Supporting information 1: Dispersion relations

The dispersion relation is a mathematical equation that describes how the refractive index (RI) of a
medium varies with the wavelength. As Rls of liquids are typically measured at specific wavelengths, the
dispersion relation helps interpolate the data, extending the applicability of the dataset beyond its original
data points.

To select the optimal equation to describe the dispersion relation for suspension liquids of
extracellular vesicles (EVs), we have measured the RI of Dulbecco’s phosphate buffered saline (DPBS),
saline and water at seven wavelengths and fitted 33 functions. Fitting was performed using least square
fitting in Excel. We evaluated the functions based on (1) the largest difference between a data point and
the fitted equation, (2) the residual sum of squares (RSS) between the equation and the data, (3) the
number of variables of the equation, and (4) the quality of the fit.

The first fitting criteria, the largest difference, was selected to be below 1 X 107%. A larger
difference between the data point and the fitted equation would be a result of poor quality of fit and
unnecessarily increase the measurement uncertainty of the interpolated fit. Second, the RSS of the
selected equation was below 1 X 1077, A lower RSS results from better fitting of the data points to the
equation. Third, the number of variables influenced the quality of fit. Equations with 3 variables were not
selected due to low quality fitting, as well as equations with 6 variables, as these equations were
overfitting the data. For equations 24-27, 30, 32 and 33 the number of variables was taken as the first
criteria. Fourth, to prevent selection of an overfitted equation, the equations were plotted together with the
data. In case of overfitting, the data points were not plotted on the fit of the equation, but rather on a sharp
spike in the fitted equation for at least one of the datasets. This spiking occurred to equations meeting the
selection criteria which had 5 variables. In case the equations passed these selection criteria for the
datasets of DPBS, saline and water, the other datasets were fitted until one of the criteria was not met. The
selected equation, equation 16, was the only equation that met the criteria for all datasets except one. The
dataset of BD sheath fluid had a largest difference below 2 x 10™*. Table S1 shows the equations and
their compliance to the selection criteria. The sources containing these formulas are: (1) Bass M,
DeCusatis C, Enoch J, Lakshminarayanan V, Li G, Macdonald C, Mahajan V, Van Stryland E. Handbook
of optics, Volume II: Design, fabrication and testing, sources and detectors, radiometry and photometry.
McGraw-Hill, Inc.; 2009., (2) Kingslake R. Lens design fundamentals. Elsevier; 2012., (3) Palmer JM.
Models for Fitting Refractive Index. 2005:8. Available at: https://wp.optics.arizona.edu/jpalmer/wp-
content/uploads/sites/65/2017/03/dispeqns.pdf., (4) Zernike F. Refractive indices of ammonium
dihydrogen phosphate and potassium dihydrogen phosphate between 2000 A and 1.5 p. JOSA
1964;54:1215-1220., and (5) Smith WJ. Modern optical engineering: the design of optical systems.
McGraw-Hill Education; 2008.

Then, the dispersion coefficients were calculated for equation 16 for each of the datasets. Table
S1.2 shows the dispersion coefficients of the datasets for equation 16. The increase in largest difference
for the BD sheath fluid dataset could be the result of the reduced value for the fourth dispersion
coefficient compared to the other datasets.



Table S1: Equations of dispersion relations with (1) the largest difference between a data point and the fitted
equation (A), (2) the squared sum of the residuals (RSS), (3) the number of variables (i) and (4) the quality of fit for
the worst result of datasets measured in Dulbecco’s phosphate buffered saline (DPBS), saline or water.
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Table S1.2: Dispersion coefficients filled in for equation 16 for the liquids often used in extracellular vesicle flow

cytometry.

Liquid

Dispersion constants

A

B

Water

DPBS

Saline

DPBS + BSA

DPBS + trehalose

DPBS + trehalose + BSA
BD Sheath fluid

100-fold diluted plasma
140-fold diluted plasma
300-fold diluted plasma
10-fold diluted PEVTES
30-fold diluted PEVTES
100-fold diluted PEVTES
300-fold diluted PEVTES

1.78685001
1.77611183
1.78333730
1.79202170
1.83328544
1.76666375
1.76476979
1.76794520
1.77704491
1.78931881
1.78871707
1.78527242
1.77145188
1.77306895

-4.73643733e-2
-2.32547738e-2
-3.44713547e-2
-4.73567401e-2
-2.55572202e-2
-1.20260195e-2
-1.76078914e-2
-1.24005294e-2
-2.45597128e-2
-4.51341088e-2
-3.61296939¢-2
-3.48507743¢-2
-1.93068021e-2
-2.15006721e-2

. 85725893e-3
. 33441896¢-3
.93291422e-3
. 45868406¢-3
. 98098540¢-3
. 12287687¢-3
. 29645786¢-3
.96070937e-3
. 76563124e-3
. 67093720e-3
. 10901623e-3
. 68317300e-3
. 06422119e-3
. 53724413e-3

3.00086689%¢-1
2.05080232e-1
2.63665657e-1
3.24259955¢e-1
1.51984165e-1
9.51541367e-2
9.96016015e-11
-3.36940159¢-6
1.70434898e-1
2.50438678e-1
1.88534612e-1
-2.11679741e-1
1.03819576e-1
1.34788137e-1

BD: Becton Dickinson , BSA: bovine serum albumin, DBPS: Dulbecco’s phosphate buffered saline, PEVTES:
plasma extracellular vesicle test sample



