Mono-protic Acids and Mono-basic Bases

Acid is a substance which increase [H;0*] in water.

Strong acids (SA) dissociate nearly completely in solutions,
and SAs consumes basic groups nearly completely.

Base is a substance which decrease [H,0"] in water.

Strong bases (SB) consume acidic hydrogens nearly
completely.

Conjugate base of a strong acid is of negligible basicity.
Conjugate acid of a strong base is of negligible acidity.

KOH — K*+ OH-

H,O = H* + OH-

Setting up CBE, MBE and water dissociation equilibria;
[H]+[K"]=[OH]

[K*]1=1x10?

[H'][OH]=K,

Concentration of H" = x
X(x+1x10%) =K,
x=9.512x10% = pH=7.02

Formal Concentration (Formality):

Molarity of a substance if it did not change its chemical
form when dissolved.

Acetic acid; CH;COOH 1mol/L = 1F
In reality, fraction of the acetic acid in solution dissociates,

CH,COOH=CH,COO" +H"
F-x X X

Thus the actual molarity of UNDISSOCIATED acetic acid is
less that F mol/L.

Strong Acids and Bases:

Solute dissociation complete.
pH =-log aH+@ log cy.

for low p solutions and [SA], = [H*]=cy, or [SB], = [OH7] (= 10-°M).

However if solutes concentrations (SA/SB) < 10-5M,
requires systematic equilibrium calculations to calculate ¢,
if solute (SA/SB); 10 M - 105M.

What is the pH of 108 M KOH or HCI?

HCI — H*+Cl
H,O0 =H*+ OH-
Setting up CBE, MBE and water dissociation equilibria;

[H']=[CIT+[OH]
[CI=1x10"®
[H'][OH 1=K,

Concentration of H" = x
x(x-1x10%) =K,
x=1.051x107 = pH=6.978

Weak Acids and Bases:

Strengths of weak acids/bases shown by their K values.
(few strong acids encountered)

acid dissociation K,:

HA + H,0===A+ H,0*
F-x X X
x> =K, (F-x)=0

x> —K,F=0 x<<F
[H']=x=KF

a

K _IATH,0']
*THA]

stronger WA HA ~ weaker A
(acid) (conj. Base)

-log K, = pK,



Base constant K;

A+ HZO =—= HA + OQH- hydrolysis
_[HAJ[OH]
TIA
- log K, = pK,, KoK, oo =K,
KK, =K,

Composition of A~ (salt; NaA) solutions:

A +H,0=HA+OH"

F initial concentration
(F-x) x  x equilibrium concentration
- 2
K, :mzx— solve for x;
[A7] F-x

x> =K, (F=x)=0
x> -K,F=0 x<<F
[OH1=x=/K,F
+ Kw
[H']=

VK F

Fractional dissociation of HA o;:

A= L]? =X Al =a, Fractional compositions
[HAI+[A] R, F
= [HA] _ _[HA] FHA_X:I—L:I—aA:a‘,
[HAJ+[A] F Fia HA
l-a,=¢q, [HAJ=a, Ry,
o +a, =1 [A"]=a Ry,

Note: F = Total concentration of all species containing the
moiety A.

For aqueous solutions;
2H,0 == OH-+H;0*
K, = [OH-][H;0"]

Ka,HAKb'A* = Kw

KK, =K,

Conjugate bases of WA are weak bases, the
strength of which related to the acid strength of WA.

Composition of fully protonated HA solutions:

HA (= H +A”

F initial concentration

(F-x)x  x equilibrium concentration
+ - 2

K, = HIA] - X solve for x;

°7 [HA]  F-x

S . N S .5 I
[HA]+[A"] Fy

X2
K, = = K,F,
Ka
FHA

K,F
Fractional ¢ = a_HA _
composition A F
‘\HA/

Although the use of the approximations greatly simplifies the
algebra, care must be exercised in its use. Approximations
are valid if the approximation yields a value for

x < 0.05xformal concentration.
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Buffers
A mixture of a (HA + A’) or (B + BH*) forms a (pH) buffer.

A buffer solution is a solution which resists pH changes due
to the addition of small amounts acids or bases.

Such small additions do change the pH of the buffer, but only
by a very small amount.

Buffer action:

Mixture of (HA + A") or (B + BH*) will consume any small
(foreign) amount of OH- or H* added to it, thereby maintain the

[H*] nearly constantly.

(A]

H=pK,,.tlo
p PBqha g[HA]

- pK, of HA

130

10 f//J

i A1,

[HA]
50 f/j

/’/'r

000 500 1000 1500 2000 2500 3000

it Tadg
Volume of titrant {mL)

Fractional Association of Base B (or A-from NaA):

B +H,0=BH" + OH"
F-x X X

= ﬁ = [Fﬂ Fractional compositions
B

B

g = [BH'] [BH']

[BH'1+[B] F,

Approximate calculation of buffer pH:

Consider acid dissociation, expressed as;

(Al _ [base]
[HA] [acid]

pH =pK, ;s +log

pK, of HA

HA refers to the weak acid, it can be BH*.

—_

pH= ﬁKw - pr‘.B +log (B] < [base]

[BH'] [acid]

pK, of BH"
Henderson-Hasselbach

Equation

Buffer capacity p:

The ability of a buffer solution to resist ‘foreign’ acids/bases:
depends on the number of molecules of HA and A- or B and
BH* in the mixture and the ratio [A"}/[HA] or [B)/[BH'].

B Increases as the above ratio(s) reaches unity.

B highest a
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Buffer capacity B: For an HA/A- buffer system; Example fo

The ability of a buffer solution to resist ‘additional' acids/bases:
depends on the number of molecules of HA and A- or B and

BH* in the mixture and the ratio [A]/[HA] or [B]/[BH"]. OH- 3 .
Q F . . . 3
B Increases as the above ratio(s) reaches unity. a e
9 .
Buffer capacity - Definition: The number of mmol of a strong § B
acid/base required to cause a unit change in pH per mL of buffer f .'
solution. EoL. |
ﬂ:dCOH’:_dCH* HA B
d H d H 2 4 6 8 10 12 14
P P " axes-unconventional
B highest at [HA]=[A]
For an HA/A- buffer system; Example for(pK,=5.00
] st
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axes-unconventional .
o For an HA/A- system; pK,=5.00
The variation of pH of a buffer @ pH ~ pK is the lowest.
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For an HA/A- system; pK,=5.00 PH

Useful (rule of thumb) buffer range of a
buffer of WAis pK, + 1.

Buffer Preparation:

Buffers can be prepared by (a) adding a
strong base (OH") to a weak acid (HA) or by
(b) adding a strong acid (H*) to a weak base.

Either procedure will produce mixture of a
weak acid and it's conjugate base mixture.

See text.
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Buffer capacity is highest at pH = pK and at that point
[HA]=[A] and are large.

When pH = pK for a mixture of a conjugate pair concentrations
are equal.

To make a high capacity buffer of pH = X, pick a system where
pK = pH desired of the buffer and the conjugate pair
concentrations are high and equal.

To prepare a buffer of desired pH choose a WA with pK,
close to the desired buffer pH and adjust the pH adding strong
acid/base as needed.

Useful (rule of thumb) buffer range of a buffer of WAis pK, + 1.
amounts to 0.1 < [A]/[HA] <10 ; @ [Al/[HA] = 1, best

For 0.1 > [AJ/[HA] > 10 ‘the resistance to’ would be only to base
and acid additions, respectively — not a ‘buffer’ !l.

Note: Buffer pH depends on temperature and ionic strength .

At high concentrations of acids and bases or extreme pH values
the analytical concentrations of species are significantly different
from formal concentrations. Thus HHE loses it's validity in

such regions.

3000
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g TA i
p-Cor __9C,
‘Buffers’ against dpH dpH
bases !



Table 10-2 (comtinued) | Structures and pk, vaboes for commenly used balfers® *

Formuls
Table 10-2| Structures wnd pk, vabues for commenty wsed baffers® Name Stracture Pk, (~25°C) mass
Formula Citric acid hcitrate BAD P, 192124
Name Struciure PR, (-15°C) s NN N Tetracthylethy benediamine NOH 1 SCHLCH RO CH ), 201 655 (k)
Phosphoric acid PO, Lisipk, | 91995 ditydrochloride (TEEN-2HCT)

Piperazine-N_A"-hist -cthancsulfonic acid)

2ETIipK,) MW o CH.00;
(PIPES) /

O.8CH.CH,

N2 Aceramidoiminodiacensc acid (ADA) futdl 190,154
0,
Cltric: neld J3ipKy) 19242 1.3-Bisftristhydroxymetiy limethylsminolpropane (HOCH,) CRILICH, | NICICH O, €1 [ 38795
hydrochloride (BIS-TRIS propane-HCT)
i AN ® sulbfonic 7 "l 2. " ine- NN bisi 2. o ok TR ¥ . T - Ky 323N
Piperazine. VA" bis 3 propanesulfonic ITOpK,) 330424 Piperaine- NN bisi 2-ethanesubloni acid) e i s G80(pAy M2
ackl) (FIPT PIPES) Cae il oy
- NN bisi 3-tustancsud fomic scid) OSCH.CH.CHLCH 4390pk,)  XSRaATT cetamido- 2-aminoethanesulionic acid o (4] 182109
s T ,CHLCH, HLRCCHLAILCHLON,50,
NN -DicthyIpiperatine dibiydrochlonids T 445K, NTI00
(DEFP-3HCT) CHOHS I LN-Moepholing-2-hydrsypeopancsulfonlc 2 o
Cirric acid odekirat) ANy 192124 acid (MOPSCH o RHCHCHCHS0, s 225,264
Acetic acid CH 0 4 52
2 s 4 & The prosssssed
NN Dty lethy lenediamine- ¥, A-bisl 3- OSCHCHCHAICH O IROOLCNS0,  S620pK,) 60403 fudicd
propancsulfonic (DESPEN) OCTNIL ACES, see TS b

OH. CHEH, b, %, Picites snd K. L

2o N-Morphoding hethanesulfonic acid (MES) NHCHCH, SO, 6is 195,238 0. Femg, W ¥ Kok, sl ¥.

ES sl CHIS 8. N, Wi

spistally deveload bk roetah benling bty (1), Vi A Karubcgralarn, . o and 13, B Rewabctut

Calculation of oy, and a, of a HA/A equilibrium system

Table 10-2 {continued)| Struciures sud pk,

ommonty wsed baffers *

Formuls

Nawme Strwcture PR, (~25°C) mass In any aqueous solution containing HA, the ion A- has
NN B - hadroyethy Dghycine (BICINE) THOCHL W, LN HEH 00, B38 163072 to be present, and vice versa. The concentration and therefore
fractional ition is dependent on the [H*] in th

Cilyeylghycine NCH CNBCH, 0] Ra0 12ns the ItaC lonal composition s N ependent on e [ ] in the )

" s 4-btsmesulfons ackd) Sspneca it Moo EB0K), e solution. In general, calculation of concentrations and fractions
NA".Dethylpiperarine dibydrochloride BSS(pN, 200100 require the solution of a set of equations that relate the

(DEPP-2HCH . :
e concentrations.

A" Dicthylcshyleneafizmine-NA"-his - OSCHOHCHAHCH CHRCH cren 50, M08 PKY - Jenas

peopanceulfanic (DESPEN) o, e . _

Haric acid BIOH), B4 (pK,) GRS > HA=H" "+ A K

Cyelohexylaminoeshanesulfosic acld (CHES) (= MILCH,CH,50; 939 207392 N

N Tetenctiiylethylenediamine (O SHCHCHHSCHLOH ), 200 el I HZO =H"+0OH K

ydrochboride (TEEN-2HC1) % e i

-iCyclohexylamincipropancualfanic acid
5)

a

W

. i 13
HHLCH OHLOH S0, g i1l

“ Tetrnethylmethylencdiamin

dnochloride (TEMN-2HCT) In general use the expressions for K’s above, with mass
Doptutcuh oA :j;;j:;:::;{ n balance and charge balance equations to solve for actual
' [H*], [OH7], [HA] and [A7], with Fy, calculate o values.

: by 2
(CHCH 3 SHCH RO CH 1,200 1100 (i) 250208

. [HI[AT] _ [H"1(F -[HAD ‘ C[HUA]_[HIA]
[HA] [HA] = IHA] F A

[HA]= % by rearrangement [A]= ﬁ

o - HAL_[HA] | [H']

"UIHAIH[AT] F O O|[HT]+K, Al A K

- a

“TIHAIFIA T F O [HI+K,

similar approach «, =L]_ AT K
[HA]+[A'] F [[H']+K,

next page
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a; plots shows the fraction of any given protic species in
solution.

For a buffer of pH 8, from HA/A- system; pK,= 5, the species
represented by the fractional composition curve is present
predominantly the A~ protic form.

If a buffer has a pH=4, then the species represented by the
curves is present as ~10 % A~ and ~90% HA.

No matter which form of HA we add, so long as the buffer
controls the pH, the composition is dictated by the pH and
the a; plots.
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