Acid-Base Chemistry: Weak Acid Alpha Fractions

Strong Acids
HCl= H"+ CI~ K, ~ o
Weak Acids
HA = H"+A~ K <1
- [HT][AT] pK, = - logK,
" HA] pH = — log[H*)

Iwo Acid Species: HA and A-

100% Dissociation

% Dissociation?

bH dependence on
% Dissociation?
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Acid-Base Chemistry: Monoprotic Weak Acid Alpha Fractions

Acetic Acid: CH3COOH - A Monoprotic Weak Acid

HA=H"+A" K,=10"*"  pK,=475
 [H'[A7]
’ [HA]
. . [H] =K @
Two Acid Species: HA and A- a [A-]
HA = CH;COOH pH dependence on )
A = CHsCOO- % Dissociation? pH = pK_ + log [A7]

[HA]

Henderson-Hasselbach Eqn.



Acid-Base Chemistry: Monoprotic Weak Acid Alpha Fractions

We will use Alpha Fractions to describe % Dissociation

C" = [HA] + [A7] Ctet js the total acid concentration

HA
Ay = [Cmt] fraction of Ctot in the HA form
_ 147 . .
Y- = "t fraction of Ctt in the A- form
Apgg T Oy- = | % Dissociation = Q- X 100

All alpha fractions must range between 0 and I: 0 < a <1



Acid-Base Chemistry: Monoprotic Weak Acid Alpha Fractions

N B [HT][A]
HA=H"+A K, =
|HA]
tot __ —_
C'" = [HA]l+ |[A7] (HA] Uiy
[HY] =K —— =K,
App = [ZA} [A~] 1 —agy
i
- = Clot ~ Ha 1 — QA B Ka
QAFA |H*]
1 — oy, 1 B K, P 1
an oy [HY) HA_1+ K,
[Ht]




Acid-Base Chemistry: Monoprotic Acid Alpha Fractions

HA=H" "+ A~

C""=[HA]+ [A7]

a

.
o LHAIAT]

[HA]

_ [HA]
PHA = (ot

AT
Up- = (ot

:<1

Alpha Fractions DO NOT depend on Ctt - only pH and pKa!




Alpha Fraction Plot for Acetic Acid (pKa = 4.75)
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Alpha Fraction

Alpha Fraction Plot for Acetic Acid (pKa = 4.75)
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A buffer is a mixture of a conjugate weak acid and its
conjugate base: HA and A-

Alpha Fraction

0429 4 -
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The buffer region is
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pH
A buffered solution resists changes in pH when acids
or bases are added or when dilution occurs.



In the buffer region, addition of strong

acid or base only changes pH by <| unit. Buffer Region: pKa %1

a
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The alpha fractions change significantly but the pH does not.



Buffer Capacity

General Definition:

“The amount of a strong acid or base that can be added to a
volume of a buffer solution before its pH changes significantly.”

“Amount” can be in moles, grams or concentration.

“Significantly” typically means £ | pH unit.
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Specific Definition

_dG,
d(pH)

(beta):

= 2.303

Buffer Capacity

Cy is the concentration of strong base added.

See the Handout on Buffer Capacity for Derivation.
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Acid-Base Chemistry: Diprotic Acid Alpha Fractions

Oxalic Acid: C;H ;04

H,A = H"+ HA~ K, = [H;I[Z?_] pK, = 1.25
HA™ = HY + A~ K, = [11254_2]_] pK, =4.14
C"' = [HyA] + [HA™] + [A*7]
LAl [HA] [A%7]
XA = Ciot Apa- = ot Ay- = o

CIHQA + aHA— + aAZ— — 1

O0<a<1 Stiltrue!



Acid-Base Chemistry: Diprotic Acid Alpha Fractions

ll. Diprotic Weak Acid Alpha Fractions

H,A = Oxalic Acid: C;H,04

~1
[H,A] K, KK,
Ap,A = Clot <1 t [H+] + [H+)?

+1+

C[HAT] <[H+] K, >‘1
-\ K [H+]

~1
02— + +12
- ]:<1+[H]+[H] )
K, KK

A, p + App-+ Ao =1



Alpha Fraction
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Alpha Fraction
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Alpha Fraction

Alpha Fraction Plot for Oxalic Acid
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Alpha Fraction
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Alpha Fraction
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Alpha Fraction
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We can use the alpha
fraction plot to find the best
pH for a given need.

For example:

QAps- is @ maximum (0.93) at:

K, + pK
g=P21"PR 54




EDTA Metal lon Complexation Equilibria

\[ HL Ethylene Diamine Tetra-acetic Acid (H4Y)

@ pH =10:

W\/' J\ aY4_ ays- ~ 0.36

EDTA - the world’s best metal ion chelator
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EDTA titrations are in basic buffers



