©t 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+ PR other!
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SALT OF A WEAK BASE
% N H('t(/\

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

» ... but this ionizafi '
BOH TR, 0 = B+ R0 Lo S peeien s on
k - EG][H30+]
> [ BHY]
o =Ko g ) (14

| 0x|p ™

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

Acid ionization constant for BH+
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O.loo W\ N Hy C) ++ Find the pH of the solution
)UHq (,\ ﬁ IVH L1+ -I—C |_ Can e_iTher of these ions function as a B-L acid or base”?

| \ + g .
. 4 I O ince ammonia is a WEAK base, we know
NHH+‘ }\//-/,1 -I'HQO < \\NHZ l+ H3 it's stable in water, making ammonium
T ion function as an acid.

- — — —

N\ | | — : : : N
T e - — | Since HCl is a strong acid, we know it's NOT
() (0= OH

stable in water, and that chloride ion shouldn't
e able fo accept the proton.

S0, to figure out the pH of The_sglu’rion, we need to look at ammoniu ion's+
equilibrium NHbl—\r ARy 0 < NHB T H3O ) |,<0L: TN Hg]{nHBO J

e = ——

Speaes| Condal J| A |CE4ulibr om | [VHy™J
NH4 O + % X
H30+ O +X X
N Hy+ O.l00 |- ¥ Ol —X%
Cx)(x) = N

CO-00-Y)



N

CO-100-Y)

G ~

X _S.slylo
O.lbo — N

\l/)(LC.(LID(M 5D

0,100~ X = 0,100

7
X _
=S s¢yip "

O\ oD

v = 2,45l “ = CHq0™1)

YPH:SJll

We need Ka for ammonium ion. No value for
this Ka on page A-13, but on page A-14 we find
the Kb for ammonia, the conjugate of ammonium

O g ot = | - E X107
MK Kb: K W N
& (\‘%X“}-S):I,OXIO o
=S5 1D

Y NHy*

L{
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O .100 N\ NalaHzla, Tind pH
Nea (W0, — Na¥+ 130

Na - Neutral. No proton (can't be acid), posmve charge (r;(o’r likely to aftract H+)
| _ Acetic acid is WEAK
C H%O bmge ZHfS O'L “’H’ZO 'HCZ}':S U OH (meaning it's stable in

e —ec o o water)... Acetate ion,

We need to solve the BASE equiilibrium of acetate ion... then, is BASIC.
(2 Ha0 FH20 = HC2H1 0, TOHT 2 Ky =LHCaH,0,3o0n ]
CCaHr0,7)
Species | Clabual J| A Cequtibrivm)
OH~ O T+ X X
(M0 ©.100 -X | 9oy
(%))
= ‘\/b
0,00
_X/ = |\/\0

0 luh-X
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O,”)()"X IC"—HSO'L
/L -
LR Y T
0,100 %

Assume x <<0.100, so
, 0.100-x =0.100

1
L - S.86v/0" '°
0,100

« = 5 690" ¢< Lok
POL]’: g A

- -S
o Heqhyo, =1 710

S (L L(5‘¥/<b - |,dylu’ Iulj .
CLoxlo"S)Kb= Loy 10

Kp = S, %% *)0«(0
§p€(l(5 fc’c’vlJlLf:vm)
HCQ)’lgofL X

OH™ Y
(QH%O,;‘ O.loo-—\ﬁ

pH2 1400 -1 2 €. %%
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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 100 N\ NaC], Tind pH
/\/o\,C| ﬁ N“*"'C"ﬂ

Nm—\'_L nevtral = no l~|—6 (aot B3-L O(I_A)/ no¥ o ||)\fe|'>( Likff €|"[/\€r,/

C)7 tnevtral = (1 0= H(H OH"
L%—Howj acd . (dmp|€+€7 Iulﬂ?fg
So (1™ Cah'f L;,nj 0 n 4‘0 (vfo+aﬂg

Since neither Na+ nor Cl- can function as acid or base, the water equilibrium itself will
set the pH ... which will bg pH = 7.00 ...




“ POLYPROTIC ACIDS

FiAad pH of OJdOom Ha POy

... what's special about phosphoric acid? —
~ + i~ o
O H 2 POH « H0= H?..OOH + HBO Phosphoric acid has THREE

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

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

The first dissocation is dominant here, and for
i\/o\ 1 =~ 6,9 10'3 simple calculations of phosphoric acid in water,
we will simply use the first ionization and ignore
3 the other two.

—

KO\L — 6 12—"‘" lo"
'3

K(,\ 3, = H,¥ + 0 Remember: This is a weak acid. It exists in water mostly
as undissociated phosphoric acid molecules.
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Solve the equilibrium of phosphoric acid's FIRST proton:
~ ~ + . -~ aL)D
HaA P04 « HLO = Ho POy~ «H30™ 5§ I = 6.9% 70

3

l{c\ = L R POy jtbfgo"f’l: .Y X 10”7

[ HyPoy]
SPQC{PS EIVHI"-‘JI A [GQUIL))/IWH_J
'H’J_PO‘-;_ O X %
oot O ~+ X b
HSPO\-I O, 10 — X 0,0 ¥
i Iy Iy S
- 6.9 10 o pHz-log (00062678
010 % .10 J
o ¢t U -
L?: oamf‘f" 0.0 pR=1.56

\AQ - 6.9 10
0,10
N T 0.0 L6Lb! o1 = [."[3(;‘5]
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THE COMMON-ION EFFECT

- is the effect on the ionization of a compound caused by the presence of an ion
involved in the equilibrium

- is essentially Le Chateleir's Principle applied to equilibria involving ions

e%:. NHa Lag )+ KO (4) = & OHFC%) ; Kb‘wl.%do‘S

From previous calculations, we know that an 0.10 M solution of ammonia
hasapHof 11.13.

What would happen to the pH if we dissolved ammonium chloride
into the solution?

N Ho L sy —= 0L g

What would happen to the pH? Let's find out!



