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The development of a spectrophotometric method using fuzzy theory
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Thesis Abstract: At present, there is no direct concentration measurement method.
Therefore, to measure the concentration of solution, an indirect measuring method is
employed. After that, the measured value is converted to the concentration. In general, a
spectrophotometer, which is a light absorbance measurement device, is used to measure the
concentration of solution. The light absorbance measurement is one of the most efficient
methods to measure the concentration of solution. To calculate the concentration by using the
light absorbance, a spectrophotometric method is usually employed. In a pure solution case,




the concentration is calculated by linear regression analysis based on the Beer-Lambert’s law.
The linear regression analysis can offer the relationship between light absorbance and
concentration of solution. In an ideal case, the calculated result is perfectly matched, because
of the linear relation between light absorbance and concentration of solution. However, in the
deviation case from the Beer-Lambert’s law, the light absorbance is not proportional to the
concentration of solution. Therefore, some errors are occurred in calculated concentration
result. Especially, in the mixture solution case, the error affects the calculated concentration
result of all components. For this reason, this research focuses on the reduction of the error
by approximating the calculated concentration to an ideal concentration as much as possible.
The error is reduced in multi-component case as well as pure solution case.

Until now, many spectrophotometric methods have been proposed for multiple component
cases. However, some previous methods depend on the spectrophotometer and the condition
of the solution. For this reason, the aim of this work is to design a multicomponent analysis
system that can be used in all spectrophotometers without specific conditions. Concretely, by
using fuzzy theory, the proposed method performs the linear interpolation in different range
of boundary points. In other words, the concentration is expressed as a piecewise-linear
function. Thus, the proposed method can reduce the error from existing methods.

To develop a novel multicomponent spectrophotometric method, this research starts from an
analysis of the spectrophotometric method of the pure solution in section 2, where a light
absorbance calculation, a light absorbance measurement, Beer-Lambert’s law are discussed.
Then, we compare existing multicomponent spectrophotometric methods in the case of 2
components. In section 3, we propose a novel spectrophotometric method using fuzzy theory.
The novelty of the proposed method is clarified by explaining the difference between the
existing method and the proposed method. After that, in section 4, we clarify the
characteristics of the proposed method by using the computer simulations, and compare the
proposed method with existing methods in the ideal case and the deviation of Beer-Lambert’s
law case. Furthermore, the proposed method is compared with the existing method in
experiments by using the light absorbance obtained from a spectrophotometer. Section 5 is
the summary and future work of this research.
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