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Abstract

This study employs digital holographic microscopy technology to achieve high-precision measurement
of refractive indices in mixed inorganic salt solutions using the average phase difference method.
The objective is to investigate whether refractive index changes during electrolyte solution mixing
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follow linear weighting patterns and to verify the existence of ion antagonism effects. By construct-
ing a transmissive off-axis digital holographic system and designing three experimental catego-
ries—equal volume with variable concentration, equal concentration with variable volume, and dif-

ferent ion systems—the refractive indices of mixed solutions such as NaCl, KCl, CaCl;, were system-

atically measured. Concurrently, three theoretical models (volume fraction weighting, molar frac-
tion weighting, and concentration weighting) were established for predictive comparison. Results
indicate that the volume fraction weighting model exhibits the highest agreement with measured
values, demonstrating the most stable and reliable prediction for mixed refractive indices. Molar
fraction weighting follows, showing deviations in systems containing strong hydration or high-va-
lence ions. Concentration weighting demonstrates the largest errors, even becoming completely in-
valid in experiments with equal concentration and variable volume. Some systems (e.g., NaCl-CaClz)
exhibit significant nonlinear behavior or negative refractive index deviations, which are hypothe-
sized to originate from ion competition, hydration shell structure changes, and concentration-de-
pendent activity coefficients. This study elucidates the non-ideal behavior of refractive indices in
multi-salt mixed systems and its underlying mechanisms, providing critical references for refrac-
tive index model development in electrolyte solutions and the expanded application of digital hol-
ographic liquid detection technology.
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Figure 1. Off-axis digital holographic microscope transmission optical path system
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Figure 2. Hologram and its magnified version (a), spectral images of the low-pass filter before (b) and after (c), reconstructed
intensity (d), and expanded phase (e)
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Figure 3. Phase distribution curves of solutions at different concentrations
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Figure 4. Optical path diagram
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Figure 5. Linear fitting of refractive index and concentration
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Figure 6. Refractive index variation with varying KCl concentration (NaCl-KCl1 system)
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Figure 11. Refractive index variation with varying NaCl volume fraction (NaCl-CaClz system)
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