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Polyprotic Acids

Acids that have more than one proton to lose
Now we need to keep track of all the "forms" of the acid
Monoprotic HA , A"

Diprotic H.A, HA,, A*

Triprotic HszA, HyA;, HAZ, A3
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Polyprotic Acid

Phosphoric Acid
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For example
Sulfuric Acid

HySO4(aq) «—> H*(aq) + HSO4(aq)

HSO4(aq) «—— H'(aq) + SO4+*(aq)

[H'][HSO4] Equilibrium for the first
[ELS©4] 10 proton coming "off"

L [HHABOS] . Equilibrium for the next
il [HSO4] o0 proton coming "off"
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Key Question
What is in solution!

N : _ [H][HA]
H'(aq) + HA(aq) Kal = [HaA]
H*[A%

we'll reduce all such problems to | or 2
major forms of the acid.

First figure out which ones will be in
solution
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- Carboxylic Acid

Common
Acetic Acid

(vinegar)

carbon double bonded fo an oxygen
bonded to carbon oh one side
- OH on the other side o




Citric Acid




Citric Acid

S T Kal = 7.4 x 104
" T jL WOT h o= 1.7 x 10
o K =40x b7

What is the pH of IM Citric Acid?
Imagine that it was monoprotic

Weak Acid . [FI[FAT (909 (X))

N R Ta.

[H]=x = KiCa = (74 x 104(1) = 0027
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K2=17x10° «—

Assuming that [H*] =.027 what is the ratio of
deprotonated to protonated for the second proton?

A —= H + H K K,
@——» H' Ra.
£t le g
LHa )

—

© Vanden Bout




Ka = 1.7 x 10 -

Assuming that [H*] =.027 what is the ratio of
deprotonated to protonated for the second proton!?

/ [ _ets look at Ka

2- " A2- -5
Kaz=[H+][[HA ]l HAT] Ko 172100 fog . 1o
o HaA'] HA] [H+] 0.027

This is a very small numberg—




Ka2=1.7x 107

Assuming that [H*] =.027 what is the ratio of
deprotonated to protonated for the second proton?

Lets look at Ky

2- B 2- -5
Ka2 — [H+] [HA ] HA ] il Ka2 s |.7 x |0 L 63 % IO_4
[H2A] HAl  [HY] 0.027 /

This is a very small number

very very little HA%* the second proton doesn't come off
pH is dominated by the first proton equilibrium

29 we really only need to consider

// oncentration changing due to K
-
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When will the other protons matter?

If we just want the pH of the solution,
then it will be dominated by the first K,

We need to consider the others
if we are controlling the pH
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% in each
form




When do | care about the other protons?
When | neutralize the acid.

As you neutralize the first protons,
the second will come off,
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If | add 0.1 moles of NaOH to 0.05 moles of H3PO4
what will be the dominant species in solution?

A. H3;PO4 and HPO4
B. H,PO4
H,PO4 and HPO4*

HPO 4% 7

HPO4% and PO43-

Ho ke + O — H,A

o5 . o
-0 05 F.05°

.05 .05
0 ey

R A A 0n) — BA™
os oS °
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If | add 0.1 moles of NaOH to 0.07 moles of H3POy4
what will be the dominant species in solution?

A. H3PO4 and HPO4

H2PO4

L H2PO4 and HPO4*

HPO4>

E HPO42' and PO43“
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|What is the pH of a solution with 0.5 M Na;HPO?

H3;PO4 _Sﬂ_= 7.1 x 103
Ky =63x 108
.Si3..= 45 x 0"3

to simplify we'll use the generic notation HPO4% is HAZ
g

HA? is found in equilibria 2 & 3 .
2 ik =M

Species that are both acids and bases are
“Amphiprotic”

——— ™ '\&V\‘kﬂvﬁ &~
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What is the pH of a solution wi?

H3POs Ki =7.1 x 103 e
Ko=63x108 *

Ka3 = 4.5 X IO"3




What is the pH of a solution with 0.5 M HPO42?

H:POs Ka=7.1x 103

Ka2=6.3x 108
Ka3 =45 x IO'I3
[H][HA*] . IRl
= Ka i SR
= T [HAY
H* A3- H*1IH* A3_
pary = IR [HHIA]
Ka3 [H2A] Ka3

= [ KaxKs
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Titration of a polyprotic
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Diprotic H,A




pH

Titration of a polyprotic
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all HbA weak acid
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pH

Titration of a polyprotic

14 14
131 113
12 12
il 11
10 aeeqd 10
9 :’ 19
8 V4 8
7T e 17
6 e~ 6
51 ?,,«‘f"w 15
4 ¢ ° 4
i1 if y S \\' ;b
|
— :
30 40 50 60
-100M NaOH\dded to 25mL 0.100M H»CO5

rinciples of Chemis:

OH- neutralizes some

H>A to HA-
buffer around/K,

pH
halfway
to equivalence point |
pH = pKa
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Principles of C

pH

Titration

of a polyprotic
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pH

equivalence point |
moles OH- = moles H)A
All H,A converted to HA-
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Titration of a polyprotic

14
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A
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mL 0.100M NaOH added to 25mL 0.10 HyCO4
halfway OH- neutralizes HA" to A%
to equivalence point4 A HA- and A%
pH = pKa

buffer around Ka2 )




h o 1] 20 30 40 50 60
Nz'p mL 0.100} NaOH added to 25mL 0.100M HyC O3
e\ F equivalence point 2
\ T
*' moles OH- = 2 x moles H>A

now all H2A is converted to A
now weak base A%




How many equivalence points are in this titration?

Yiilil!

10 11 12 13 14 15 16 17 18

aOH added




Given the following curve estimate Ky
for this unknown acid

10 11 12 13 1415 16 17 18

[
8 9
mL NaOH added

A. 1010 B. 10 C. 9x10° D. 5x 107 .\




What is(are) the dominate species in the solution at pH 4?

¥ L1 F
41516 17 18




How many many protons does this acid have?

T N
10 11 12 13 14 1516 17 18

aOH added

37
[~ -
2 O -




Given the following curve estimate Ka2
for this unknown acid

T <Ee
z_ﬁ‘TT/ " (—

10 11 12 13 14 15 16 17 18

7% g
mL NaOH added

A. 1010 B. 10 C. 9x10°
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