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Abstract. A new method for measuring the refractive index of liquid media using a triangular
cuvette has been developed. The features of goniometric measurements of the refractive index
of liquid media using a triangular cuvette with a right angle have been determined. A cuvette
design has been developed for conducting long-term studies of refractive index changes over
occupied volume, which is particularly relevant for hydrocarbon mixtures. The advantages of
the developed method for measuring the refractive index over industrial refractometers are
highlighted. The main ones are the ability to easily measure liquid media of varying transparency
and to conduct long-term measurements of volatile media. The results of studies of various
media are presented and compared with measurements on industrial refractometers.
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Annoramusa. PazpaboTaHa HOBasi METOIMKA M3MEPEHMS ITOKa3aTe sl ITPEIOMIICHUST SKUAKUX CPE C
HCIIOJIb30BAaHMEM TPEYTOJIbHO KI0BeThI. OripeieieHbl 0COOEHHOCTH TOHMOMETPUYECKUX U3MEPEHUIA
MoKazaTesisl MPeJOMIICHUST XUAKUX CPel C MCIOJb30BAHUEM TPEYTOJbHOM KIOBETHI C MPSIMBIM
yrjaoM. Pa3zpabGoTaHa KOHCTPYKILMSI KIOBEThI IUISI TMPOBENEHUST TTPOMOIKUTEIBHBIX HCCIIENOBAHMIA
M3MEHEHUST TTOKa3aTelisl MPeJIOMICHUST IO 3aHMMAeMOMY OOBEMY, UTO OCOOEHHO aKTYyallbHO IJISI
CMeceil yIiieBonopoa0B. BeiieieHbl TperMyILiecTBa pa3paboTaHHOIO MeToAa U3MEPEHMS ITOKA3aTe s
MPEJIOMIICHHSI OTHOCUTEIbHO MPOMBILUIEHHBIX pedpakToMeTpoB. OCHOBHBIMU U3 HUX SIBIISIOTCS
BO3MOKHOCTb JIETKO MPOBOIUTH U3MEPEHUST XKUIKUX CPell pa3TnIHON MPO3PauHOCTH U MTPOBEIeHUE
JTOJITOBPEMEHHBIX M3MepeHMit JleTyunx cpen. [IpencTaBieHbl pe3yabTaThl UCCIASIOBAHUI pa3TMUHbBIX
Cpell ¥ TIPOBEJCHO MX CPaBHEHUE ¢ M3MEPEHMSIMU Ha MTPOMBILUIEHHBIX pehpaKTOMETpax.
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Introduction

Accurate measurements of various parameters are necessary for solving various problems in
both research and practical applications [1, 2]. The methods used to perform these measurements
must be universal (allowing for the investigation of a large number of media). Such methods
include nuclear magnetic resonance, electron paramagnetic resonance, optical spectroscopy, and
others [3—5]. These are expensive in terms of equipment and time-consuming research methods
with limitations on the size of the images being studied. Not every laboratory can afford such
equipment. Therefore, faster and simpler methods of studying the state of condensed media are
used. One of them is related to refraction (the refractive index is measured) [6].

Currently, a large number of different methods have been developed for measuring the refrac-
tive index of a condensed medium. These include: the critical angle method, interference meth-
ods, Abbe refractometry, the differential method, and the goniometric method [7—9]. For use
in laboratory conditions, goniometric measurements differ from others in their high functionality
(it is possible to measure the refractive index of a medium in a liquid, solid, and, under pressure,
gaseous state). Unlike interference methods, the goniometric system is less sensitive to mechani-
cal vibrations and does not require complex adjustment.

These facts make the goniometric method of measuring the refractive index preferable when
creating multifunctional experimental setups in small laboratories for studying condensed media,
both liquid and solid. On the other hand, the use of goniometric measurements raises a number
of difficulties related to the varying transparency of the media under study, their volatility, and
the wide range of refractive index changes. This creates a number of peculiarities when per-
forming goniometric measurements, which must be taken into account to ensure a high degree
of reliability when monitoring the state of the media. To do this, it is necessary to ensure that
the refractive index measurement error does not exceed 0.0001 in the measurement range from
1.32 to 1.77 [9—11]. This refractive index measurement range corresponds to 99% of all liquid
media and their mixtures existing in the world. Therefore, the aim of this work is to establish
these features and develop a method to ensure the measurement of the refractive index of a liquid
medium with an error of 0.0001 or less in the specified range.

Materials and Methods

An analysis of various designs and systems for measuring the refractive index n [7—11] showed
the potential for developing a new system based on goniometric measurements. Based on data
from various laboratory experimental goniometric installations [9, 11], we developed the following
design (Fig. 1).

A fundamentally new feature of the experimental setup for measuring the refractive index n
of liquid media is the use of various cuvettes (triangular in shape with a right angle and a lid),
as well as a new method for determining n(x ,7 ) from the measured angle ¢,. This design also
allows measurements of n(h ,T ) to be made at any wavelength of laser radiation. The principle
of measuring n remains unchanged; all that is needed is a laser with the appropriate wavelength
(preferably in a standard housing) or a tunable laser.

To measure # of liquid media on the experimental setup, we designed triangular cuvettes with a right
angle and a lid. Fig. 2 shows an example of one of the triangular cuvettes we designed and its layout.

© Kiumenko P.I1., [anunosa B.U., Knumenxko B.I1., HaseimoB B.B., 2025. W3pmarens: Canxr-IletepOyprckuit
rnosiMTexHuueckuit yuusepcuret [letpa Benukoro.
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Fig. 1. Design of goniometric experimental setup for measuring the refractive index »:
laser radiation source [; laser radiation power control system 2, laser power supply unit;
collimator 3; specially shaped rectangular cuvette 4; photodetector 5; test medium 6;
rotary-movable device 7 for determining the angle

a) b)

00

100

Fig. 2. Design of cuvette in the shape of an isosceles triangle (a), spatial model of cuvette (b)

The test medium 6 is placed in a triangular cuvette 4 (Fig. 1). A plane-parallel laser beam front
is directed onto the wall of cuvette 4 after collimator 3. The laser radiation then passes through
the medium layer and hits the edge of cuvette 4, which is positioned at an angle to the direction
of propagation of the laser radiation front. The angle ¢ of the triangular cuvette 4 (Fig. 1) is
the angle of incidence of the laser radiation on the cuvette wall, where refraction occurs at the
boundary between two media (the medium under study and quartz (the material from which the
cuvette is made)). Using a movable photodetector, the position of which is set according to the
maximum recorded radiation, the angle ¢, is determined using the optical scale of the goniome-
ter. and n is calculated. Unlike other goniometric measurement techniques, in this case only one
angle ¢, is determined. At the same time, it is possible to calibrate the instrument scale, without
changing the cuvette, by angles using reference liquids, which was previously not possible with
other goniometric measurements. This gives rise to a number of peculiarities in the measurement
data, which we have identified.
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Features of measurements using a triangular cuvette

The developed measurement method using a triangular cuvette has a number of features that
significantly expand the research capabilities of goniometric measurements compared to standard
optical cells [9, 11]. The main ones are as follows:

1. Laser radiation of different wavelengths from the visible range can be used for n measure-
ments. The use of IR radiation is possible, but it will be difficult to determine the case of total
internal reflection at the boundary between two media, and measurements may not be possible;

2. The use of a sealed cover, which does not create additional optical effects during measure-
ments, allows for the study of volatile and hazardous liquid media and their mixtures;

3. The goniometer allows the cuvette to be moved horizontally and vertically. This makes it
possible to study media with different degrees of transparency (by reducing the optical path of the
laser beam in the medium, the attenuation of the laser radiation in terms of power is reduced).
On the other hand, it is possible to study the distribution in mixtures that consist of media that do
not react chemically with each other. For example, a mixture of gasoline. Study their distribution
by fractions (various boundary effects between fractions) and determine the composition of the
mixture and the concentrations of its components;

4. In mixtures formed by media dissolved in each other (for example, an aqueous solution of urine),
it is possible to study the change in the refractive index gradient n along the height of the cuvette.

Results and discussion

To verify the accuracy of determining » using the new method for goniometric measurements,
hydrocarbon samples were studied. Fig. 3 shows the results of the study of changes in the refrac-
tive index n of AI-98 and AI-100 premium gasoline with changes in temperature 7.

1,40

285 290 295 300 305 310 315

T,K

® A-100at5893nm @ Al-98 at 4364 nm A-100at6572nm @ Al-98at6572nm @ AIF100at4364nm @ Al-98 at 589.3 nm

Fig. 3. Dependence of the change in refractive index » on the temperature 7'
of AI-98 and AI-100 gasoline at three wavelengths of laser radiation

Using an Abbemat WR/MW industrial digital refractometer, the refractive indices of two
gasoline samples were measured at three wavelengths at a temperature of 7'= 293 K. The values
of n obtained using the experimental setup and the industrial refractometer coincided within the
measurement error limits.

Next, to verify the effectiveness of the new measurement method and the capabilities of the
experimental setup, studies were conducted on Genesis Arm 5W-30 motor oil (Lukoil company)
at temperature 7, and the results were compared with the measurements obtained using the
Abbemat WR/MW industrial refractometer (Table).

Analysis of the data obtained shows that they coincide within the measurement error. This
once again confirms the possibility of using the developed experimental setup design, taking into
account all the features of its operation, to measure n at different wavelengths and temperatures 7.
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Table
Study of the refractive index n of Genesis arm SW-30 motor oil
(Lukoil company) from temperature change 7T
T K Laboratory goniometric system Abbemat WR/MW
’ with triangular cuvette Industrial Refractometer
283.2+0.2 1.4704 £+ 0.0001 1.47035 + 0.00005
285.0+0.2 1.4701 £ 0.0001 1.46996 + 0.00005
287.1£0.2 1.4695 +0.0001 1.46942 + 0.00005
291.1£0.2 1.4680 + 0.0001 1.46797 + 0.00005
295.0+0.2 1.4663 +0.0001 1.46623 + 0.00005
299.1 £0.2 1.4648 +0.0001 1.46471 + 0.00005
303.0+0.2 1.4634 +0.0001 1.46332 + 0.00005
306.1 £0.2 1.4619 £ 0.0001 1.46179 + 0.00005
310.2+0.2 1.4604 + 0.0001 1.46028 + 0.00005
313.0+£0.2 1.4589 +0.0001 1.45879 + 0.00005
Conclusion

The research conducted and the results obtained showed that the use of the developed trian-
gular cuvettes and the new method for measuring the refractive index n, taking into account all
the peculiarities of their implementation, make it possible to obtain reliable results in laboratory
conditions with an error of 0.0001 for almost all existing liquid media and their mixtures.

It should be noted that the developed measurement method is universal for radiation at dif-
ferent wavelengths, which was confirmed by the research results. With a specific set of cuvettes
and lighting close to darkness using special glasses, it is possible to conduct research at IR wave-
lengths, which is currently implemented in industrial refractometers for researching liquid media
only for wavelengths of 1550 nm (these devices are very expensive).
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