Acid and Base
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Dissociation of diprotic acid

« For the solution of H,L*

H,L* S HL + H* K,; =4.69x103
HLS L+ H* K,, =1.79 x 10-10
Assumption:

since K, ,>>K,,

so the dissociation of HL is insignificant comparing with
the dissociation of H,L*, which can be treated as
monoprotic acid.

 For the solution of L-
L-+ H,0 2 HL + OH- Ky,1=K,/K;»=5.48x10">
HL + H,O S H,L* + OH" K,,=K,/K;;=2.13x1012
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Treatment of the intermediates

ystematic treatment:
S H + L K.,

e S
H a
_ _HL+H,0 S H,L*+O0OH K,
C

l v
narge balance: [H*]+[H,L*]=[L]+[OH]
Kaz = [HT][L[HL] = [L] = [HLIK o/[H"]
Kpz = [HLTOHJ/HL] 2[H,L*]= [HL]K,,/[OH",
=[HL][H*]Kp,/K,,

> H2L+ : HL + H+ Ka]_
Ka1Kpo=Kyy 2 [HoLI=[HLIH /K,
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Approximations
[H +] — \/ KalKaZ[HL] ™ Kale

Ky +[HL]
e Since HL is week acid/base, the [HL]~F (added)
then H = \/ KoK F + K K,
K,+F
« Assume, K_,[HL]>>K,,, then

[H +] - \/ KalKaZF
K,+F

 Assume, F>>K_;
[H +] — \/KalKaz = PH=1/2(pK,;+PK42)

Properties of Umass Boston %

UMASS



Polyprotic acids and bases

* Treatments of polyprotic acid and base are

similar to that of diprotic acid and base
H.A S HA + HY K1
H,A'S HA? + H* Koo
—A2 A3 + H* K3
A3+ H,0 S HA>+OH- Kp1=K,/
HA%+H,0 S H,A+OH- K=K,/
H,A+H,O & H;A + OH" Kpa=K,/

e Only deal with immediate neighbors

A\

a3
az2

A\

A\

al
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Only deal with immediate neighbors

* H;A Is treated as monoprotic acid in H;A
solution, e.g. dissolving in water, K_=K_,;

HAS HA + H* Ka1

H,A'S HAZ + H* Kaz
HAZS A3 + H* K

begin
end

a3

H3A 5 H2A" + H+

F 0 0
F-X X X
2
X
K zKalz
F—X

Kal
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Only deal with immediate neighbors

H,A-and HA? are treated as the intermediate form for
a diprotic acid.

HiA S HA + HY Kat

H,A"S HAZ + H* Koo

HAZ S A% + HY Kas
For HL,A

H,A S H,A + H?
H,A'S HAZ + H*

[H +]z\/Ka1Ka2F+K1KW for HZA_

K, +F
For HAZ
HA'S HAZ + HY Kao
HAZ S A 1 1 Kas
[H +]z\/Ka2Ka3F+Ka2KW for HAZ—
K,+F
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Only deal with immediate neighbors

* A3 is treated as monobasic, K, =K,

A3 + HZO S HA2+OH- Km:Kv_v/—Ka_3
HA2'+H20 S HA+OH- Kpo=Ku/Kaz
H,A+H,0 5 H;A + OH" Kos=Ku/Ka
A3+ H,O 5 HA>+OH- Kp1
begin F 0 0
end F-X & 5
2
K=Ky = .
F—X
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Principal species — dominate type of species at

certain pH

At the time [H;A]=[H, A= 1/2F
HA S HA + H+

begin F 0 0
end 0.5F 0.5F X
« ~ K, = [H105F

0.5F

K=[H"]= pH = pK

pH<pK = H,A is the dominate species;

pH>pK=H,A"is the dominate species.

Kal
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Principal species — dominate type of species at certain pH

Iredominant
form

pH Major species
 pH<pK, HoA
pK; < pH < pK; HA-
pH = pK, A2-
<_I'\.a’lc:re H More_}
acidic P basic
HA HA- A2~
T t
PK; PK> I
. More o g
T acidic s basic
HiA H.A HA? [ A 1
P&, i PK; ] PKy
pH = 1 (pK, + pK,) pH = (P Ky + pKy) ‘
D 4
[HzA} = [HA) [HoAT] = [A™]
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Composition of solution

* General form of fraction for the polyprotic acid H A:

[H']
Oy A= D
K [H+ n-1
Oy A~ : D
~ KK, ---KJ—[H]n_1
Ay A~
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Titration
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Titration

* Increments of reagent solution (titrant) are
added to analyte until the reaction is completed

— Titrant (know concentration)
— Analyte (unknown)

— End point: equivalence point — the quantity of added
titrant is the exact amount necessary for
stoichiometric reaction with the analyte

E)é)ample using known H,SO, to titrate unknown
KOH -

H,S0,+2 KOH — 2H,0 + K

at end point one mole of H §O4 reacts with 2 mole
of KOH

Properties of Umass Boston

7

UMASS



Detection end point

» Detection of end point: indication —
chemical, electrochemical, spectroscopic —
means to mark change in a physical
property of the solution

Example:
HOOC-COOH+ 2 MnO,- + 6 H* — 10 CO, + 2 Mn?* + H,0O
(oxalic acid, analyte) (titrant, pink)
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Terminology

Titrant
Analyte
End point

Indicator: compound with a physical property (color) that changes
abruptly near the equivalence point.

Titration error
Blank titration

Primary standard: pure and stable reagent (>99.9%) which can be
accurately weighted to make titrant.

Standardization: use primary standard solution to determine the
non primary standard — standard solution.

Direct titration: titrate the analyte until end point.

Back titration: add excess amount of one standard solution and
use the second standard solution to titrate the excess amount of
the first standard solution — slow reaction with analyte or no clear
indicator
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Titration calculation

the quantity of added titrant is the exact amount necessary for
stoichiometric reaction with the analyte — relate the mole of
titrate to the mole of analyte
Example: use 0.7344 M HCI to titrate 1.372 g of the mixture of
Na CO,4 and NaHCO4, 29.11 ml of HCI was consumed.
a,CO, + 2HCI 5 2 NaCl + H,0 + CO,1

ﬁco + HCI 5 NaCl + H,O'+ CO,1
at the end point, all Na become NaC?
1 mole Na,CO, reacts with 2 mole HCI
1 mole Naf—|CO reacts with 1 mole HCI
Total HCI consumed 0.7344 x 29.11x10-3=0.02138 M
Assume x gram of Na,CQO;, in the mixture, then there is1.372-x
gram of NaHCO3
Mole of Na,CO;: x/105.99(molecular weight)
Mole of NaHCO,: (1.372-x)/84.01
thus: 2 x mole o? N CO,; + mole of NaHCO,; = mole of HCI
2% (x/105.99) + (1.372-%)/84.01 = 0.02138

x=0.724 g I:> 0. 724 g Na,COj;and 1.372-0.724 = 0.648 g NaHCO,
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Titration curve

« Change of the indication
signal - the
concentration of one |
reactant (potential, pH,
optical absorption..) with :

the amount of titrant |

— Understand the chemistry =™ \ e
durlng the tltratlon 2L [(TSIIS?TLT | H‘%:ll‘l"l_l'l Chioride

— The influence of the £ . St

Conditions to the titration ~100 _| LU LV LB D B BT L L L 0§ 1| [y ny e gy ooy oo ey o o o)) | | |
eg. pHothesharpend ™ T
pOint. 9
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Types of Titration

Acid-base

Redox (reduction — oxidation,
electrochemical)

Complex formation (EDTA)
Precipitation
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Precipitation Titration

* Kq, Influence the
sharpness of the end
point and accuracy of
precipitation titration,

Buret
(AgNQ,)

G 1 Y

the larger K, the e
b ette r . Beaker

- lon selective electrodes =~ il
are usually used to sirne |l
detect the change of ay

one reactant
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Example of Precipitation Titration

» Using AgNQO, solution to titrate the
solution containing Kl and KCI

* Titration of a mixture, less soluble
precipitate (larger Kq,) forms first.

* Ksp1 has to be sufficiently different in
order to separate the two different
precipitates
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Example of Precipitation Titration

« Ag* + I'— Adgl
Ksp(Agl)=[AG'][I] = [AgT]=Ks(AgI)/[I]
[I"] = initial concentration (unknown) — [Ag] added
 Ag™ + Cl— AgCl
Ksp(AgCI)=[Ag*][CIT] =
[Ag"]=Ks,(Agl)/[CI]
[CI] = initial concentration (unknown) — [Ag] added-[I]

* Near the end point of |, co precipitation may
happen
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Buffer
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Buffered Solution

* A buffered solution resists changes in pH
when acids or bases are added or when
dilution occurs.

 The buffer is made of the mixture of acid
and its conjugate base.
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What happen if a weak acid is mixed

with its conjugate base ?

« the moles of acid and conjugate base In the
solution will remain close to the ,amounts
added, because of Le Chatelier s principal.

HA 5 H* + A-
A~ + H,0 5 HA + OH-

. HA dissociates very little and adding A~ will
make the equilibrium move to right side.

« A~ does not react with water much and

adding HA will make the equilibrium move to
right side

Properties of Umass Boston %

UMASS



Henderson-Hasselbalch Equation

 The pH of the buffer - the central equation

to treat buffer

HAS H"+ A K
Kqa = [HAT[HA]
logK_=log[H*]+log{[A]/[HA]}

a

pH = pK, + log{[A)/[HA]}
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The same relation, different expression
« A"+ H,0 5 HA+OH K,

K, = [HAJ[OH"]/[A]
log f? = log [OH"] + log [HA]/[A™]
K

[OF =KW/[I—+]
log K, = log K, = log[H*] + log
—log[H*]=log K, — log K, = log [HA]/[A~]
oH = —logK, /K, +Iog[ -1/[HA]

poH = pK, + log [A"]/[HA]

Properties of Umass Boston %



Diprotic Buffers

* A buffer made from a diprotic (H,L) or
polyprotic (H,L) acid

H,L S HL + H* K1

HL- S L% + H* K.,

Two Henderson-Hasselbalch equations, they
are both true in the same solution

pH=pK,,+log([HLJ/[H,L])
pH=pK,+log([L=]/[HL])
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The pH change In buffer

pH = pK, + log{[A]/[HA]}

(Table 10-1| Effect of [A~]/[HA]

on pH
[ATV/[HA] pH
100:1 pK, + 2
10:1 pK, + 1
1:1 pK,
1:10 pK, — 1
1:100 pK, — 2
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