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Abstract Refractive index is an important parameter who indicates the material information. In chemistry, biology,
medicine and other fields, the samples are usually made of low concentration solutions for chemical or physical
reactions, from which various properties and parameters of the samples are determinated by detecting small changes
of the refractive index of the solutions. So that, a kind of laser measurement method for liquid refractive index is
presented based on surface plasmon resonance (SPR) and phase detection. The theoretical analyses indicate that
the phase difference change between p and s polarization components of the reflected light is almost linear with
the fluctuation of the refractive index at the range of 1.333~1.336. Thus the measurement equation is derived.
Corresponding refractive index measurement system is built based on a heterodyne interference optical path using
a dual-frequency laser. The system has strong anti—interference ability because of the common light path and high
precision because of using phase measurement. The experimental results of measuring glycerine solution refractive
index are consistent with the theoretical analysis, and agree with the results of another method, where the error
between each other is less than 2.0x10°. The method can be widely applied in the fields of biological detection,
chemical analysis, medical diagnosis, pollution research and so on.
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Fig.1 Reflectivity of p polarization components of the reflected light versus the incident angle at different thicknesses of the gold film
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Fig.2 (a) Phase of p and s polarization components of reflected right versus incident angle;

(b) phase difference change between p and s polarization components of reflected right versus the refractive index
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index; (b) error due to the non-linear relation between the phase difference change and the refractive index
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Fig.4 Schematic of the liquid refractive index measurement system configuration using SPR sensor
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Fig.5 Experimental curve of the measurement of the refractive index of glycerine solution
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Table 1 Values of the phase difference at different concentration of glycerine solution

Average phase Standard deviation Average phase Standard deviation
Concentration /% Concentration /%
difference /(°) /(°) difference /(°) /(°)
O(pure water) 178.144 0.006 1 165.423 0.010
0.1 176.888 0.012 1.5 159.125 0.010
0.5 171.792 0.013 2 152.970 0.010
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Table 2 Measurement comparison of the refractive index of glycerine solution

+1.333. (6)

Average phase n—1.333 Error between two
Concentration /%
difference /(°) By presented method By Ref[35] methods
0.5 171.792 0.000708 0.0007 0.8x107
1 165.423 0.001418 0.0014 1.8x107
1.5 159.125 0.002120 0.0021 2.0x107°
2 152.970 0.002806 0.0028 0.6x107°
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