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Protein error of pH indicators with plural
visual-transition intervals

Yuji Suzuki

Summary The protein error of thymol blue (TB) with two visual-transition intervals with an acid
range from pH 1.2 (red) to pH 2.8 (yellow); alkaline range from pH 7.8 (yellow) to pH 9.5 (blue) was

investigated by an experiment and a calculation based on the chemical equilibrium of the protein error.

In the presence of human serum albumin, TB changed color from red to yellow at pH 1.1 and from blue

to yellow at pH 9.3. The color change was considered to occur by reacting with the monovalent disso-

ciated TB and the positively-charged protein to produce the complex not only in the acid range but also

in the alkaline range.
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Fig. 1 Change of the absorption spectra by human serum
albumin.

The absorption spectra were measured against
purified water. In the absence of protein (O: pH
1.1, A: pH 9.3), In the presence of protein (@:
pH 1.1, &: pH 9.3). The protein concentration in

a sample was 2 g/L.
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Relationship between the absorbance and the

pH.
The absorbance was measured against a reagent

Fig. 2

blank. Reaction in the acid range (O: 436 nm,
A\: 548 nm), Reaction in the alkaline range (@:
436 nm, A: 596 nm).

The protein concentration in a sample was 2 g/L.

human serum albumin.
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Fig. 4 Dissociation and color change of thymol blue.
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Thymol blue changes color in the pH range from 1.2 to 2.8 and in the pH range from pH7.8 to 9.5.
BH., BH and B* indicate the undissociated molecule, the monovalent anion and the divalent anion, respectively.
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Fig. 5 Relationship between the absorbance and the pH

Absorbance

when Kpe<Kren (calculated result).

The absorbance was calculated against a reagent
blank.

Reaction in the acid range (O: 436 nm, A: 548
nm),

Reaction in the alkaline range (@: 436 nm,A:
596 nm).

Calculation condition: Kesn=10°, Kes/Kesn=0.01,
Cx=5.8X10° mol/L, CGy=4X10" mol/L.
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Relationship between the absorbance and the pH

Fig. 6
when Krs>Keen (calculated result).
The absorbance was calculated against a reagent
blank.
Reaction in the acid range (O: 436 nm, A: 548
nm),
Reaction in the alkaline range (@: 436 nm,A:
596 nm).
Calculation condition: Kesn=10°, Kps/Kpsi=10,
Cx=5.8X10° mol/L, Co=4 X 10" mol/L.
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Fig. 7 Relationship betweent the complex concentra-

tion and the pH (calculated result).

The solid line indicates the result when Kpsu=10°
and Kre/Kren=0.01, and the dotted line indicates
the result when Kesin=10° and Kps/Kesi=10. The
round mark (O) and the triangle mark (A)
indicate the complex I (PBH) and the complex Il
(PB), respectively. Cx=5.8 X 10° mol/L, Co=4 X
10” mol/L.
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Fig. 8 Relationship between the absorbance and the

protein concentration (calculated result).

The absorbance was calculated againt a reagent
blank.

Reaction at pH 1.1 (O: 436 nm, A: 548 nm),
Reaction at pH 9.3 (@: 436 nm, A: 596 nm).
Calculation condition: Kpsn=10°, Kps/Kpsu=0.01,
C=5.8X10° mol/L, Gv=4X10" mol/L.
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