHT v o™
}\/\0 N [(<H3)3m;“f} Cou | PP

C (W 13V ] o
How do we find Kb? First, let's set this up like a normal equilibrium calculation.

S (,e({eg EIlﬂl\'l"\\] /3 EC‘Q \;l ]l'éf’f'(/m)
( ()b O +% K
0u- O +X X
((Hy)3 M 0.2S — X 0.L§ - K
}\/ - (DY ()
0.LS %
q If we want to find the value of Kb, we

— A have to find some independent way

/
‘\ b 0. 1S - K of finding 'x'
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L We know the pH ... which gives us the HYDRONIUM ION
concentration. We can calculate the HYDROXIDE
concentration (and the value of x’) using the hydronium
concentration.

pH = 1163 pH L pon < 19.00

GJOH‘Cl\(}f}
Eou"’j e \O

Since 'x' = (OH-) (see the chart we made on the last page ...

XN 0.00426579512

-7 _ 5 bo42LSTYS2

Now all we have to do is fo plug X' back info the equilibrium expression...

‘/ _ X/L _ (o_ooL{MS')‘%’SlV'
N b 0.5 -k 0.2S-0.00U42657951L

\\/\0171L’)\([0“S




 SALTS

- Compounds that result from the reaction of an acid and a base.

- Salts are strong electrolytes (completely dissociate in water) IF SOLUBLE (not all salts
dissolve appreciably).

- Most ionic compounds are considered salts (they can be made by some reaction
between the appropriate acid and base)

- Salts have acidic and basic properties! The ions that form when salts are dissolved can
e acidic, basic, or neutral.

- Salts made from WEAK ACIDS tend to formm BASIC solutions
- Salts made from WEAK BASES tend to form ACIDIC solutions

NouLﬁ/Og . N“LLO3 %7—M0\+‘t‘ CO&’L—

Do any of these ions have acidic or
basic properties?

NU\+ ~ neutral. Not a proton donor or a proton acceptor

(O 2 - .« BASIC, since it can accept protons to form the weak acid CARBONIC ACID
3 *insolution.

H,y (04 42,0 = Lip* + Coy "

ACID BASE
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SALT OF A WEAK ACID
ery NU\ L')_H O'Z_.

NO\ ]5\ > )\/;"' 4 f\d \/ The sallt dissolves completely!

For this reaction to occur, HA MUST be

[\ / stable in water. In other words, a weak acid.
A A% \-“\ O _— H L\ A O H \—-— . but the ionization of the

salt's anion is an EQUILIBRIUM!

L_The anion is a BASE. |t can accept a proton from water to form the
weak (therefore stable as a molecule!l) acid HA

K\Q - L HD\IED“’X ___Thisis the base ionization constant for A
LA
Since A and HA are a conjugate pair, the ionizaftion constants are related!
You will generally not find both
\< (K K __the Ka AND Kb for a conjugate
W A uA o, A" poir in the literature, since one
|0~ can be easily converted to the
| l”| >~ Ko - PR other!
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SALT OF A WEAK BASE
% N H('t(/\

B \’\ C\ ——} Q H T + C |_ \/The salt dissociates completely!

Al BN ¥ .. but this ionization i
BH v, 00— ;‘Q * R0 \/ EQULIJLIBRIISLJIIC\)/Ing%Ic?:ssIS! N
k - [ G][Hg O+]

" C 8H]
o =Ko (16,

| 0x|p™

Find the pH for salt solutions just like you would find pH for any other weak
acid or weak base solufions. Only trick is to find out whether the salt is actually
acidic or basic!

—_Acid ionizafion constant for BH+




