BUNSEKI KAGAKU Vol. 53, No. 1, pp. 1-6 (2004)
© 2004 The Japan Society for Analytical Chemistry

X

ME7O-—HBEAMEZORRLBREERTENDICA

AN

T CR I S SN

= — 1
= —

ST, A

Development of a micro-flow titration method and application to acid-base titration
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A flow titration analysis method based on flow ratiometry was developed in this study from the
viewpoint of simplicity, rapidity, automation, and cost efficiency. Sample and titrant solutions
react while the solutions are continuously propelled by individual pumps at different flow rates.
The flow rates are accurately controlled and changed independently, and the color change of an
indicator gives an equivalent point. The concentration of analyte was determined by using the
ratio of the flow rate and the equivalent point. The fundamental properties of the flow titration
method were evaluated through acid-base titration, and compared with the conventional manual
titration. When Phenolphthalein or Cresol Red was used as an indicator added in either the
sample solution or the titrant solution, linear calibration graphs were obtained for all titrations
examined, including strong and weak acids. The proposed method was applied to the titration
of carbonate salt using Bromocresol Green and Phenolphthalein. Two isolated end-points were
obtained in one sequential measurement corresponding to carbonate and bicarbonate ions.
The proposed titration method was applied to the analysis of commercial vinegar samples. The
results agreed well with the ones obtained by the conventional titration method; the relative
standard deviations for the end point were within 0.3%. The volume of wastewater per one
measurement can be reduced down to about 100 ul by the proposed method, while a practical

method requires about 50 ml.

Keywords : flow titration analysis ; flow ratiometry; acid-base titration.
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Fig. 1-1
Phenolphthalein as an indicator
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Calibration graphs for potassium hydrogen phthalate and acetic acid with

Sample: a) potassium hydrogen phthalate, b) acetic acid; Flow A: titrant, 1.000 X 10 * M
NaOH;; Flow B: Sample; Indicator: 2.0 X 10" ° M phenolphthalein (added in the sample
solution); Reaction coil: 50 cm long, 0.5 mm i.d; Total flow rate: 100 ul minfl; Gradient
change of flow rate: 0.167% s '; Titration mode: double linear gradient mode
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Fig. 1-2 Calibration graphs for potassium hydrogen phthalate, acetic acid, and hydrochloric acid with Cresol Red as

an indicator

Sample: a) potassium hydrogen phthalate, b) acetic acid, ¢) hydrochloric acid ; Other conditions are the same as in

Fig. 1-1
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Fig. 1-3 Calibration graphs for potassium hydrogen phthalate, sulfuric acid, and phos-
phoric acid with phenolphthalein as an indicator

Sample: a) A, sulfuric acid, [, potassium hydrogen phthalate, b) &, phosphoric acid, [],
potassium hydrogen phthalate ; Other conditions are the same as in Fig. 1-1
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Fig. 2 Titration curve and differential curve obtained
by continuous flow titration method

a) absorbance, b) differential curve for absorbance, c)
ratio of flow rate; Sample: 1.0 X 10 * M potassium
hydrogen phthalate; Titrant: 1.0 X 10" * M NaOH,
Indicator: 1.0 X 10 ° M phenolphthalein (added in
the sample), Reaction coil: 10 cm, 0.5 mm i.d., Total
flow rate: 50 pl min ', Gradient change of flow rate:
0.083% s '; Titration mode: double linear gradient
mode
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Fig. 3 Calibration graphs for sodium carbonate with hydrochloric acid as a titrant

a) second equivalent point for Na;CO; determined with Bromocresol Green, indicators
used are: [], Bromocresol Green; O, Bromocresol Green + phenolphthalein; b) first
equivalent point for Na;COs determined with phenolphthalein, indicators used are: [],
Phenolphthalein, O, Bromocresol Green + phenolphthalein; Sample: Na,COs, Titrant:
1.0 X 10" * M HCI, Indicator: 1.0 X 10 > M Bromocresol Green + 2.0 X 10 ° M phenolph-
thalein (both indicators are added in the titrant), Reaction coil: 50 cm, 0.5 mm i.d., Total
flow rate: 100 ul min "', Gradient change of flow rate: 1.111% s '; Titration mode: single
linear gradient mode
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Table 1 Analytical results for the determination of acid in vinegar samples by conventional titration method and pre-

sent flow titration method”

[acetic acid] /M

Vinegar sample

Labeled value Conventional titration (n = 5) Micro-flow titration” Micro-flow titration
1 0.75 0.760 £ 0.000 0.76 = 0.02 0.75 £ 0.01
2 0.70 0.712 £ 0.001 0.72 = 0.00 0.72 = 0.00
3 0.75 0.774 = 0.001 0.79 = 0.00 0.78 = 0.00
4 0.75 0.761 £ 0.002 0.79 = 0.00 0.78 = 0.00
5 0.75 0.770 £ 0.001 0.79 = 0.00 0.79 = 0.00
6 0.70 0.731 = 0.001 0.79 = 0.00 0.79 = 0.01
7 0.75 0.784 £ 0.001 0.75 = 0.02 0.76 = 0.02
8 0.83 0.836 = 0.001 0.85 = 0.00 0.85 = 0.00
9 0.58 0.544 = 0.002 0.54 £ 0.00 0.55 = 0.00
10 1.18 1.209 = 0.001 1.22 = 0.00 1.22 = 0.00
11 1.18 1.190 = 0.001 1.20 = 0.00 1.20 = 0.00
12 1.00 1.009 £ 0.001 1.00 = 0.00 1.01 = 0.00

a) Vinegar samples were diluted to 1/100 before titrations. Titrant: 1.000 X 10 *M NaOH, Reaction coil: 50 cm long, 0.5 mm i.d.,,

1

Total flow rate: 100 pl min~', Gradient change of flow rate: 0.167% s~
[Phenolphthalein]: 2.0 X 10 ° M, added in the sample solution, n = 3; ¢) Cresol Red is

Phenolphthalein is used as an indicator.
-5

used as an indicator.
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