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Abstract: Using orbital angular momentum beams in a Michelson interferometer opens the
possibility for non-invasive measurements of refractive index changes down to 10−6 refractive
index units. We demonstrate the application of a twisted light interferometer to directly measure
the concentration of NaCl and glucose solutions label-free and in situ and to monitor temperature
differences in the mK-µK range. From these measurements we can extract a correlation of the
refractive index to concentration and to temperature from a liquid sample which is in good
agreement with literature. Applying this type of twisted light interferometry yields a novel,
robust, and easily implementable method for in situ monitoring of concentration and temperature
changes in microfluidic samples.

© 2022 Optica Publishing Group under the terms of the Optica Open Access Publishing Agreement

1. Introduction

Michelson interferometry has been invented more than a century ago and has since been developed
from the basic principle [1] to high end technical applications which have most recently enabled
the detection of gravitational waves [2,3]. Technical advances to improve the resolution, for
example for displacement measurements, include the development of heterodyne interferometers
with 10 pm accuracy [4], homodyne interferometers resolving sub-picometer distances [5,6],
increasing the optical path length [5] or modulations of the signal [7]. This list is by far not
exhaustive but demonstrates the significant creativity that has been applied to improve this
technique to enhance the measurement power for multiple applications. However, obtaining
high resolution typically requires a significant amount of complex signal processing or added
components and a very precise control of the experimental conditions [8].

A novel twist to perform interferometry has been introduced by alternating the mode of the
incoming light source. Emile and Emile [9] have reported on an innovative way to perform
distance measurements by Michelson interferometry with Laguerre-Gauss (LG) beams containing
orbital angular momentum (OAM). An OAM beam has a helical wave front and a central phase
singularity [10–12]. It is important to note that the orientation of the electromagnetic field is
rotating and this is not a polarization effect. The photons carry orbital angular momentum [12]
and thereby give the beam a screw-like shape resulting in a LG or so-called doughnut mode [13].
The number of windings intertwined with themselves is referred to as the topological charge
ml of the beam [14]. This topological charge carries a sign which describes the direction the
beam is twisted in, also referred to as the helicity. OAM beams are applied in various fields
such as stimulated emission depletion (STED) super-resolution microscopy [15] and are highly
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investigated [16,17]. OAM beams can be engineered in various forms [17–19] but their use for
high-resolution interferometry is largely unexplored.

When two OAM beams with opposing helicity interfere, the resulting pattern resembles a
daisy flower, where the number of petals is twice the topological charge [9,20–23]. A phase shift
between the interferometer beam paths (by changing the optical length or the medium in the
beam path) results in a rotation of the flower pattern in the azimuthal plane. The rotation can be
quantified by using a charged coupled device (CCD) camera. So far, OAM interferometry has
been applied in the lab to measure displacement [9,24], rotation [23,25] and its potential has been
discussed theoretically in multiple studies [26–28], including for the possible enhancement in
gravitational wave detection [29,30]. Emile and Emile [9] reported on OAM interferometry for
length difference measurements and predicted a possible resolution of 44 pm. Later, Verma and
Yadav [26] proposed how a resolution of 3 pm could be theoretically achieved. This is only one
order of magnitude less sensitive compared to the resolution reached by high-end interferometers
[5] and thereby shows the great potential this relatively new approach can provide. It should be
noted that general limitations such as, for example, phase noise that apply to all interferometers
also apply to OAM interferometry and may even have a larger impact. These conceptual
limitations must be considered when comparing the potentially achievable performance of OAM
interferometry with high-end interferometers that employ sophisticated measures to improve
their resolution. However, our new approach bears the advantage that it offers a very simple and
inexpensive way to conduct very sensitive measurements of liquids in a normal laboratory setting
without relying on complex equipment such as vacuum chambers, spectrometers, clean-room
conditions or signal post-processing.

Motivated by the reports by Emile and Verma, we have applied OAM interferometry to measure
concentration or temperature changes of liquid samples. Both temperature and concentration of
a solution have an influence on its refractive index [31–33], which in turn causes a phase shift
that can be measured by interferometry. For biochemical applications, it is desirable to monitor
small variations in concentration [34] or temperature non-invasively, which is also true for many
chemical reactions or pharmaceutical production processes [35]. Concentration measurements
are commonly performed, for example, with electrochemical or spectroscopical means. The
best suited technique is thereby often dependent on the type of analyte. Optical approaches are
desirable to perform label-free, high precision measurements of concentration or temperature, in
particular for microfluidic or lab-on-a-chip applications, where in situ monitoring of concentration
gradients or temperature variances often presents a challenge. For large molecules, such as
DNA or proteins, concentrations can be measured in the nM range by absorption but for smaller,
uncharged particles this is not always feasible. Indeed, interferometric approaches have been
developed to perform concentration or temperature measurements [36] including measuring
fringes of monochromatic order [37], fringe shifts [38], or a phase-modulation [39]. These in situ
concentration measurements achieved sensitivities of refractive index unit (RIU) changes between
the order of 10−5 [37] and 10−8 [39]. Several more approaches can be found in literature [40–48],
including refractometry [49–52] with lower or similar resolutions. We perform measurements for
aqueous solutions containing NaCl or glucose and show that it is possible to measure micromolar
or 10−4 w% concentrations, independent of the character of the analyte. Specifically for glucose,
we are able to measure label-free in the micromolar range, which is challenging to achieve with
other methods [53].

2. Materials and methods

The OAM interferometer system is set up on an air-balanced laser table (Melles Griot, USA).
A Verdi V10 10 W laser (Coherent, USA) with λ= 532 nm was operated at 50 mW for all
measurements. The laser power was kept constant in all of our measurements to avoid refractive
index variations due to non-linear effects. Additionally, temperature control measurements were



Research Article Vol. 30, No. 16 / 1 Aug 2022 / Optics Express 29724

performed with a highly sensitive IR camera to exclude any undesired sample heating by the laser
beam. Standard laser mirrors (Thorlabs, USA) are used to guide the laser beams. A 50–50 beam
splitter (Thorlabs, USA) is used to split the beam. The entire interferometer is encapsulated
in an acrylic glass box (Thorlabs, USA) to avoid external disturbances, especially air flow and
temperature fluctuations. For the concentration measurements, the flow cell is filled with ddH2O.
Then a syringe pump (TSE Systems GmbH, Germany) slowly pumps through a NaCl or glucose
aqueous solution at a rate of 0.9 ml/min. 1 mL is pumped through the flow cell to ensure
complete liquid exchange, also considering the connecting tubes. After each measurement the
flow cell is thoroughly rinsed and filled with ddH2O again. The NaCl and glucose solutions
are prepared using ddH2O and pure NaCl and D-glucose (Sigma Aldrich, USA) without further
purification. Control measurements are performed using a UV-VIS absorption spectrometer Cary
5000 (Agilent Technologies, USA). For the temperature measurement ddH2O is heated up in a
heat bath and injected into a flow cell to cool down to room temperature. An infrared camera
(FLIR Systems, USA, AC655, 20 mK resolution) is used for control measurements of the flow
cell temperature.

3. OAM interferometer

We present an optical, contactless method to measure 10−6 refractive index unit (RIU) changes
of a liquid in a flow cell and temperature changes in the single mK range. To this end, we built
an interferometer based on interference of OAM beams. We realize OAM beams using spiral
phase plates (SPPs) (Vortex Photonics, Germany). The general working principle of a SPP is
demonstrated in Fig. 1(a). The SPP consists of fused silica and has an increasing thickness hs(θ)
depending on the azimuthal angle θ. We use spiral phase plates with 64 steps for an incoming
laser (continuous wave, λ= 532 nm) with ml = 3 or ml = 6. SPPs are composed of individual steps
and not a continuous smooth surface, due to resolution limits in manufacturing. However, for a
step number higher than 32, the conversion efficiency is comparable to a smooth surface [54,55].
Therefore, 32 is the minimum number of steps required for the SPP to not affect the measurement
accuracy. The SPP depicted in Fig. 1(a) has one section shifting the phase from 0 to 2π, meaning
it generates OAM beams with a topological charge ml = 1. This value can be any integer. The
phase shift ϕ experienced by the beam is dependent on the wavelength of the incoming beam λ,
the refractive index of the SPP nSPP as well as the refractive index of the surrounding medium n0,
the azimuthal angle θ, the lowest height h0 and the maximum height hs of the SPP [56]:

ϕ(θ, λ) =
2π
λ

(︃
(nSPP − n0)hsθ

2π
+ nSPPh0

)︃
. (1)

An incident laser beam with the respective wavelength and a Gaussian mode profile is
transformed into a beam with a Laguerre-Gaussian mode profile when transversing the SPP.
Images of the simulated mode profiles are displayed next to the respective beams in Fig. 1(a). A
schematic of the interferometer setup is shown in Fig. 1(b). The cross-section of the incoming
beam is enlarged by a beam expander to fully illuminate the SPP. The beam is then split by a
50–50 beam splitter (BS) into two arms. In one arm, a cylindrical lens is placed to invert the OAM
beam helicity. The resulting beam rotates in the opposing direction and the topological charge
changes in sign to - ml. It should be noted that the use of a cylindrical lens is not mandatory
to invert helicity and the lens could be replaced by other optical tools such as a dove prism or
a right-angle prism. Furthermore, other interferometer arrangements are possible, including
Mach-Zehnder configurations, where also the sign and magnitude of the topological charge of
OAM beams can be determined by self-referenced interference [57,58].

A flow cell that allows for liquid exchange during the measurement is placed in the other
interferometer arm. The resulting flower-shaped interference pattern is imaged with a CCD
camera. An example pattern for a SPP with topological charge ml= 3 is shown in Fig. 1(b).
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Fig. 1. SPP beam transformation and Michelson interferometer setup. a) Illustration of
the transformation of a Gaussian TEM00 beam by a SPP into a Laguerre-Gaussian beam.
b) Schematic of the Michelson interference setup. A 532 nm laser is first expanded by a
beam expander to fully illuminate the spiral phase plate. In one arm of the Michelson
interferometer a cylindrical lens (CL) turns the helicity of one arm. In the other arm a
flow cell containing the sample is placed. A CCD camera detects the resulting interference
pattern. The white arrow in the interference pattern indicates the rotation upon a phase shift
in the beam path. Each arm of the interferometer spans about 30 cm.

As mentioned before, OAM beams have a distinct topological charge ml, depending on
the number of windings within one section of λ·ml along the propagation direction [13]. As
shown in Fig. 1(a), a SPP with one section is introducing a phase shift from 0 to 2π across the
entire azimuthal angle θ of the SPP. This generates an OAM beam with ml = 1. The presented
interference pattern in Fig.1b results from OAM beams with ml = 3. Figure 2 shows SPPs of
higher order and the resulting OAM beams and interference patterns with topological charges
ml= 2, 3 and 6. If multiple sections introducing phase shifts from 0 to 2π are present within the
same SPP and each section only spans, for example, 180° of the SPP as shown in the upper row
for ml = 2, the generated OAM beam is of a higher topological charge. The resulting interference
pattern always has 2ml number of maxima or flower petals. For higher orders more phase shifting
sections are placed on the SPP. The higher the topological charge, the larger the central minimum
of the mode profile and the diameter of the doughnut [21,55]. The experimentally obtained
beam profiles are compared to simulated predictions and show identical intensity distributions.
A detailed mathematical derivation and description of the resulting interference field of OAM
beams can be found in literature [9,59].

The rotation of the interference pattern caused by a phase change in the optical path in one
of the interferometer arms is directly proportional to a change in refractive index as shown in
Eq. (2):

θrot =
360◦d∆n
λml

(2)

in which d is the optical path length in which the refractive index n changes and in our case the
inner thickness of the flow cell. The wavelength of the laser λ is always constant. The smaller
the topological charge, the larger the rotation of the individual petals [21,23]. In our experiments
we measure concentration or temperature change, which is related to ∆n, by measuring the
rotation of the interference pattern. The interference patterns are analyzed automatically in an
in-house developed analysis program which is further described in the Supporting Information
and illustrated in Fig. S1.

Before applying the interferometer to refractive index measurements, we examined the
fluctuations of the interference pattern without any sample present. Such fluctuations determine
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Fig. 2. SPPs generating OAM beams and interference patterns for ml = 2,3 and 6. For each
phase plate with topological charge ml the experimentally measured and simulated doughnut
beam as well as the interference pattern of two beams with opposing ml are shown.

Fig. 3. Noise of the measured rotation angle over time of the interferometer. a) The
interference pattern with no changes is recorded over 300 seconds. The grey bars indicate
the standard deviation of 0.128°. b) The change of rotation ∆θrot is plotted. Again, the grey
bars indicate the standard deviation of 0.03087°.
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the resolution of the setup and therefore need to be analyzed carefully. Figure 3 shows the
rotation angle θrot measured over time. The measurement is conducted with a frame rate of 25
frames per second. We observe that fluctuations occur on two timescales; on the order of minutes
and on the order of the acquisition frame rate. In Fig. 3(a), the slow component can be seen
clearly. Fluctuations within a standard deviation of 0.128° are observed. The slow component
has a period of more than 2 minutes and is caused by combination of environmental factors
in the laboratory such as table vibrations, air flow or small temperature fluctuations. The fast
component relates to the angle fluctuations measured from frame to frame. These fluctuations
stem from the image acquisition noise. To distinguish this component more clearly, the change of
the rotation angle ∆θrot from frame to frame is plotted in Fig. 3(b). The standard deviation in this
case is 0.0310°. A Fourier transform of Fig. 3(a) is included in the Supporting Information in Fig.
S2. This 0.128° uncertainty over time in the rotation angle sets the limit of our sensitivity and
corresponds to a change in the refractive index of 2.84 · 10−7 RIU. This limit will be considered
in the following measurements. Furthermore, the rotation angle θrot of the interference pattern is
tracked frame-by-frame, using a CCD camera. For two consecutive images, the rotation angle
θrot should thus be smaller than 360°/ml, with ml being the topological charge. For θrot = 360°/ml
the interference pattern repeats itself. The frame rate of the CCD camera should thus be sufficient
to resolve rotation angles θrot < 360°/ml.

4. Concentration measurements

In the first experiment, different NaCl and glucose concentrations are measured with two SPPs
of ml= 6 and ml= 3. The liquid flow cell placed in the interferometer path is first filled with
ultrapure water with a resistivity of 18.2 MΩ at 25 °C and a content of foreign matter less than
5 ppb, referred to as double distilled water (ddH2O). A dilution series of NaCl was prepared
ranging in concentration from 8 mM to 200 µM (further details are provided in the Materials and
Methods section). Each solution is placed in a syringe, which is connected to the flow cell by a
microfluidic channel. A syringe pump is used to minimize disturbances and allow a constant
flow.

The results for the NaCl measurements are presented in Fig. 4. A photograph of the flow cell
with the OAM beams and the interference pattern is shown in Fig. 4(a). The rotation angle θrot is
measured in response to the solution exchange in the flow cell. The video acquisition begins
1 minute before the syringe pump is started. This is to ensure a long plateau with no pattern
rotation and stable experimental conditions (see Fig. 4(b)). A selection of the measured curves
is shown to enhance clarity. The liquid mixes with the ddH2O in the flow cell, therefore the
concentration of NaCl gradually increases, detectable by an onset of the flower pattern rotation.
After the entire solution in the flow cell is exchanged the rotation stops and the interference
pattern stays at a constant angle. This is again recorded for ∼ 1 minute to extract a stable angle
value. As can be seen in Fig. 4(b), the turning slope is steeper for higher concentrations, since a
faster pattern rotation is induced due to the higher amount of ions injected in the flow cell.

From the rotation we calculate a change in refractive index according to Eq. (2). In Fig. 4(c),
the refractive index changes corresponding to different concentrations over several consecutive
measurements is shown. A linear fit is provided and represents our data accurately. The change
in refractive index and concentration can be directly correlated. Our results agree well with the
data reported from Tan et al. [33]. A comparison between the fit for our own data with the
empirical formula provided by Tan for the refractive index/concentration relationship of NaCl is
shown in the Supporting Information in Fig. S3.

Additionally, concentration measurements are performed with glucose solutions as a sample in
order to show the suitability of this method for non-ionic analytes. Glucose is of high biological
relevance. For example, diabetes patients need to perform measurements several times during a
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Fig. 4. Concentration measurements of NaCl in water and obtained changes of the refractive
index. a) Photo of the flow cell and indication of the OAM beam on the flow cell. By
combining the beam of the sample path and reference path, the interference pattern is created
and detected on the CCD camera. The flower pattern rotates as liquid is pumped through the
flow cell. b) Rotation angle θrot data over time for a selection of different NaCl solutions
in the microfluidic chip. c) Linear correlation of the change in refractive index and the
concentration of NaCl.

day. Currently, this is done by measuring glucose levels of blood samples but approaches to use
other solutions such as the ocular fluid [60] are investigated.

A dilution series of aqueous glucose solutions was prepared ranging from 5 mM to 50 µM.
Again, each of the solutions is connected to the microfluidic system via a syringe and then pumped
inside the flow cell using a syringe pump. SPPs creating OAM beams with the topological charges
ml= 3 and ml= 6 were used for the glucose measurements. For a smaller topological charge, the
rotation for a phase shift is larger. However, this also means that fluctuations are dependent on
the topological charge. Due to the relation described in Eq. (2), measurements with both SPPs
can be plotted on the same axis when multiplying the rotation angle θrot with ml. In Fig. 5(a),
this product is plotted over time for different concentrations of glucose. The flow cell was first
filled with ddH2O. Shortly after starting the pump, a rotation of the interference pattern is visible,
as shown in Fig. 5(a). After some time, a new plateau value is reached when the concentration
is constant again. The average pattern position of the plateau is calculated and considered for
the absolute value of the rotation. In Fig. 5(b), a linear fit is applied to the calculated change in
refractive index values, which again is in very good agreement with literature [31,33]. Multiple
measurements for the same concentrations were also performed to confirm the reproducibility
of the measurements (Fig. 5(b)). The inset shows the smallest refractive index change values
more clearly corresponding to the curves plotted in the inset in Fig. 5(a). The linear fit is also
representing this data range very accurately. Like for the NaCl data the literature values are
plotted and compared with the obtained results in the Supporting Information in Fig. S3.
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Fig. 5. Concentration measurements of glucose in water and obtained changes of the
refractive index. a) Rotation angle θrot data scaled with topological charge ml over time for
a selection of glucose solutions in the microfluidic chip. Inset showing measurements of
smaller concentration values. b) Linear correlation of the change in refractive index and the
concentration of glucose. Inset showing data points at low concentration.

Summing up the results of this measurement series, changes in the refractive index down to
10− 6 RIU can be detected non-invasively. This corresponds to a NaCl concentration of 200 µM
or a glucose concentration of 50 µM. Considering our resolution limit of 2.84 · 10−7 RIU, our
resolution limit in NaCl concentration is 37 µM (or 2.195 · 10−4 weight %) and for glucose 11 µM
(or 2.115 · 10−4 weight %). As mentioned before, this simple setup providing such resolutions
could be of great applicability in biological sensing or screening. The glucose levels in the ocular
fluid for a diabetes patient are at around 300 µM and for healthy patients at 160 µM [61], which
lies well within the resolvable range of our measurement. In contrast to OAM interferometry,
other methods with glucose sensors for more sensitive measurements would require fluorescent
labelling [53]. Using a standard UV-Vis absorption spectrometer for measuring NaCl and glucose
concentrations, we find that the smallest resolvable concentration is 10 mM, which is much higher
than the lowest concentration that can be measured with the OAM interferometer (Supporting
Information in Fig. S4).

5. Temperature measurements

So far, the application of OAM interferometry was demonstrated for measuring concentrations in
the µM range. However, these measurements require that the measured analyte is known. The
concentrations of different unknown analytes in a sample cannot be determined, since they would
all contribute to a refractive index change. For more complex fluidic samples and mixtures, the
OAM interferometer must be calibrated accordingly to account for all analytes present.

To address a more general experimental parameter, a second experiment was conducted
using the OAM interferometer for temperature measurements of ultrapure water (ddH2O). The
refractive index of water is temperature dependent. The thermo-optic coefficient (TOC) dn/dT
of ddH2O is in the order of magnitude of 10−4 RIU/°C [62–66] and therefore well within our
resolution range. To conduct the experiment, the ddH2O is first heated and then allowed to cool
down to room temperature. The process is monitored simultaneously with a high-resolution
infrared camera to correlate the rotation angle change with the temperature change. Figure 6(a)
shows the setup with the added IR camera for the concurrent control temperature measurement.
A flow cell with a larger surface area is used to provide a reasonably large region of interest
(ROI) for the IR camera measurement. This ROI has a diameter of 3 mm and is used for the
evaluation of the sample temperature. It is located exactly at the laser position and therefore
detects the same temperature change as the interferometer. The flow cell is clearly visible in
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Fig. 6. Temperature measurements. a) An IR camera is introduced to track the change in
temperature in the flow cell simultaneously. b) Measured rotation angle θrot and temperature
over time as a sample of ddH2O cools down. The inset shows a range of 10 s. The
temperature scale is now in mK. c) Linear change in refractive index against temperature
with the resulting dn/dT from a linear fit.

the IR camera recording. It can be seen that the liquid is warmest where it is injected, roughly
in the center of the flow cell. The IR camera is also used to confirm that the laser itself does
not heat the sample by itself. As the sample cools down to room temperature, a rotation of the
interference pattern is observed. The temperature decrease due to convection and conduction
is an exponential process over time which is described by Newton’s law of cooling [67]. A
mono-exponential fit describes the data with a R2 value of 0.9992 (Fig. 6(b)). The rotation of
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the interference pattern can perfectly be matched to the temperature decrease measured by the
IR camera. Figure 6(b) shows an inset of the data where it becomes evident that this method is
capable of measuring temperature in the mK range. Averaging over all performed measurements,
the resulting slope is 7 mK/°. Considering our measurement resolution of the rotation angle θrot
of 0.128°, the obtainable resolution for temperature measurements in our configuration is 890 µK.
Considering a resolution of the rotation angle as theoretically determined by Verma and Yadav
[26] of θrot,min of 0.0020°, the smallest resolvable temperature change could potentially reach 14
µK. The change of refractive index has been determined from the rotation angle using Eq. (2) and
this value has been plotted against temperature in Fig. 6(c). A linear fit is used to describe this
plot and the slope, calculated at - 2.89 · 10−4 RIU/°C. This value of dn/dT is the aforementioned
thermo-optic coefficient (TOC) of water. The TOC obtained in our measurement ranks within
the same order of magnitude reported from other studies as shown in Table 1. However, these
literature values were obtained from refractive index measurements using refractometers while
controlling the temperature and were measured at different wavelengths [63,65] and temperature
ranges [66], leading to the variation of about 1 · 10−4 RIU/°C. The temperature control was only
precise to about 1°C [63]. The value shown for Schiebener et al. [65] was given as a common
result of comparing 12 literature values for several temperature ranges.

Table 1. Thermo-optic coefficient for water. Comparing the measured result to literature values in
which the temperature was controlled and the refractive index was measured with a refractometer.

OAM
interferometry
(Our work)

Subedi et al.
[64]

Schiebener
et al. [65]

Domenegueti
et al. [66]

Kim et al. [63]

-dn/dT· 104

(RIU/°C)
2.89 1.85 2.0 2.0 0.8

It should be noted that the glass flow cell does not provide the ideal emissivity to measure
temperature radiatively. Measurements in the mK range otherwise require much more complex
equipment and for example, IR camera measurements are optimized for highly emissive surfaces.
Therefore, with an OAM interferometer, we provide an alternative to measure temperature
optically with remarkable resolution, especially for transmissive samples such as liquids in flow
cells.

6. Discussion

In summary, we have shown that the interference of OAM beams offers a versatile method to
measure changes in the refractive indices in the range of 10−6 RIU for extremely low concentration
and temperature changes with high accuracy and reproducibility. To the best of our knowledge
this is the first display of using a helical light mode interferometer to measure concentrations
and temperature of liquids. Our experimental result for the dependence of the refractive index
on the solution concentration are in excellent agreement with several previously published
studies [31,33]. Temperature measurements are possible with mK accuracy and our extracted
value for the TOC of water lies well within the range of literature values. We have analyzed
the fluctuations measured in the interferometer and achieve a standard deviation of 0.128° of
the rotation angle θrot translating into a resolution of 2.84 · 10−7 RIU. These fluctuations may
originate from changes of the refractive index of the ambient air due to temperature, pressure
and humidity changes [68]. This is a common problem in interferometry [8] and could be
mathematically compensated for. Placing the setup in a vacuum chamber could further decrease
the fluctuations and improve the resolution. The measured signal is currently only segmented
with a set threshold but no modulation or other signal post-processing methods are performed
which could again increase the resolution of such measurements [8,39]. Instead of a CCD camera,
position-sensitive devices or photodetectors could be used, which could potentially improve
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the measurement accuracy and resolution of the system. Also, increasing the channel width or
including several channels comparable to Ymeti et al. [69] could further improve the OAM
interferometer performance. It should be noted that a change in temperature and concentration
at the same time would simultaneously affect the refractive index of the sample. To avoid any
crosstalk between these parameters, either the sample temperature or the concentration of the
analyte was kept constant throughout our measurements. However, for specific applications, such
as monitoring the progress of a chemical reaction, all experimental parameters affecting the
refractive index (i.e. temperature, concentration, sample viscosity etc.) must be controlled or
accounted for in the analysis. This, however, is not an issue specific for OAM interferometry, but
a general requirement for refractive index measurements by other techniques as well.

OAM interferometry could find great application in microfluidic and lab-on-a-chip approaches
as it enables the monitoring of concentration changes or gradients in situ on a µM scale as we
have shown in a microfluidic cell. Temperature can also be monitored in situ on a mK scale, for
example during chemical reactions. In pharmaceutical manufacturing, the close monitoring of
such parameters is crucial [35]. Our OAM interferometer provides a simple and cheap method
to measure changes in the refractive index with extremely high precision. It is not placed in
a vacuum chamber or a clean room and can therefore be implemented into already existing
experimental setups where fast, in-line monitoring of concentration or temperature is desirable.
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