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Notes on measurement error by non-ionic
detergent in a pH test strip

Yuji Suzuki

Summary Measurement error by non-ionic detergent for measuring pH by a test strip was inves-

tigated by an experiment and a calculation based on chemical equilibrium. It was found that the

measurement error depends on the pH, the concentrations of pH indicator and detergent, the ratio of

the absorptivities of the undissociated and dissociated molecules of the pH indicator. In the presence

of the non-ionic detergent (Brij 35, Triton X-100), a negative error was generated. The measurement

error increases with increasing the detergent concentration and decreases with increasing the pH.

Key words: pH measurement, pH indicator, Test strip, Measurement error
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10°mol/L, C=1X10"=6>10"mol/L.
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Fig. 1 Effect of Brij 35 on the absorption spectra of
bromocresol green (experimental result).
1B: absorption spectrum at pH 4.0 in the absence
of Brij 35
1P: absorption spectrum at pH 4.0 in the presence
of Brij 35
2B: absorption spectrum at pH 5.6 in the absence
of Brij 35
2P: absorption spectrum at pH 5.6 in the
presence of Brij 35
The final concentrations of Brij 35 and BCG are
0.4 g/L and 8 X 10° mol/L, respectively. The
absorption spectra were measured against purified

water.
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Fig. 2 Relationship between the measurement error at

different pH and the Brij 35 concentration (exper
imental result).

The BCG concentration in its working solution is
610 mol/L. The Brij 35 concentration is the
final one.

Measurement error = A pH=pHx—pHs

pHa: apparent pH in the presence of detergent,
pHe: pH in the absence of detergent. O: pH4.0,
A\: pH4.4, [J: pH4.8, 1 pHS.2, X: pH5.6.
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Relationship between the measurement error at

Fig. 3
different pH and the Triton X-100 concentration
(experimental result).

The BCG concentration in its working solution is
6>107 mol/L. The Triton X-100 concentration is
the final one.

Measurement error = A pH=pH.—pHs

pH.a: apparent pH in the presence of detergent,
pHs: pH in the absence of detergent. O: pH 4.0,
A:pH4.4,[J:pH 4.8, O: pH 5.2, X: pH 5.6.
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Effect of the pH indicator concentration on the

0.8

measurement error in the presence of Brij 35
(experimental result).

The measurement was performed using the buffer
solution of pH 4.0.

BCG concentration: 6 X 10° mol/L (O), 8 X 10
mol/L (), 10X 10° mol/L ([)).

0 02 04 0.6

Brij 35 concentration
/8/L

Comparison of the measurement error by Brij

0.8

35 when the pH measurement was performed
by BPB, BCG and BCP (experimental result).
The pH indicator concentration in their working
solution was 6 X 10° mol/L. The ApH is the
measurement error at pH 4.0 for BPB, at pH 4.8
for BCG, and at pH 6.4 for BCP.

O: BPB, A: BCG, []: BCP.
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Fig. 5

Fig. 7
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Effect of the pH indicator concentration on the
measurement error in the presence of Triton X-
100 (experimental result).

The measurement was performed using the buffer
solution of pH 4.0.

BCG concentration: 6 X 10° mol/L (O), 8 X 10°
mol/L (), 10X 10° mol/L ([J).

_1.5 L L L
0 0.2 0.4 0.6 0.8
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Comparison of the measurement error by Triton

X-100 when the pH measurement was performed
by BPB, BCG and BCP (experimental result).
The pH indicator concentration in their working
solution was 6 X 10° mol/L. The ApH is the
measurement error at pH 4.0 for BPB, at pH 4.8
for BCG, and at pH 6.4 for BCP.

O: BPB, A: BCG, [J: BCP.
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Fig. 8 Relationship between the concentrations of the
chemical species and the detergent concentra
tion (calculated result).

Calculation condition: pKp=4.67, Ksip=10"’,
G=8 X 10° mol/L, pH 4.8. O: [HD], A: [D],
[J: [SHD], X: [HD]+[SHD].

HD is the undissociated molecule, D™ the disso
ciated molecule, SHD the pH indicator/detergent
complex.
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Relationship between the measurement error and

Fig. 9
the detergent concentration at different pH(calcu
lated result).

Calculation condition: pKy=4.67, Ksin=10"",
G=8X10"mol/L, & »n=29,412 Lmol'cm™,

£ ps=2,450 Lmol’ecm™, & wps=14,375 Lmol'cm,
e un=775 Lmol'cm’, € sps=14,375 Lmol'cm™,
e so=775 Lmol'cm™, O: pH 4.0, A: pH 4.4,
[J: pH 4.8, : pH 5.2, X: pH 5.6.
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Fig. 10 Effect of the pH indicator concentration on the
measurement error in the presence of detergent
(calculated result).

Calculation condition: pKp=4.67, Ksi=10"",
pH 4.8, € 1:=29,412 Lmol'cm”, & ns=2,450
Lmol'em”, e ws=14,375 Lmol'em, & smn=775
Lmol'cm”, £ s0s=14,375 Lmol'cm’, & spi=775
Lmol'em™.

1: G=2X10"mol/L, 2: Co=4 X 10°mol/L,

3: Go=8 X 10°mol/L.
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Fig. 11 Relationship between the measurement error and
the equilibrium constant (Ksup) (calculated result).
Calculation condition: pKp=4.67, Ksin=10*(O);
10*(2); 107%(L), Go=8 X 10"mol/L, pH 4.8,
em=29,412 Lmol'cm’, & ps=2,450 Lmol'cm”,
e ups=14,375 Lmol'cm”, & upe=775 Lmol'cm™,

e sps=14,375 Lmol'cm”, & su.=775 Lmol'cm’
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Fig. 12 Relationship between the measurement error
and the ratio of the molar absorptivities of the
chemical species (calculated result).

The ratio of the molar absorptivity iS R= & s/ € pL.
The calculation was carried out while changing
only the e ups. ¢ ot molar absorptivity of the
dissociated molecule of pH indicator. & ups: molar
absorptivity of the undissociated molecule of pH
indicator.

Calculation condition: pKp=4.67, Ksuw=10",
G=8X10°mol/L, pH 4.8, € n=29,412 Lmol'cm,
€ ps=2,450 Lmol'cm”, € ups=RX & p. Lmol'cm™,
ew=775 Lmol'cm’, & sps=14,375 Lmol'cm’,
€ so=775 Lmol'cm™.

R=0.2 (0); 0.6 (A); 1.0 ((); 1.4 ().
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Relationship between the measurement error and

Fig. 13
the dissociation constant of the pH indicator
(calculated result).

The calculation was carried out while changing
only the dissociation constant of the pH indicators
with pKp values of 3.98, 4.67 and 6.30. The
measurement error is calculated at pH 3.98 for
pK»=3.98, at pH 4.67 for pKy»=4.67, and at pH
6.30 for pK»=6.30.
Calculation condition: pK»=3.98 (O); 4.67 (A);
6.30 (L), Ka=10"*, G;=8X10° mol/L,
em=29,412 Lmol'em”, & ps=2,450 Lmol'cm™,
e ms=14,375 Lmol'cm”', & wo=775 Lmol'cm”,

& sps=14,375 Lmol'cm”, & su=775 Lmol'cm’
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