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This paper has carried out active and non-linear optical characterizations of
motor vehicle lubricants. The samples used were three two-wheeled vehicle oil
with SAE labels: 10W-40, 20W-50, and 10W-30 without pre-treatment. The
active optical property (natural polarization) was measured as a function of the
polarizer angle without external field interference. Meanwhile, non-linear
optical properties (electro-optical polarization) used changes in the
polarization of light as a function of the potential difference imposed on the
sample. The light sources used were a green pointer laser (532 nm) and a red
pointer laser (632 nm). The results showed that the oil has active and non-
linear optical properties. The natural polarization characteristic produces two
polarization peaks at 30° and 60° on both wavelengths and holds to all samples.
It indicates that the dimensions and shape of the molecules in all samples are
identical. It is also shown by electro-optical polarization, where the change in
polarization acts as a quadratic function of the potential difference with the
concentric curves of the three samples, indicating identical molecules. With
electro-optical polarization, the total polarization is enhanced without
changing the active optical properties in the sample. It gives an advantage for
developing this method as a tracer and evaluator of the molecules of other
relevant materials.

1. Introduction

Light polarization is a natural property of light, it was
found around the 17 Century by Danish physicist (he
was also a mathematician), Erasmus Bartholinus,
although he was not aware of the phenomenon of
polarization [1]. Starting from it, polarization learn a
lot and has many usages in experiments until now. In
several previous studies [2-8], by adding electro-
optical polarization (non-linear optics), light
polarization can also be applied to characterize the
optical properties of several other materials, such as
cooking oil, whose active optical properties are
relatively very small. By setting the observation
direction to fluorescent polarization [9-11], light
polarization can also be used to identify various
cooking oil types and evaluate pork oil contamination.
In addition, the combination of natural polarization
with electro-optical polarization can become a
breakthrough in understanding the study of the
interaction of linearly polarized light with materials,
providing new insights into the Van der Waals
molecular interactions in a matter [12-13]. Other
materials, such as colloidal silver solution [14-15],
also exhibited optically active and non-linear optical
properties. It provides an understanding of the
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interaction of the direction of the light field with the
molecule's orientation.

In this research, we want to investigate the
interaction of linearly polarized light using three
motorized vehicle engine lubricant samples with
different viscosities. The initial study [18] shows that
vehicle engine oil also has optically active properties.
In that study, typical properties of the oil, such as
viscosity or its light spectrum characteristics, were
not used. It only used natural light polarization and
electro-optical polarization to investigate the optical
properties of vehicle engine oil. Based on this result,
we broadened the investigation of motor oil's non-
linear optical properties based on the viscosities
without pre-treatment like before.

2. Methods

In this study, the samples used were three motor
vehicle engine oils with different viscosities, with
codes 10W-30, 10W-40, and 20W-50. Natural
polarization data from the sample was taken by
measuring the change in polarization without an
external field with a variation of the polarizer angle ¢
= 0° to 90° with an increase of 10° for each data
collection. The angular mode of the polarizer is the
variation of linearly polarized light relative to the axis
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of the polarizer. The design for measuring the change
in polarization as a function of the polarizer angle can
be seen in Figure 1. The electro-optical polarization
characteristics are obtained by providing an external
electric field with a potential difference of 1 to 9 kV
with an increase of 1 kV in the sample between two
parallel plates, which were about 1.5 cm apart (this
distance is the best distance our apparatus
arrangement). The light source used was a red and a
green pointer laser with wavelengths 632 nm and 532
nm, respectively. In detail, we make a setup
experiment as Fig.1 where we took data from 0°-90°
with variation every 10° in five times repetition each
angle.
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Fig.1: Measurement of the change in the polarization of
light Afas a function of the polarizer angle. The electric
field of incident light is Eo, and after hitting the sample,
the polarization changes to E. Models (a) and (b),
respectively, are examples of linearly polarized incident
light at = 0°p=90°.

The target sample in Fig. 1 is a synthetic oil
consisting of a collection of hydrocarbon molecules,
and their additives are considered identical to each
other. An oil hydrocarbon molecule is assumed to have
three hydrocarbon chains, L1, L2, and L3, as shown in
Figure 2 [18]. Molecules are said to be asymmetrical
if the length of the hydrocarbon chain is different. It is
assumed in this paperis L1 > L2 > L3. Inits interaction
with the incident light, which is linearly polarized Eo,
the point P on the molecule is chosen as the center of
symmetry.

Fig.2: Hydrocarbon mol;;:ae_;model of oil with L1, Lo,
and L3 are the length of the hydrocarbon chains. A
molecule is said to be asymmetric if L1 # L2# Ls.

3. Results and Discussion

Figure 3 is a graph of the change in polarization as a
function of the polarizer angle without any additional
field disturbance, which acts as a characteristic of the
natural polarization of the three samples at
wavelengths of 532 nm and 632 nm, respectively. The
change in polarization at these wavelengths is in the
range of 0,4° to 0,6°. This value is still relatively small
than the sugar solution in general, but it is relatively
larger than cooking oil [8]. These characteristic
results confirm previous studies [18] that the oil also
has optically active properties, and asymmetrical
molecules are responsible for the natural polarization.
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Fig.3: Graph of change in polarization 468as a function of
polarizer angle ¢ for wavelengths 532 nm and 632 nm.

The three oils also have two peaks at the polarizer
angle ¢=30°and ¢ = 60° as well as two lowest values
at ¢ = 0°and ¢ = 90°, indicating identical molecular
properties in the three samples. In Table 1, if the
average polarization values include polarizer angle ¢
= 0°and ¢ = 90°, the increase in polarization value
between the closest samples in the amount of 0,05° is
obtained. It can indicate the addition of additive
molecules. The 10W-30 sample had the highest mean
value, which means it obtained the most additives
molecules.

Table 1. Polarization change in mode ¢ = 0°, ¢ = 30°, ¢ =
60°, @=90° and the average for both wavelengths

Sample Mode Average
9=0° »=30°@=60° @=90°

10wW-40 0,41° 0,49° 0,48° 0,42° 0,45°

20W-50 0,46° 0,54° 0,53° 0,47° 0,50°

10w-30 0,51° 0,59° 0,58° 0,51° 0,55°

The first maximum polarization change, ¢ = 30°,
indicates that the orientation of the electric field of
light Eo towards asymmetrical molecules is the most
optimum, and the second maximum is at ¢ = 60°.
While the orientation of Eo relative to the
asymmetrical molecule generates the first minimum
polarization at ¢ = 0° and the second minimum at ¢ =
90°. Because the natural polarization characteristics
use linearly polarized incident light that interacts
with molecules, the occurrence of peak angles and
minimum angles can be explained by using the
direction interaction model of light Eo with an
asymmetrical molecular orientation, as shown in
Figure 4.
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Fig.4: The interaction between Eo and the asymmetrical
molecule results in E, whose direction changes from the
original A6.

The electric field of incident light Eo can be broken
down into two vector components, Eo1 and Eoz. These
two vectors interact with the hydrocarbon chains. If
there is an effective difference between the two
chains that interact with Eo1 and Eoz, the response of
the induced electron cloud in each hydrocarbon
produces two resultants, E1 and Ez, that differ in both
direction and magnitude from the original. After
interacting, the resultant field E produces a
polarization direction. In this case, the difference in
the hydrocarbon chain is greatest at ¢ = 30°, where
the largest polarization change is achieved.

In the graph of Figure 3, the total value Af as a
function of ¢, we assumed that there is an additive
mixture in the samples. To determine how the pure
asymmetrical molecule contributes, the total value is
converted to a polarization ratio by weighting the
change in polarization at an angle of ¢ = 0° as the
lowest value, the results are presented in Fig.5. It
turns out that the largest polarization ratio is
obtained in the 10W-40 sample, and it is strongly
suspected the largest asymmetrical molecular
composition is in the sample 10W-40. This difference
is slightly obvious at each peak ¢=30° and ¢ = 60°.
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Fig.5: Natural polarization ratios for the three oils at 532
m and 632 nm wavelengths. The 10W-40 sample is
suspected strongly show the largest asymmetrical
molecules.

Very interesting results can be seen when the
polarization ratio for the same sample is compared
with two different wavelengths, as shown in Fig. 6.
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Fig.6: Natural polarization ratio at wavelengths of 532 m
and 632 nm for the three samples. There is a birefringent
phenomenon at angles ¢=50° and ¢=70° in all samples.
The results of a preliminary study using 20W-50 [18] also
showed the same phenomenon.

It can be seen that the two wavelengths produce
different polarization ratios at angles ¢ = 50° and ¢ =
70°, which apply to all oil samples. The phenomenon
is most likely birefringent, where there is a change in
the optical axis in half on the trajectory of the
polarizer angle of 40° to 80°. The refractive index of
the 532 nm wavelength is bigger than the 632 nm
wavelength. This indicates the green laser to have a
shorter optical path at the angle of the polarizer 40° -
50° - 60° and 60° - 70° - 80° which results in
different values of A6.

For electro-optical polarization, the change in
polarization as a function of potential difference can
be seen in Figure 7 below.
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Fig.7: Electro-optical polarization change for three oils at a
wavelength of 532 mn.

The electro-optical polarization characterization of
the three samples showed that non-linear optical
effects (or non-linear polarization) could also occur in
oils with a linear external electric field of the order kV.
Due to technical constraints in data collection, only
non-linear polarization at angle modes ¢ = 0°,30°, 60°,
and 90° is obtained, with the result being a second-
order polynomial,

AO= 6o+ 6V + OV (1)
where V is the potential difference, & changes in

polarization without any external field disturbance, 6:
linear electro-optic coefficient, and € quadratic



electro-optic coefficients. The trend is also general for
other types of oil and consistent with previous results

[18].
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Fig.8: Electro-optical polarization change for three oils at
a wavelength of 632 mn.

By looking at the pattern similarity in all samples
and both of the wavelengths (Fig.7 and Fig.8), we can
say that the molecules seen in all samples are identical
in both shape and size. The highest total electro-
optical polarization value is at 10W-30 due to the
additives, which also contribute to the formation of
the average electric dipole.
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Fig.9: Electro-optical polarization ratio for 10W-40 at
532 nm and 632 nm wavelengths. In the ¢ = 0°and 90°
modes after the critical voltage Vi, the optical axis is split
into two, while in the ¢ = 30°and 60° modes the optical
axis is fused.

If the contribution part of the electro-optical
polarization is evaluated, then equation (1) is
changed to
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AO - 6= 61V + 12 (2)

By defining the ratio of electro-optical
polarization as 7 = (AG - &)/ O, the ratio of electro-
optical polarization for all samples is obtained for
both as shown in Figure 9, Figure 10, and Figure 11.

All graphs in Figures 9-11 show the occurrence of
optical axis splitting (birefringent) due to electro-
optical application to the samples after a critical
voltage (Vk), except for samples 10W-40, in ¢ =
30°and 60° modes, the converging of optical above Vk
occurs. Table 2 shows the critical voltage values of all
samples in the modes ¢ =0°, 30°, 60°, and 90°.

The oil model offered above is an oil with a
relatively homogeneous molecular size and shape.
The asymmetrical nature of the molecule responsible
for the change of natural polarization consisting of
two or three chains with different lengths seems quite
adequate. Molecules that have three chains of the
same length are considered symmetrical and do not
contribute to natural polarization. The addition of
additives molecules relative to one another seems to
increase the polarization but does not change the
molecular characteristics of the individual oils. The
same pattern in two peaks at ¢ = 30° and 60° for all
samples indicates that the types of hydrocarbon
molecules are identic. Similarly, the occurrence of
birefringent in the ¢ = 40° to 80°region is the same in
all samples strengthening the argument that the
shape and size of the molecule are relatively
homogeneous.
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Fig.10: Electro-optical polarization ratio for 20W-50 oil
at 532 nm and 632 nm wavelengths. In the ¢ = 0°, 30°,
60°, and 90° modes after critical Vi, the optical axis is split
into two.

Potential difference, ¥ (kV)



Sample: 10W-30, Mode: o= 0° Sample: 10W-30, Mode: = 90°
A= 632 nm ? A= 632 nm
50% y

Electro-optics polarization ratio, ;7
Electro-optics polarization ratio, 77

o 2 4 6 8 10 0 2 4 6 & 10
Potential difference, V(kV) Potential difference, V' (kV)

%
Sample: 10W-30, Mode: ¢=30° Sample: 10W-30, Mode: ¢ = 60°

i=6om i=632nm

40% /

30%

yad K=4kv

Electro-optics polarization ratio,

Electro-optics polariza

20% ,/"
" Ve

10%
o 2 4 6 8 10 0 2 4 3 8 10

Potential difference, F(kV) Potential difference, V'(kV)
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at 532 nm and 632 nm wavelengths. In the mode ¢ = 0°,
30°, 60°, and 90° after the critical voltage Vi, the optical
axis is split into two.

Table 2. The critical voltage of the optical axis change due
to electro-optical polarization.
Critical voltage, Vi (kV)
Mode Optical axis splitting Optical axis fusion
¢ 10W-40 20W-50 10W-30 10W-40 20W-50 10W-30
0° 6 6 6
30° - 4 4
60° - 6 6
90° 3 3 3

YESE
.
.

All this time, the active optical properties are
largely determined by the chiral or non-chiral
properties. In this case, with the new paradigm, the
notion of optical properties due to symmetrical or
asymmetrical molecules may not be the same as chiral
or achiral molecules. It doesn't matter whether the
molecule is chiral or non-chiral, as long as the electric
field interaction of the light with the molecule
produces an effective field with an initial direction
change. Molecules are said to be asymmetric if having
2 or 3 different hydrocarbon chains, so all of them
contribute to the natural polarization. While the
molecule is symmetrical if all the hydrocarbon chains
are identical, and it does not contribute to natural
polarization. Thus, the practical active optical
properties are determined only by the direction of the
electric field from the incident light and the
orientation of the molecules making up the sample
when interacting with each other.

The non-linear optical properties of the oil sample
also occur at a potential difference with an order of kV,
which we call non-linear or electro-optical
polarization. This property also occurs in samples
other than oil [8], which is measured by the light
polarization method. Unlike the natural optical
property or natural polarization, in electro-optical
polarization, the change in polarization increases
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polynomially to the power of the two concerning the
voltage due to the formation of electric dipoles of all
types of molecules in the oil. The advantage of electro-
optics is that the value of the natural polarization (or
the characteristic properties of active optics) does not
change. It also adds to the total contribution to the
change in polarization so that the measurement
becomes more accurate. These results strengthen the
results obtained in our earlier studies [8]. A
concentric pattern was obtained from the pattern of
change in polarization as a function of voltage for the
three samples. Qualitatively, this indicates that the
size of the resulting dipole is equivalent to the shape
and size of the oil molecules, which are identic in all
samples.

In the phenomenon of electro-optical polarization,
there is something that we think is new, namely the
interaction of linearly polarized light with dipoles
induced by an external field producing an electro-
optical gradient associated with Van der Waals
interactions between molecules. This term was stated
in a previous study [3] when the change in
polarization was linear relative to the potential
difference. We now emphasize that the electro-
optical gradient is the point of the shift in electro-
optical polarization, a kind of additional potential
energy due to the application of an external field. In
several studies [12-13], we also proposed the
possibility of a breakthrough regarding the
interaction of light with molecules through electro-
optical polarization, which is nothing but related to
Van der Waals interactions between molecules. In
other words, the total change in polarization is
related to the Lennard-Jones potential energy.
Changes in the distance between molecules are
represented relatively with the addition of an electric
potential difference across the sample. Considering
the relatively uniform size of the oil molecules, it
seems that oil molecules are suitable for being used
as alternative molecules to explain the intermolecular
Van der Waals interactions through electro-optical
polarization. This discourse is not limited to oil or
cooking oil samples but can also be extended to other
non-polar samples.

The optically active and non-linear optical
properties of the oil sample using the light
polarization method are relatively new, as far as the
literature study we have done. Due to technical
constraints, the relationship between this optical
property and viscosity cannot be described more
comprehensively yet. The high and low polarization
of one sample with another does not indicate the
quality of one with the other is better or worse.
Therefore, several things that need to be investigated
further are the development of optical properties
related to the viscosity quality parameters of the oil,
which in our opinion, has a very interesting prospect.

4. Conclusion

In this study, all motor oil samples showed active
optical properties (natural polarization) and non-
linear optical properties (electro-optical



polarization). In the case of natural polarization, all
samples have natural polarization peaks at polarizer
angles ¢ = 30° and 60° and birefringent in the 40°-
50°-60° path and 60°-70°-80° path, which indicates
that the oil constituent molecules are identical in all
samples. In the case of electro-optical polarization, all
samples show a trend of change in polarization as a
quadratic function of the potential difference. For
samples 20W-50 and 10W-30 at critical voltages,
there is a slight birefringent splitting of the optical
axis at polarizer angles ¢ = 0°,30°,60°, and 90°. As for
the 10W-40 sample, the optical axes converge at ¢ =
30° and 60°, and the optical axes split at ¢ = 0° and
90°. The lowest average polarization change in the
10W-40 sample is possibly caused by the lowest
presence of additives.

The natural polarization characteristic of the oil
sample opens up new horizons about the definition of
optically active properties, which have been caused
by chiral or non-chiral molecules, in this paper, it
tends to be caused by the orientation of the electric
field direction of the incident light to the orientation
of the asymmetrical molecules of the oil when
interacting with each other. Likewise, electro-optical
polarization, in addition to increasing the total
polarization, does not change the optically active
properties of the initial molecules but also gives a
new perspective on the interaction of linearly
polarized light with the induced dipole in the sample,
which is correlated with the interaction of Van der
Waals forces between non-polar molecules in oil. The
combination of natural polarization and electro-
optical polarization can be used for the detection of
polar molecular traces, oil or oil quality investigation,
and so on. The electro-optical gradient associated
with the addition of potential energy to the sample is
strongly related to the Lennard-Jones potential
energy of the oil molecule. This phenomenon opens
the opportunity to study polar molecular interactions
in other samples through electro-optical polarization.

5. Conflict of Interest
The authors declare that they have no conflict of
interest.

References

[1] Gabor Horvath, Polarization patterns in nature
Imaging Polarimetry with Atmospheric Optical
and Biological Applications, DSc thesis, Lorand
Eo6tvos University, Budapest, Hungary (2003).
K. S. Firdausi, K. Triyana, and A. L. Susan, "An
Improvement Of New Test Method For
Determination Of Vegetable Oil Quality Based On
Electrooptics Parameter," Berkala Fisika, 15, 3,
77-86, (2012).

K. S. Firdausi, H. Sugito, and H. Rahmawati, A. B.
Putranto, "The relationship between electro-
optics gradient and fatty acids composition in a
new investigation on palm oil quality," Advanced
Science Letters, 23, 7, 6579-6581, (2017).

K. S. Firdausi and H. Rahmawati, "Review of a
simple powerful polarizer for testing of edible

28

oil quality," Berkala Fisika, 18, 4, 137-142,
(2015).

H. Sugito, K. S. Firdausi, and N. K. Putri "Design
of integrated polarizer for detection of lard
impurities in cooking oil," Journal of Physics:
Conference Series, 1025, 1,012008, (2018).

W. D. Nurhasanah, H. Sugito, V. Richardina, M.
Azam, and K. S. Firdausi, "Korelasi polarisasi
elektro-optis dengan komposisi asam lemak
pada minyak zaitun sebagai metode uji
alternatif mutu minyak goreng," Berkala Fisika,
22,1,24-31,(2019).

[7] A.Rahmawati, K. S. Firdausi, H. Sugito, M. Azzam,
and V. Richardina, "The contribution of fatty
acids composition of soybean oil on natural and
electro-optics polarization,” Journal of Physics:
Conference Series, 1524, 1,012007, (2020).
Winarno, V. Richardina, H. Sugito, M. Azam, Q. M.
B. Soesanto, and K. S. Firdausi, "Development of
electro-optics method for evaluation of quality
degradation of some vegetable oils," Journal of
Physics: Conference Series, 1825, 1, 012075,
(2021).

K. S. Firdausi, I. Afiefah, H. Sugito, and M. Azam,
"Mapping various cooking oil using fluorescence
polarization," Journal of Physics and Its
Applications, 1, 1, 18-23 (2018).

M. Azam, 1. Afiefah, R. W. Septianti, N. K. Putri, H.
Sugito, and K. S. Firdausi, "Method of
fluorescence polarization for a new alternative
tool for investigation of cooking oil and lard,"
Journal of Physics: Conference Series, 1217, 1,
012027, (2019).

[11] A. Salsabila, M. Azam, H. Sugito, Q. M. B. Soesanto,
and K. S. Firdausi, "Fluorescence polarization
method for detection of lard mixed with olive
oil," Journal of Physics: Conference Series, 1825,
1,012076, (2021).

K. S. Firdausi, I. Afiefah, H. Sugito, R. W. Septianti,
and V. Richardina, "Determination of relative
dissociation energy from electro-optics as a new
single-proposed parameter of vegetable oil
quality,” Journal of Physics and Its Applications,
2,1,61-66, (2019).

[13] A.Septiani, G. N. Utomo, V. Richardina, H. Sugito,
M. Azam, and Q. M. B. Soesanto, "A study of
relative dissociation energy through electro-
optics effect as a potential tool for evaluation of
cooking oil quality," Journal of Physics:
Conference Series, 1943, 1,012021, (2021).
Tiwiyaningsih, A. Rahmawati, W. D. Nurhasanah,
and V. Richardina, "Pengembangan
karakteristik optis pada larutan perak koloid
menggunakan metode elektro-optis," Berkala
Fisika, 23, 1, 26-33, (2020).

H. Sugito, K. S. Firdausi, A. Khumaeni, and S.
Azahra, "Characteristics of colloid silver solution
based on changes in concentration and electric
field using electro-optic equipment,” Journal of
Physics and Its Applications, 4, 1, 20-23, (2021).

[5]

(6]

(8]

[9]

[10]

[12]

[14]

[15]



[16] N. Kirono, A. Khumaeni, Q. M. B. Soesanto, M. [17] N. Safira, A. Khumaeni, Q. B. M. Soesanto, M.
Azam, H. Sugito, and K. S. Firdausi (2022) (in Azam, H. Sugito, and K. S. Firdausi (2022) (in
press). press).

[18] W.G.P.Prabawa, Q. M. B. Soesanto, K. S. Firdausi,
(2022) (in press).

29



