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Abstract

We developed a method to measure the concentration of highly concentrated colored samples using color coordinates. We
present a color analysis to estimate the concentration of highly concentrated binary solutions with an empirical function and
apply it to estimate the kinetics of a catalytic irreversible reaction of resazurin to resorufin. The developed method enabled
one to measure the concentration of solutions whose range of concentrations is nonlinear and beyond the limit of UV-vis

spectroscopic measurement directly without dilution.
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Table 1. Concentration of Mixture of RZ and RF for Color Analysis of Highly Concentrated Solution

Total conc. (uM) 200 400 600 800 1000
Ratio of RZ (%) RZ:RF (uM:uM)

0 0:200 0:400 600:0 0:800 0:1000

20 40:160 80:320 120:480 160:640 200:800

40 80:120 160:240 240:360 320:480 400:600

50 100:100 200:200 300:300 400:400 500:500

60 120:80 240:160 360:240 480:320 600:400

80 160:40 320:80 480:120 640:160 800:200

100 200:0 400:0 600:0 800:0 1000:0
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Figure 1. UV-visible spectroscopy of RZ (blue dot) and RF (red
triangle) and their linear relationship between concentration and
absorbance at low concentration range for RZ (blue dash line) and RF
(red dash line).
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Figure 2. Concentration estimation of highly concentrated solution
through color analysis: (a) color of mixtures of RZ and RF, (b) 3D
plot of relationship of color coordinate and the concentration of RZ
and RF: experiment (Red dot) and fitting (blue surface).
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Figure 3. Color analysis of reduction reaction of RZ with initial
condition of 200 pM of RZ, 9 mM of hydroxylamine, and 160.5 pM
gold NPs: (a) color change of solution (R = 50, 64, 67, 73, 75, 82,
85, and 86 at 0, 5, 10, 15, 20, 25, 30, and 35 min, (b) calculated
concentrations of RZ and RF through color analysis, (c) plot of the
linearized 2nd order reaction Kinetics.
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Figure 4. UV-vis spectroscopic analysis of reduction reaction of RZ
with initial condition of 200 uM of RZ, 9 mM of hydroxylamine, and
160.5 gold NPs pM 160.5: (a) UV-vis spectra of 20 times diluted
aliquots, (b) plot of the linearized 2nd order reaction Kinetics.
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