' Consider an 0.100 M solution of the weak base ammonia:
N = ~ 8 9 +h
NH, 5 Kozl 65107 (o A= 14, Ebbig 72
What is the pH?

NHS“\‘ HZO ? NH’J,%'TOHH

/= - OH~ _ We need to solve this, but
|\b [NH% ][ ] = |, %10 > which one of these terms
U N H&] are we interested in?

We want to solve for the HYDROXIDE concentrafion, sincCe it's closely related to - and can
be easily converted to - pH.

Seecies Timticl J| A EEQU*':bf‘ldm]
NHy T O + X X
OH " 5 + % X
N 0.100 | =% | p.00-x

Plug into the equilibrium expression:

- (Y) X,
aylpSe D
(0.190—x) 0 100 ~y.

2
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XZ This is a QUADRATIC equation. We could solve ir with
VLS wlO™ 3= the quadratic formula, BUT like the acid example, we
O 00 )% expect that 'x' is small compared to 0.100 .

©.100 =% % 0.lop

WV
S 1.

B v
O.100 Be carefull This is HYDROXIDE
concenftration, not HYDRONIUM

A= O'OOVHH’HD% 1E’OHF1 concentration!
pow=—log (0.001341640%) = 2~ €7
OH = [4,00 - pOH = 14,00 - 2,67

FJH-.\ \3‘

X If you had solved this problem using the quadratic, you would have found
the pH of the ammonia solution was 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:
! -~ 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
lbas 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

H ROy ~ HaoO = Ry0™ ~ CHOo

Constant's value at

K o [ H’SO*I [f 1 O, ] ~4 | 25C was obtained
. | . 7 X 1D from the chart in
CHCRO D Ebbing on page A-13

(9th edition)

S pecies LT nitisl ] A chqu{mof‘fum]
Hao ¥ O + X X,
CHOq~ O + X X
H(HD~ C.l0 —~ X 0.0~

1(v) _
(v I
[O0.)~¥

1.
% .y
=\, 7 x\D



. g | A= 0.0041231056 =L H307J
ok - /x40 ot log, (0.0041231050)
l‘héﬁo.lo ‘\OH:’L.(S%
L
BELEE O P
O.10

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

L (o ) CHq0T ] _0.0041231056
O.lo

©,04%) =001,

CHCHO Y imboy LROHO, )b
Sometimes, we express degree of ionization as a percentage - the PERCENT IONIZATION:

% = 0.0, T, %1009y =|H. Yo 1waired

Check this in experiment 16A: A more dilute acid solution should have a HIGHER degree
of ionization than a more concentrated one thanks to Le Chateleir's principle - even if the
dilution causes the pH to increase overall.




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

(CHy )y N+ H20 & (g MHT + 04-
[(CH3)3 Nt Cow ] PO

Ny =

L (cug); N ]
Seecies| L Tndial] AN {Gq\n]lb rswh:l
(Chyly NHT @ + X X
OV~ O A A

()N | O-18 — % 0.8~ %

\{ ~ (\( ) (\5)

0 0,18 -%
2. If we want to find the value of Kb, then
X we need to come up with some
}~< 10 ~ m OTHER way of finding the value of ‘X’
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\&'L We know that 'x equals the HYDROXIDE concentration. Since
K ~ — hydroxide concentration is related to pH, we can use the
b 0.15-%  pHtofind X,

FH:H,GB , e e pOK = 11,00

~71.%7)
Coq~ L= 10 =~ O.00426579SL

Cov-)=x=0.0042657 952

Now, plug X' info the equilibrium expression:

(" ( 2657952
K N S O .00l
o 015 % 0,25 —O0.0042657 95

Ky =7.44107




 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.1oo M\ NHHC\ . Find the pH of the solution

_b _
N H'u| (,l — N H L, X C \ This is the WEAK BASE ammonia. Stable
Is this salt acid, basic, or neutral? in water

My /\/%\;wlo:‘fﬁ“NHs H3 07

- —_ -~ -
(7% 7+ ROF[HC | o
This is the STRONG ACID hydrochloric acid, which

completely ionizes in water. This is not a stable
molecule in water.,

The conjugate of a STRONG acid or base is NEUTRAL - it does not
affect the pH.

We will need to solve the following equilibrium:

4 = + This equilibrium is the only one of the
N H y H, 0 = N H} + HS 0" two above that affects the pH!



164 s We can get Ka for the acid from Kb of
N H ['I_* + H, 0= N H3 + HS 07| the base (ammonia

pu -S
Ko‘jkﬂoﬁt CWHg]EHgo*j |\<l°,MH3“ 1.5+10
ENH[’F_t_] }\/0\ Xl(bi‘ |;O‘x[o'ﬂf

So Ku=S.5631D7"

.S\oec'\e\s [Inrl)fl.(«'}] A [GLIU\llbﬁvm] X,L - S_sgwo‘“’
NS 5 o » o
H'}0+ ¢ 4+ X X 'Lo,luc:m\{\’:,o,wo
NHL,,'f O.100 — X O.,100 =K b ‘..S,Sﬁ\sz_’o
O vo

x = 2.Hbx 10"
Go. [Hy0* ]2 7 MbxI0™

_ Compare:
f’ H = S, ]5 pH = 1.00 for 0.100 M strong acid
pH=2.16 for 0.100 M nitrous acid (weak acid)
pH = 7.00 for distilled water




