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An aqueous solutfion of 0.25 M trimethylamine has a pH of 11.63. What's the experimental
value of Kb?

((wﬂzfufﬁ Hyp = On™ + (Gi), VAT
Ky, = EOH’:&[CC”;hW”]

How do we find Kb? First, let's set up the traditional equilibrium calculation.

S()QCf?S E-T"'h.“l] Q EGQV;II'L(;um]
OHU™ O + X KN
() Mt O + X *
(CY N O, 1S — X 0.1§ ~ X
l\/ A
b = 0,2(-%
| If we want to find the value of
] _ X?— the base ionization constant Kb,
X o - we need to find some other way

O ] 1 S =K of defermining X.
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]< _ X We know the pH, which gives us the HYDRONIUM
o ion concentration. We can calculate the HYDROXIDE
O . 1 S R ion concentration from the hydronium, and that will
give us the value of X' we need!

11,63
o Cugo™] =0 = L.34422%82 x50



2 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+
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O.Joo W\ N HH C\| v Find the pH of the solution

M4 (1 — Nelo® (1~ :Z:;is salt acidic, basic, or neutral? Look at the

MHG  wHt et o N\H;ste o'

» Ammonia is a WEAK base. That means
that it can exist in water. Since the product
of the reaction is a water-stable molecule,
ammonia is an ACIDIC ION.

o - 4u = |ACI+ 01~
Cvy C L0 ’{ HClis a STRONG acid. In other words,

it ionizes completely in water. Since
Cl- cannot hang onto the proton,

it can't function as an effective base.
NEUTRAL ION!

S0, we will have to solve ammonia’s acid equilibrium:

R \ +
/\/Hb] Tt H O < NH?) ~ H'3 0 We need Ka! it's not listed in the book
+ (pages A-13 and A-14), but we can
|< = (N MBI( H3 O J find Kb for ammonia ... the conjugate

of ammonium!
[ NHy ) -

N (1.6 07¢) < lowo™
K(A:S.Sg’f\}oﬁio

14



“ NHy T+ HyO == Nz Hy0F

Kc\ - CNMBIfH}o*J :g-gé\&}p—lv Once we find Ka, this

problem is solved like

[ MHy T ) any other weak acid
problem!
Spe CTES [I""”AI 3 D [Go’\l'!lb/n}mj
N Hy O +X X
H30+ © X ¥
NH,,“r 0,100 ~X 0.100—¥
** -1 H=S03
__‘_S_QL\:ID SDIP{U .
O,1op-¥
Reeume X LC D.g0 Compare:
Se 0.100-~¥% < 0,102 PH = 1.00 for 0.100 M strong acid (HCI)
pH=2.17 for 0.100 M nitrous acid
° pH = 7.00 for distilled water
X ~1v
= S SeN 0
0,

X =7,U4<x |Dd6'-1fH:]0+3
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O .100 N\ NalaHzla, Tind pH
Nea (LU0, — Na™+ (o 130,"

Check the ions formed by the salt to see if they have acidic or basic characteristics:

A/ + . Not a B-L acid (no H+ fo donate). Not likely o be a B-L base due fo ifs positive
G+ charge (would repel H+)

{ ’LHBO - . Has hydrogen atoms, but is more likely a B-L base due to the negative
T 7 charge:

- = Hoy 0 -
C'LH'SO'), +Ho 0= Moty 5-\— OH

ACETIC ACID is a weak acid, mMmeaning it is
water-stable. We expect, then, that acetate
ion can function as a base by accepting a
proton!

\

So. Ky = LRGP0 Y[ oH ~ ] Asbefore, we won't find the Kb for the ion
form in the chart, but we find a Ka for

[: Cq Hl ()13 its conjugate on page A-13

IV

-1y —
K - -5 S < 1-o¥10 = S. %I\
A H{yHy 01 = \. /%10 o Ky L
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C,L\r'kl O').F +Hy D = 0, Hg O?_ <~ OH ~

o = TRGH0) [on)

v

=S . ¥IvI0
SFEC{PS EIMI*;I.] ] A Egd,ulll'O/l:lm]
H(z W30 O + X f
OH "™ O + % X
(1H301’ 0.10D ~ % 0,100 ~ ¢
LN S VN M
0.0~ We need pH, but we've found HYDROXIDE

ASSym £ NENa 0,100
, OalUO""\F'—::- O,|[JO

LY

7 -
¥ - S, ¥9% /0 |
(.10

N = 7, (ﬂfoHL = tDHj

concntration ... convert.

poA =109, (7, 67 % fDqL)
= S5

pH < |U.00~S.1710

o H= b6 \
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For comparison:

0.100 M sodium acetate, pH = 8.88
0.100 M ammonia, pH=11.13

0.100 M NaOH (strong base), pH = 13.00

The acetate ion is basic, but it's a very weak base!
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O,\()ON\ I\/m[,|,‘:fnl)\ PH
/\/o\,C| ﬁ Na\*"'("ﬂ

check the ions formed by the salt to see if they're acidic or basic.

N a'*’ < Not a B-L acid since it has no H+ to donate. Not likely a B-L base, as the
positive charge would repel H+

( \ ~ +« Not aB-L acid, but it might be a proton acceptor.

(V" AW O |HC|lx0H™

This is hydrochloric acid (a STRONG ACID) - which
completely ionizes in water. That means chloride
ion is not good at holding on to H+ ... and cannoft
function as a base.

Since neither sodium nor chloride affect pH, the pH of the solution is set by the
water equilibrium itself. Therefore, the pH of the solution is 7.00 ... same as for
distilled water.




" POLYPROTIC ACIDS

Fiad pH of OJdOom Ha POy

... what's special about phosphoric acid? —
~ + i~ o
©) H 2 POH « H0= }.}lpOH + |_,(30 Phosphoric acid has THREE

acidic protons!
@ H'Lp()q‘~ + H‘LO : H POU‘Q’— + H30+

3 - +
@ HPoLY + Hypo = FOq7 7+ H30

3 The first dissocation is dominant here, and for
i\/o\ 1 =~ 6.,9% 107 simple calculations of phosphoric acid in water,
% we will simply use the first ionization and ignore
Na, = 6,1~ 10" the other two.
K(,\ 3, = H,¥+10 'S Remember: Thisis a weak acid. It exists in water mostly
as undissociated phosphoric acid molecules.

—



162

Solve the equilibrium of phosphoric acid's FIRST proton:
~ + . - aJlp”

3

l{c\ = L POy jtbfgo"f’l: .Y X 10”7

[ HyPoy ]
SPQC’,PS EIW‘I';‘t]l A [GQUIL))/IWH_J
'H’J_PO‘-;_ O X b
oot O ~+ X b
HSPO\I O, 10 — X 0,0 ¥
i Iy 1y S
- 6.9 10 o pHzlog (00062478
00 % .10 J
o ¢t U -
j/?: otmj(‘f" 0.0 pR=1.56

\AQ - 6.9 10
0,10
N T 0.0 L6Lb! o1 = [."[3(;‘f‘]




