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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

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:

NH, 5 Kozl 65107 (o A= 14, Ebbig 72

What is the pH?
N Ha + M.

|‘<|D'l C NHL,4][0"”]

CnHL Y

)\/Hz,, -I‘OH

-S

- 1.%xlp

To get the pH, we'll first need to find out the HYDROXIDE concentration, since that's the only
species |n the equilibrium that can be related to pH.

Let "X" equal the change in
hydroxide ion concentration.

Speaies| CImtial 3 | D |C&Guihncivm]
OH~™ O + K A
NHY ™ o |+x| X
/VHg O.1obd — X 0,149 - %
L0 00 = )% X \U’S Solve for "x" ...

(o.1vv - %)
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6(\(\(\0

~S
= Vg U
(0. 1vv ~¥%)
= - S
0-lvo -t Be careful when solving
ASSume Y ¢ Smull s, for the pH of BASES, as the
| equilibrium calculation
0100 - = 0.0y will give you HYDROXIDE
N concentration, and you'll need
2 an extfra step fo get pH ...
-5
X - \ ) Q6 \A ) O
O.Yvvu \

« = 0001341640 & M= Lon™)
pPOH = oy, (000134 1640 €)= 1.%7) (()oH:vlu%b[OH’})

PH:|L’I.()U—1'<€7 :\\\~|’5J (_‘aH-b()OH:IUI,Oo)

Solving this problem with the quadratic equation
givesa pH of 11.13 ... same 0s the short solution!
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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)
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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.

HCHO, tH0< (HO, +Hg0™ 5 K= CCHOTITH01 | 5

E HCH 023 (value from
Set up equilibrium to solve for hydronium ion concentration. feﬁ\fggér;“)
Sp'e(l{\ [Imf.pa\ ] A [(’qwhbrwm}
Let "x" equal the change in
hydroni ' frati
)’\’5()* O +Y X ydronium ion concentration
(04" O + X X
}'\(,H()fl_ 0.1V — X% O.lo-X
( ) _
¥ = Loxio X< 000¢|¥(0S6 M < [Hyﬂ‘]
(0.10-%)
W -y So, A = =y, (0004123 100)
— < .2 x v N
6 .lv-Y :\Q.3% I

AgSumt %< RN
SD U-'D" \L - O—]O

- L
NS P RV B ) R

——

O.lo

What about "degree of ionization"?
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Degree of ionization is the fraction of a weak acid or base that ionizes in water.

L tM0,-) [H30) _ 0004123 (06 _ [o 7oy | = 00T |
E_"|(,H0q,‘3hum;m| EH(HO’L]V‘U"\"‘"' o

(or Imltial \

(l

If we express DOl as a percentage, we call it the "percent ionization™

O
b/bIUvn’}-M‘u'w\ - Q0T xloo —._IH /D Iun)”cf)\

... SO in this formic acid solution, about 96% of the formic acid molecules have NOT
ionized and are still in molecular form!

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 percent) 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 trimethylamine has a pH of 11.63. What's the experimental

I f Kb?
value of Kb <(H3>3/\/

(CH) N oD = () VAT £ OH7 ) Ky = T L0 WAt J COR~

Create an equilibrium chart to begin. E ( U”% )3 N 3
% 210 ):IV‘ b | A ié . IL Ve
i h e j i ) Let "X" equal the change in
OL- O +N X hydroxide ion
concentration
((Hfb)&'\”’)_\ @) 3 X x
(UM | 0§ ~X| 0.28-%
Plug into the Kb expression ...
(XY (O
- ;*(b
(0.1~
\{\’L
= )(LJ
0.1L5- Y

We still have two variables ... 'x" and Kb. If we could find another way of
determining "x"', we could use this equation to solve for Kb.
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The variable "x' we have in the chart as being equal to the hydroxide ion
concentration. We know the pH is 11.63, so ...

1.3 +poH = IY.00 (pH~ poH = [Hev)

(JOHT- 1-17
Com™ ) = ID_'L—T] (Con-J=1o PH)
— 0.06042L8952L moon~ =X

Now just plug in the value of "x" to find Kb ...

&
- = )(lo
0.1L5-Y
o-oaqlcg'?qslf' 3
( "

0,26 -0-0042LS79 2L

1700k, |




©* 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 formm ACIDIC solutions

NouLﬁ/Og . N“LLO3 %7—M0\+‘t‘ CO&’L—

Do any of these ions have acidic or
basic properties?

NM+ - neutral. Not a proton donor or a proton acceptor

. BASIC, since it can accept protons to form the weak acid CARBONIC ACID
" in solution.

Hy (04 2,0 = ¥ + COg

BASE

(.037'—

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

No\ ]5\ > )\/:" 4 f\d \/ The salt dissolves completely!

For this reaction to occur, HA MUST be

)[_\ / stable in water. In other words, a weak acid.
:L\ e H O N H ['\ +0O H \.’ . but the ionization of the

salt's anion is an EQUILIBRIUM!

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

K\Q — [ M D\IED“’:& - This is the base ionization constant for A
LN

Since A and HA are a conjugate pair, the ionization constants are related!
You will generally not find both
\< ( __the Ka AND Kb for a conjugate
W Ka JMA Kb pJ pair in the literafure, since one
|.o~i0™ can be easily converted to the
| ‘~| ~ F Ko+ P K other!




