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Acid-base indicators:

The materials used as indicators in acid- base titrations are,
very weak organic acids or bases.

The conjugate pair of such compounds. exhibit different colors.

Hin + H,0 === In" + H;0* & PKiun
acid base
color color

£o
In+H,0 =< InH*+HO- \N@,ﬁ“@s‘ow
base acid !
color color

HIn+H,0 =In"+H,0"

If HIn is in an acidic solution it exists mainly as
Hin; color of Hin = acid color.

If HIn is in a basic solution, it exists mainly as
In; color of In- = base color.

For the human eye to detect a color change, the ratio %
n
must change by at least 100 times (up or down).
H]=K [HIn]

* [in]

.. [H*] must change at least by 100 fold to detect a color change.

i.e. pH = (-log[H*]); must change by 2 at the eq. pt.

If ind. is in an acidic solution it exists mainly as Hin;
color = acid color. (ratio =10, minimum)

If ind. is in a basic solution, it exists mainly as In;
color = base color. (ratio = 0.1, minimum)

Perfect Acid-Base Indicator

In Color
pH —
= ..

9
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7
5 Real indicator has color
changing range of pH
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Volume
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hitp:/iupload.wikimedi |_blue_colors.jpg

Consider Hin case;  Hin+H,0 =In" +H,0"

[In]H"] ~ g
K. = ; N é\/‘)
C ajn [Hln] >N—©—N G o-Na"
]k Hi
aln [In-]

During the acid base titration [H*] changes, i.e. pH changes
(low < high); and the pH varies rapidly at the end point.

As the pH changes rapidly the quotient in the latter equation
should change rapidly as well. Thus the ratio,

[HIn]

(In]

will change rapidly, giving a color change. It is a finite ratio.

HIn+H,0 =In"+H,0"

_ A,
M [HIn
-k, [HInl
[HT=Kyn (]
- in
pH =pKy,, +log [Hin]
pH (acidic) = pKy, + 10g(1/10) = pKy, — 1
PH (basic) = pKyy, +10g(10) = pKyy, +1

color change range = pK,,, =1 pH range of indicator.

This range can change with temperature, ionic strength,
solvents, colloidal particles, etc.



Tahle 12-4 | Cummin Indicators

Tramsition Acid Hase

Trlicatur range (pH) edar color Preparation

Methyl violet no-16 Vellow Violet 005 wi % in H,0

Cresol red 02-1% Red Yellaow 0.1 gin 26.2 mL (.01 M NaOH
Thes add 225 mi H,0

Thyml Bos 12-2% Red Yellow 0.1 gin 215 ml 001 M NaOH,
Them sdd ~228 ml. HyOn

Cresol purple 12-2% Red Yelbow 0.1 gin 26.2 mL (.01 M NaOH
Them add =225 mil. HyO

Erytheosine, 22-34 Ornge Red 0.0 w1 % i O

disodium

Meihyl orange EY R Red Velbow 0w 0

Congo red 30-50 Vicket Red 00wt

Etbyl orange pESt ] Red Yelbow 1wt % in H,O

Hrmcresol groes 1554 Vellow lue 0.1 gin 14.3 mL ) M NaOH
Thes add —225 ml. H,0

Methyl red 4580 Red Yelkow 0.02 g in 60 ml. eshased,
Then add 40 mil. H,0.

Chlorophesal red 4564 Yellow Red 0.1 gin 23.6 mL 001 M NaOH
Then st —225 mi. H.0.

Bromeosresol purple 5364 Vellow Purple 0.0 gin 18,5 ml (01 M NsOH

Then add X5 mL Hyh

Ideal Acid-Base Indicator pKy,

12
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o
]
B
7
E
5
PK, ===t e e ==
4
_________________ H,A Charge
3 i I A\ ‘ omitted
2k | I 1 J
] \". ] 2 A
1 tIIIIIIIIIIIIIlIIIIIIIIIII
2 4 6 8 10 12 14 16 18 20 22 24 26
v, (mL)

More basic site neutralized earlier in the reaction.

Table 12-4 (continued)  Consmen indicatnr

Transition Ackd Base
Indicator rumge (phl) colar cobar Preparution
-Nitruphenol 3616 Codorbess. Vellow 1wt i HO
Limus 080 Red Bl 01wl i H,0
Bromothymol blue H0-ThH Yellow Hlue 0.1 gin 160 ml 001 M NaOH
Then sdd 225 ml.
Phemol red aA-Ri Vellow Red 0.1 gin 28.2 mL 0.0 M NaOH
Then add ~225 mL. H,0
Neutral red BE-R Red Vellow 041 g in 50 mL. cthanal,
Then add 50 ml. H,0
Cresol red T2HE Yellow Red See stove,
n-Maghtholphehalein TIRT Pk Groen 11 g in 50 mL ethanal
Then add 50 mal. 0
Cresol purple Te42 Vellow Purple See shove.
Thymol blue EO-00 Yellow Blue See sbove.
Phenclphihalein 2006 Colorless Red 0.0 g in S0 mL. ethanal,
Then add 50 ml. Hy0
Thymalphisalein £3-105 Cobarbess Tlve 044 g in 50 mL. cthanol,
Then add 50 sl H,0.
Alizarin yellow 10.1-120 Yellow Owange-red 001 wt % in H,0
Mitrmmine [LENET Coboriess Chmnge-bevswn 0,1 g in 70 mL. ethanal,
Then add 30 ml. H,0
Tropaeolin € 101=127 Vellow Oange 01wt % in W0
e Bromocresol purple,

Bromocresol green,
transition range

transition range
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Figure 3. Tiration of malonic acid with KOH: (a) without
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o
ra b
al
@b

consideration of act
data (erosses).

Stronger acid/base, higher concentrations ~ sharper end points Chem. Educator 2002, 7, 339.346

"
1 500 —
+]
pK,=3.13 :; o Hydroxybenzene
pK,=4.76 >
_ 100 |-
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. S -0
] E
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Figure 4. Titration of citric acid with KOH: (a) without consideration k] 0.4 mL
of activity coeflicients (hlue curve), (b) with consideration of activity § T 1100 1 |
coeflicients (red curve). and (c) experimental data (crosses). £o Volume of titrant
Chem. Educator 2002, 7, 339.346
Amino acids: Note: the ‘3’ species CH,
+
H3N COOH & + H' pK,,=2.34
CH, CHj, H
+ H,A* iproti
H2N+COOH H3N4’—COO- 2 iprotic HA
H H CHs
Zwitterion H,N coo + W pK,,=9.87
electrically neutral u
A_

Amphiprotic HA



[HAI [HA]

CH, CHj
H3N+coo' + H > HsN%COOH
H H
pK,,=11.66
CH, CHs
H;;NL‘»COO- = HzNJrCOO_ o
H H
A] pK,,=9.87
amphiprotic

[HAT#[A]

Equations for the calculation of pH at Isoionic point:

H,A* =HA+H" Ka
HA =A +2H  KuKy
H,0=0H +H" K

w

MB: Cia =[H, A ]+[HA]+[A"]

cB [H']+[H,A"]=[OH]+[A"]

Amino acids:

CH, CH,
H2N+COOH H3N+4'—COO'
H H

Zwitterion
electrically neutral species with charged centers

CH, CH, CH,
. )
H3N—‘>COOH - HsN;‘—COO HHQN—‘*COO_
H H H
H,A* HA A

amphiprotic

Isoionic point (pH): pH of pure neutral amino acid
(neutral zwitterion) in aqueous solution.

A solution of pure amino acid (HA) is amphiprotic.
The pH of such an amphiprotic species of formal
concentration F is given by;

FHs /K K, F+K, K
H3N+ coo [H+]= 1a’ “2a 1a” *w
4H‘> K1a+F

Note: [H,A*] # [A- ], in general; with [H*] from above eq.
they can be calculated using the pK, values of H,A*.

CH.
Note: no approximations here!! HaN’ﬂLCOOH
H
Amino acids:
Seall Macleaphilic
L £ L : I
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Isoelectric point (pH): pH at which average charge
of the polyprotic acid is zero.

i.e. [H,A*] = [A- ], because zwitterion/amphiprotic
species is neutral.

Eg. For alanine of 0.10M (isotonic, pure alanine);
[H,A*]= 1.68x105,  [A]=1.76x10"°

So, needed to add a little acid to the 0.10 M
solution of pure alanine to bring to the isoelectric point.



Calculation of Isoelectric point of an amino acid:

[H,A"

| [HAI[H")

K

la

10-PH

2 0.006 |~

0.012

0.010

0.008 i~

0.004 |~

0.002

Gran Plot:
Acid-base titrations

! Slope = —Ka%’:t'i‘
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