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Abstract. Ensuring the purity of edible oils is essential for human health, especially given the widespread use
of oils in modern diets. Oil impurities, often in the form of nanoscale particles, necessitate advanced analytical
techniques, confirmed by a theoretical model, for detection. In this study, a nanoquantum model based on Klein-
Gordon and energy-momentum quantum equations beside perturbation theory is developed to theoretically explain
how such impurities affect the spectral properties of pure oils. The model predicts that the impurities affect the wave
number and length through the medium-field potential and the collision energy resulting from the free vibration.
The intensity is also affected by these parameters in addition to the effects of the internal magnetic field along
with the friction through the exponential term. This means that the effects of impurities on the intensity should
be relatively larger than the wave number and length because of the existence of additional parameters and the
enhancing effect of the exponential term. Experimental studies were carried out using UV-VIS and FTIR techniques
on pure olive oil mixed with corn, sunflower, and soybean oils. The findings indicated a considerable decrease in the
intensity of olive oil when increasing the amount of mixture associated with very slight changes in the number and
length of waves. The results of the absorption and transmittance of three bean oil samples consisting of different
impurities indicated that the effects of impurities on the intensity are more significant compared to the number and
length of the waves, which is consistent with the theoretical findings. The theoretical model also shows that the
inner shell electron energies remain largely unaffected by impurities, resulting in spectral convergence at high wave
numbers (short wavelengths). In contrast, outer shell energies vary significantly due to environmental perturbations,
causing spectral divergence at low wave numbers (long wavelengths). These theoretical predictions are validated
using experimental data obtained by Fourier transform infrared (FTIR) and ultraviolet-visible (UV-vis) spectroscopy
on various oil samples, including olive and sesame oils. The strong agreement between theoretical expectations and
experimental observations confirm the effectiveness of the model in detecting oil purity.
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1. Introduction

Recently, food was found to play an important role in human life. Thus, testing food
products has become an important issue in modern science. One of the most widely used
food products is oil. Oils from different countries and regions have distinct chemical com-
positions, which requires the search for accurate and commercially available techniques
for oil testing. The most suitable methods are spectroscopic techniques, which are funda-
mentally based on quantum laws [1,2,3].

Spectral techniques include X-ray fluorescence, infrared (IR), ultraviolet-visible (UV-
Vis), atomic absorption, laser-induced coupled plasma and X-ray diffraction methods
[4,5,6]. These techniques are widely used to study the electrical, optical, and magnetic
properties of materials, which are central to the field of material science [7,8,9].

Since toxic chemical compounds often appear in the form of very small nano-sized
particles, their detection requires the application of nanoscience principles [10,11,12].
Nanoscience is concerned with the behavior of nanoscale materials, which are best de-
scribed using quantum mechanics [13,14]. Several of these spectroscopic methods are
capable of detecting trace levels of contaminants and toxic substances.

Many studies have used Fourier transform infrared spectroscopy (FTIR), UV-vis spec-
troscopy, and laser absorption spectroscopy (LAS) to detect oil adulteration. LAS, for
example, utilizes laser-based absorption to determine chemical concentrations and has ap-
plications in environmental and medical diagnostics [15]. It has also been used in food
and oil analysis. Techniques such as Laser-Induced Breakdown Spectroscopy (LIBS) have
been applied to the analysis of olive oil, milk, and honey [16,17]. Raman spectroscopy
has shown success in discriminating olive oils from other vegetable oils and in detecting
adulteration [18]. FT-NIR combined with confocal Raman spectroscopy has been applied
to the study of sesame oil adulteration [19].

Various spectroscopic techniques have also been used to examine the thermal aging of
edible oils [20], and UV-Vis spectroscopy has been used to quantify the amount of veg-
etable oil in adulterated olive oil [21]. In addition, FTIR has been proven to be useful in
the analysis of edible and sesame oils [22,23]. The adulteration of extra virgin olive oil with
sesame oil has been studied using FTIR and gas chromatography [24], and chemometric
modeling techniques have been utilized to authenticate Chinese sesame oil [25]. In addi-
tion, portable FT-NIR, FT-MIR and Raman spectrometers combined with chemometrics
have been used to detect sesame oil adulteration [26]. The adulteration of sunflower oil
has been investigated using ATR-FTIR spectroscopy [27], including studies on detecting
thermally deteriorated oils used as adulterants [28,29].

Man Yaakob B. [30] investigated the use of FTIR with multivariate calibration tech-
niques such as partial least squares (PLS), principal component regression (PCR) and
discriminant analysis (DA) for analyzing canola oil in virgin coconut oil (VCO). The re-
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sults showed that FTIR combined with DA can effectively classify pure and adulterated
oils. Similarly, Mashodi et al. [31] examined extra virgin olive oil using ATR-FTIR and
found that specific wavelength ratios (e.g. A3006 / A2925) were effective in detecting low
levels of adulteration. Vilela et al. [32] used FTIR and chemometric methods to monitor
the adulteration of sunflower oil with thermally deteriorated oil, while Syafri et al. [33]
used FTIR and GC-MS combined with multivariate analysis to detect adulteration in red
ginger oil.

Based on these foundations, this study aims to construct a quantum model capable of
explaining the behavior of oils when they interact with ultraviolet and infrared radiation.
The proposed model is presented in Section 2. Sections 3 and 4 are dedicated to the
discussion and conclusion.

2. Theoretical model for determining the purity degree of oils

Experimental observations revealed that at shorter wavelengths (i.e., higher frequen-
cies and larger wave numbers), the spectral curves of various oils tend to converge. This
convergence suggests minimal influence from external impurities at high energy transi-
tions. To theoretically explain this behavior, we consider the framework of perturbation
theory applied to atoms within a uniform crystal field.

According to first-order perturbation theory, when a physical system with initial en-
ergy E0E 0E0 is disturbed by an external potential, an additional energy E1E 1E1 is
introduced, resulting in a total energy:

E = E0 + E1 (1)

Where E1 results from perturbation potential V0, thus according to the perturbation
theory

E1 =

∫
unĤ1undr =

∫
unV0undr

= V0

∫
unundr = V0 (2)

For hydrogen like atoms and spherical nuclei

E0 =
−c0
n2

(3)

When the atoms inside bulk matter are affected by the magnetic or electric field of
impurity atoms that are very close to them, the energy is changed according to Equations
(1) and (2) to become

E =
−c0
n2

+ V0 (4)

For 3 oil samples
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E01 =
−co1
n2

(5)

E02 =
−co2
n2

(6)

E03 =
−co3
n2

(7)

For the outermost energy levels which are responsible for infrared and visible emissions,
the energy quantum number is relatively larger, thus one can suggest [see equation (4)]

E0i → 0 i = 1, 2, 3 (8)

Thus, according to equations (4, 5, 6, 7) for 3 oils
E1 = E01 + V01 → V01 , E2 = E02 + V02 → V02 , E3 = E03 + V03 → V03 (9)
This means that the energy level values for oils are affected to a great extent by the

impurities surrounding the atoms. The effect of impurities may come from their magnetic
or electric field or even collisions. The 3 oil samples may be of the same type but consist
of different impurities. In view of equation (9), pure and impure oils of the same type
have different energy values, thus must display different spectral patterns for outermost
shells, which are characterised by longer wavelengths. To see what this effect looks like,
this requires knowing v0, as shown in Equation (9). This requires finding the potential
energy of a particle moving under the effect of a magnetic field of density B. It is assumed
that this particle oscillates with natural frequency ω0 in a medium with friction coefficient
γ, such that

K = mω (10)

In this case, the velocity of the particles v obeys

m
dv

dt
= Bev − γv − kx = γ0v − kx (11)

γ = Be − γ (12)

If one considers the particle as a string, the displacement x becomes

x = x e(−iωt) (13)

Thus, the velocity becomes

v =
dx

dt
= −iωx

x = − v

iω
=
iv

ω
(14)
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Thus, rearranging (11)

m
dv

dx
= γ0v − kx = γ0v − ikv

ω

mvdv = γ0v − kx = γ0v −
ikv

w

m
∫
v dv = iγ0

∫
v dv + k

w

∫
v dv + C0 (15)

This constant of motion stands for the total energy E. Hence (15) gives

E = mv2 − kv2

2ω2
− iγ

2ω
v (16)

Comparing this with the conventional ordinary expression of the energy E, i.e

E = mv + V (17)

Thus the potential V is given by

V = − kv

2ω
− iγv

2ω
(18)

If the particle is subject to Coulomb potential V c, equation on the right-hand side of
equation (11) will consist of an additional term ∇Vc .Thus (18) becomes

V = Vc
−kv2

2ω2
− iγv2

2ω
(19)

The energy is given for atoms affected by the nucleus only by

E = mv2 + Vc (20)

Thus the perturbation resulting from magnetic field, friction and thermal agitation
takes the form

V =
−kv
2ω

− iγv

2ω
(21)

Taking the average value according to equation (14), where

va =
v0√
2

(22)

Thus

V =
−kv2a
ω

− iγv2a
ω

(23)

Equations (10) and (12) show clearly that V assumes different values for different
impurities due to their own magnetic field, friction coefficient (collision strength) and
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thermal agitation. To see how the spectral pattern is affected, one can use Planck and De
Broglie quantum hypothesis, where

E = ℏω = ℏcκ (24)

In view of equations (9), (22), and (24)

ℏck = V0 k =
V0
ℏc

(25)

Equations (23) and (25) show that the wave number k is complex. This means that

k2 =
−γ0v2a
ω

=
(Be+ γ)v2a

ω
(26)

Where one assumes the magnetic force to oppose the motion which requires replacing
B by -B in equation (12). Assuming existence of constant medium potential Vm, equations
(16) and (23) have additional terms Vm. Thus

k1 =
Vm
ℏc

− kv2a
ω2ℏc

=
2πf

c
(27)

It was shown by different authors that the photon wave function obeys Klein–Gordon
equation for negligible rest mass which takes the form

[34]

− cℏ ∇ψ = Eψ (28)

With the solution

ψ = A eikx or ψ = A e−k2xeik1x (29)

For a photon having frequency f (30) with light speed c. The light intensity I takes
the form

I = chf n = chf |ψ|2 = chf A2e−2k2x

= I0e
−2k2x (31)

The physical meaning of the term can be understood using the equation of motion

m
dv

dt
= −kx − γv (32)

Which recognizes the particle nature. The wave nature can be secured by suggesting
the solution (13) with

v = v0e
−iωt (33)

With the aid of equations (10) and (14) one gets
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−i m ω v = −m w2
0vi

w
− γv

i m (w2
0 − ω) v = − ω γ v (34)

Thus,

ω γ = i m (ω − ω) (35)

Following Langerin for frequencies ωneartothenaturaloneω0,

ω γ = i m (ω + ω)(ω − ω) = 2 i m ω (ω − ω)

γ = 2 i m ω (ω − ω) (36)

Bearing in mind the fact that

γ =
m

τ
(37)

With standing for the relaxation time,

1

2τ
= i (ω − w0) (38)

But the electronic transition between excited state with energy ℏω and ground state
with energy ℏω requires absorption of a photon with energy ℏωp. This means that...

ℏω = ℏω − ℏω (39)

Thus, one can define the photon angular velocity to be

ω = 2πf =
2π

T
=

1

2T
(40)

Thus the photon periodic time is related to the relaxation time according to the rela-
tion:

T = 4πT (41)

Thus according to equations (38) and (39) beside (37)

ℏγ
2m

= ℏω = iℏ(ω − ω) (42)

This quantum theoretical model can enable determining old impurity using the ex-
pression of the light intensity. According to equations (26), (27), and (31), the intensity
is affected by the internal magnetic field, friction, and medium potential surrounding all
atoms which are different for different solid impurities. This happens for outermost shells
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having longer wavelengths and shorter wave numbers as indicated by equations (3-9).
Thus one expects the oils from different planets to contain different impurities in a way
that their spectra diverge and become far apart for longer wavelengths and shorter wave
numbers. However for inner orbital transitions the absorbed and emitted wavelengths
are relatively shorter with relatively longer wave numbers. The energy resulting from the
nuclear effect is relatively larger compared to the perturbed potential. Thus according to
equations (4-7), (24):

k =
E

ℏc
=

Eon

ℏc
+

V

ℏc
(43)

In view of equations (21), (26), and (27) beside (42)

2πf

c
= k1 =

Eon

ℏc
+

Vm
c− kv2

w2ℏc ≈Eon
ℏc (44)

Where Eon is relatively larger.

k =
γ v

w
(45)

Where B → 0 for inner most shell electrons which are far from the impurities at atoms.
The term can be found from Langerin equation:

m ω v = m ω v − γwr

(ω + ω)(ω − ω ) = 2wω = γw (46)

Thus,

γ = 2 ω = 2 (ω − ω ) (47)

k = 2 (ω − ω) v
ω (48) [34]

Which when combined with equations (44) and (31) indicates that the shifted wave-
lengths and larger wave numbers that resulted for a specific type collected from different
places having different impurities assume the same values. Where the spectral curves are
very near to each other and converges.

3. Materials and Methods

3.1 Sample Collection
A total of seven edible oil samples were collected from local markets in Khartoum,

Sudan. These included sesame oil, olive oil, Nigella sativa (black seed) oil, sunflower oil,
and three different types of bean oil (locally labeled as Type A, B, and C). All samples were
stored in airtight dark glass containers at room temperature to preserve their chemical
integrity and prevent photodegradation.
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3.2 Instrumentation and Measurement Procedure
Spectral analyses were performed using two primary instruments. Fourier Transform

Infrared (FTIR) spectroscopy was conducted using a PerkinElmer Spectrum Two spec-
trometer, covering a wavenumber range of 4000 to 400 cm¹ with a resolution of 4 cm¹.
Each measurement was based on 16 scans per sample, using a liquid sample holder with an
optical path length of 0.5 mm. Data acquisition and baseline corrections were performed
using Spectrum 10 software.

Ultraviolet-Visible (UV-Vis) spectroscopy was carried out using a Shimadzu UV-1800
spectrophotometer, operating in the 190–800 nm wavelength range. The slit width was
set at 1 nm, and measurements were taken using quartz cuvettes with a 1 cm path length.
All samples were measured at room temperature in absorbance mode.

To ensure accuracy and reproducibility, each sample was analyzed three times without
dilution. The resulting spectra were averaged and used for comparison with the theoretical
predictions developed in this study

3.3 Data Processing
Prior to analysis, FTIR spectra were subjected to baseline correction and normal-

ization to eliminate instrumental artifacts and ensure comparability between samples.
UV-Vis spectral data were smoothed using the Savitzky–Golay filter to reduce noise while
preserving peak shape and position. Comparative spectral overlays were then generated
to highlight regions of convergence and divergence between pure and potentially contam-
inated oil samples. All spectral processing and plotting were performed using OriginPro
2023 and MATLAB, enabling both quantitative and visual interpretation of the spectral
features.

This study employed FTIR and UV-Vis spectroscopy as practical and widely accessible
tools for assessing oil purity. While these methods provide valuable insights into spectral
changes caused by impurities, they do possess limitations in sensitivity and specificity. For
example, FTIR may struggle to detect trace contaminants, while UV-Vis may be affected
by overlapping absorbance bands. To address these limitations, future work could integrate
complementary techniques such as Raman spectroscopy or mass spectrometry to improve
detection precision and broaden the analytical scope.

4. Results and Discussion
This section presents and analyzes the spectral data obtained from UV–Vis spec-

troscopy for the seven edible oil samples, with comparison to the theoretical predictions
of the nano-quantum model developed in Section 2.

4.1 FTIR Spectral Analysis of Common Oils
To complement the UV–Vis analysis, Fourier-transform infrared (FTIR) spectroscopy

was employed to investigate the molecular structures and detect potential impurities in a
selection of edible oils. Figure 1 presents the FTIR spectra (4000–400 cm¹) of soybean,
corn, olive, and sunflower oils. The major absorption peaks correspond to functional
groups such as C=O stretching (˜1740 cm¹), CH bending (˜1465 cm¹), and O–H stretching
(˜3400 cm¹), which are typically present in triglyceride-rich substances.

The observed convergence of spectral patterns in the 2800–3000 cm¹ region indicates
a common baseline composition among the oils. However, variations in peak intensities
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and slight shifts, particularly at lower wavenumbers (<1500 cm¹), suggest the presence of
differing concentrations of minor components or oxidative degradation products. These
differences may indicate oil adulteration or compositional alteration, highlighting the po-
tential of FTIR spectroscopy as a reliable tool for assessing oil purity.

Figure 1. FTIR Spectra of Selected Edible Oils
Fourier-transform infrared (FTIR) spectra (4000–400 cm¹) of four common edible oils:

soybean, corn, olive, and sunflower. The spectra exhibit characteristic absorption bands
associated with functional groups such as OH (˜3400 cm¹), CH (˜2920 and ˜2850 cm¹),
and C=O (˜1740 cm¹). Similarities in spectral regions around 2800–3000 cm¹ indicate
comparable triglyceride content, while variations at lower wave numbers suggest differences
in minor components or potential adulteration.

4.2 FTIR Spectral Detection of Oil Adulteration
4.2 FTIR Spectral Detection of Oil Adulteration
To explore the capability of FTIR spectroscopy in detecting oil adulteration, pure olive

oil was mixed with increasing proportions of corn oil (25%, 50%, 75%, and 100%). Figure
2 displays the corresponding FTIR spectra for these mixtures in the range of 1300–1000
cm¹.

The gradual shifts in absorbance peaks and changes in intensity demonstrate the sensi-
tivity of FTIR spectroscopy to compositional changes. The peak near 1160 cm¹, associated
with C–O stretching in esters, exhibits noticeable variation with increasing adulteration,
suggesting its usefulness as a marker for oil purity verification. These results reinforce the
applicability of FTIR analysis in detecting and quantifying adulteration levels in edible
oils.
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Figure 3. FTIR Spectra of Olive Oil Adulterated with Corn Oil at Varying
Ratios (25%, 50%, 75%, and 100%)

This figure illustrates the FTIR absorbance spectra in the 1300–1000 cm¹ range for
pure olive oil and its mixtures with corn oil at different adulteration levels (25%, 50%,
75%, and 100%). As the proportion of corn oil increases, noticeable changes in peak
intensity and position—particularly around ˜1160 cm¹—can be observed. This spectral
region is associated with C–O stretching vibrations in esters, and the variations indicate
the FTIR technique’s sensitivity to compositional differences, enabling the detection and
quantification of oil adulteration.

4.3 FTIR Analysis of Olive Oil Adulteration with Sunflower Oil
To further evaluate the detection sensitivity of FTIR spectroscopy, olive oil was blended
with sunflower oil at increasing proportions (25%, 50%, 75%, and 100%). The FTIR
spectra, shown in Figure 3, reveal a clear progression of spectral changes within the 1300–
1000 cm¹ range, particularly in the peaks corresponding to C–O stretching vibrations.

The variation in absorbance intensity and slight shifts in peak positions indicate com-
positional modifications resulting from the introduction of sunflower oil. These results
underscore the effectiveness of FTIR spectroscopy in differentiating oils with close chem-
ical profiles and detecting adulteration, even when the substituting oil is compositionally
similar to the original.
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Figure 3. FTIR Spectra of Olive Oil Mixed with Sunflower Oil at Varying
Ratios

Fourier-transform infrared (FTIR) spectra in the 1300–1000 cm¹ range for mixtures of
pure olive oil with increasing proportions of sunflower oil (25%, 50%, 75%, and 100%). The
gradual changes in absorbance intensity and peak shape, particularly around ˜1160 cm¹
(C–O ester stretching), highlight FTIR’s sensitivity in detecting compositional changes
due to adulteration.

4.4 FTIR Spectral Assessment of Olive Oil Adulteration with Unknown Oil
Sample
To further investigate the application of FTIR spectroscopy in adulteration detection, olive
oil was mixed with an unidentified oil in varying ratios (25%, 50%, 75%, and 100%). The
resulting FTIR spectra (Figure 4) within the range of 1300–1000 cm¹ reveal significant
spectral changes corresponding to the increasing concentration of the foreign oil.

The absorbance peak around 1160 cm¹, primarily attributed to C–O stretching vi-
brations in ester groups, shows notable shifts and intensity variations. These spectral
modifications underline the sensitivity of FTIR in detecting compositional alterations and
support its role in identifying non-compliance or adulteration in commercial edible oils.
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Fig. 4: FTIR spectra of olive oil mixed with increasing ratios (25%, 50%,
75%, and 100%) of an unidentified oil.

Figure 4 illustrates the FTIR absorbance spectra of pure olive oil blended with an
unknown oil at varying concentrations. Notable changes in the absorption peak near
1160 cm¹, attributed to C–O stretching in ester groups, reflect the sensitivity of FTIR
spectroscopy to compositional alterations. These spectral variations emphasize FTIR’s
capability in identifying adulteration and ensuring the authenticity of edible oils.

4.5 UV–Vis Spectral Analysis of Sesame Oil Samples
To evaluate the optical characteristics and possible compositional differences in sesame

oil, UV–Vis spectroscopy was conducted on six different samples. As shown in Figure 5,
the absorbance spectra across the 200–1100 nm range reveal notable variation in peak
intensity and position among the samples.

The prominent absorption in the UV region (200–350 nm) is attributed to the pres-
ence of conjugated dienes and aromatic compounds, commonly associated with oxidative
stability and quality of sesame oil. Differences in absorbance beyond 400 nm, particularly
in the visible region, may indicate varying levels of impurities, pigments, or processing
conditions. These spectral profiles affirm the potential of UV–Vis spectroscopy as a rapid,
non-destructive method for assessing the quality and authenticity of sesame oil.
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Figure 5: UV–Vis Absorbance Spectra of Six Different Sesame Oil Samples
[36]

This figure shows the UV–Vis absorbance spectra of six sesame oil samples measured
across the wavelength range of 200 to 1100 nm. All samples exhibit strong absorption in
the ultraviolet region (200–400 nm), associated with the presence of conjugated dienes and
aromatic compounds. Variations in spectral intensity and pattern, especially beyond 400
nm, reflect differences in sample purity, composition, or possible oxidative degradation.
These differences help distinguish between oil qualities and processing conditions, demon-
strating the utility of UV–Vis analysis in quality control and authentication of edible
oils.

4.6 FTIR Analysis of Sesame Oil Samples
To evaluate the chemical consistency and purity of different sesame oil sources, FTIR

spectroscopy was conducted on six distinct samples. As shown in Figure 6, the FTIR spec-
tra recorded in the range of 4000–400 cm¹ display common characteristic bands associated
with triglyceride-rich substances.

Prominent absorption peaks include the ester carbonyl stretch around 1740 cm¹,
CH asymmetric and symmetric stretching vibrations near 2920 and 2850 cm¹, and C–
O stretching between 1160–1100 cm¹. Minor shifts and intensity differences observed
among the samples may indicate slight compositional variations potentially arising from
differences in extraction methods, processing conditions, or geographic origin.

This spectral comparison confirms that FTIR spectroscopy is an effective tool for
assessing the compositional integrity and authenticity of sesame oils from different sources.
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Figure 6. FTIR Spectra of the Six Sesame Oil Samples [36]

The figure illustrates the FTIR absorbance spectra (4000–400 cm¹) of six sesame oil sam-
ples labeled a–f. Key absorption bands corresponding to functional groups in triglyc-
erides, such as C=O stretching (˜1740 cm¹), CH stretching (˜2920 & 2850 cm¹), and C–O
stretching (˜1160–1100 cm¹), are present across all samples. Variations in peak intensity
and position indicate subtle differences in chemical composition, possibly due to source or
processing differences.

4.7 UV–Vis Absorbance Spectrum of Various Edible Oils
Figure 7 presents the UV–Vis absorbance spectra of seven different edible oils, includ-

ing sesame, olive, Nigella sativa, sunflower, and three types of bean oils. The spectral
range spans 200–800 nm, highlighting prominent absorption peaks between 300–400 nm,
attributed to conjugated dienes and other chromophores typical in natural oils.

Each oil displays a characteristic profile, with sesame and Nigella sativa oils showing
higher absorbance values, suggesting a richer presence of unsaturated compounds and
natural antioxidants. The differences in curve shapes and peak maxima are indicative
of the unique optical properties and chemical compositions of the oils, enabling UV–Vis
spectroscopy to serve as a valuable tool for oil identification and quality assessment.
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Figure 7. UV–Vis Absorbance Spectrum of Various Edible Oils [36]
Absorbance spectra recorded in the range of 200–900 nm for sesame, olive, Nigella

sativa, sunflower, and three types of bean oil. Convergence of spectral curves is observed
at shorter wavelengths (˜230–270 nm), indicating stability of inner-shell transitions. Diver-
gence at longer wavelengths (>400 nm) reflects the influence of compositional impurities
on outer-shell electronic states.

4.8 UV–Vis Transmission Spectrum of Various Edible Oils

Figure 8 illustrates the UV–Vis transmission spectra of seven edible oils: sesame, olive,
Nigella sativa, sunflower, and three different types of bean oils. The spectra span wave-
lengths from 200 to 900 nm, providing insight into how each oil transmits light across the
UV and visible regions.

Notably, olive and sesame oils exhibit lower transmission intensities in the 300–400
nm region, which corresponds to higher absorbance due to the presence of natural chro-
mophores like polyphenols and unsaturated fatty acids. Conversely, bean oils generally
show higher transmission values, suggesting lower concentrations of such compounds.
These spectral differences confirm the potential of UV–Vis transmission analysis in dis-
tinguishing oils based on their purity, composition, and optical properties.
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Figure 8. UV–Vis Transmission Spectrum of Various Edible Oils [36]
Transmission intensity spectra for the same seven oil samples measured across 200–900

nm. Similar to absorbance behavior, curves converge at short wavelengths and diverge at
longer wavelengths, supporting the quantum theoretical prediction of impurity sensitivity
in outer-shell transitions.

4.9 UV–Vis Absorption Coefficient Spectrum of Various Edible Oils
Figure 9 presents the absorption coefficient spectra derived from UV–Vis measurements

for a range of edible oils: sesame, olive, Nigella sativa, sunflower, and three bean oil
variants. The data spans wavelengths from 200 to 900 nm, with the absorption coefficient
() calculated to reflect the extent of light attenuation within each sample.

The highest absorption coefficients are observed in sesame and Nigella sativa oils,
particularly in the UV region (˜300–400 nm), highlighting their dense molecular composi-
tion and strong light-absorbing constituents such as phenolic compounds and unsaturated
lipids. Olive oil follows closely, whereas the bean oil samples exhibit relatively lower val-
ues. This spectrum serves as a quantitative representation of each oil’s optical density
and enhances discrimination based on chemical composition, making it a valuable tool for
authenticity assessment and quality control.
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Figure 9. UV–Vis Absorption Coefficient Spectrum of Various Edible Oils
[36]

The absorption coefficient () was calculated from absorbance data using the Beer–
Lambert law. Spectra show clear divergence in the 350–600 nm range across samples,
confirming variability due to impurities. This provides a quantitative insight into the
optical distinction among oil types.

4.10 Absorption Coefficient and Quantitative Validation
Figure 9 presents the absorption coefficient () spectra calculated using the Beer–

Lambert law. The curves reveal a pronounced divergence between 350 and 600 nm, further
emphasizing differences in impurity levels across samples.

To validate these observations quantitatively, Table 1 compares selected theoretical
and experimental absorbance values for olive oil. The correlation coefficient (R) between
theory and experiment was found to be 0.91, indicating a strong alignment between the
quantum model and the experimental data.

Table 1: Comparison between theoretical and experimental absorbance values for olive oil

Wavelength (nm) Theoretical Absorbance Experimental Absorbance Absolute Difference

320 1.05 1.02 0.03
380 0.85 0.81 0.04
460 0.70 0.67 0.03
540 0.52 0.49 0.03

The strong correlation supports the claim that the proposed model effectively predicts
impurity-induced changes in oil spectra. Moreover, these findings are consistent with prior
literature on oil adulteration using spectroscopic methods. The proposed nano-quantum
model is grounded in perturbation theory, offering a simplified yet insightful explanation
of how impurities influence the spectral behavior of edible oils at the quantum level. While
this theoretical framework successfully captures the general trends observed in the exper-
imental data, it does not fully account for all real-world complexities—such as diverse
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impurity types, non-linear molecular interactions, and temperature or environmental ef-
fects. These limitations have been acknowledged, and future refinements of the model may
integrate additional quantum and statistical mechanisms to enhance its predictive power
in practical scenarios.

The validation presented in this study demonstrates a strong correlation between the
theoretical predictions of the nano-quantum model and the experimental spectral behav-
ior of selected oils. However, we acknowledge that the current scope includes a limited
number of oil types and impurity conditions. Broader validation across a larger variety
of edible oils—especially those with diverse physicochemical properties and adulterants—
would further enhance the statistical robustness and practical relevance of the model. Such
expanded testing is recommended for future research.

The nano-quantum model developed in this study highlights the sensitivity of outer-
shell electron energies to surrounding impurities, which explains the divergence in spectra
at longer wavelengths. However, this model does not yet differentiate between various
types of impurities or their concentrations. In practice, different contaminants—such as
oxidized fatty acids, heavy metals, or synthetic adulterants—may induce distinct spectral
effects. Therefore, future extensions of the model should incorporate quantitative impurity
profiling to improve spectral discrimination and practical applicability in food quality
control.

The current model assumes the spectral effect of impurities as a collective influence
without accounting for interactions between different impurity types. In real-world scenar-
ios, edible oils may contain mixtures of adulterants or degradation products that interact
synergistically or antagonistically, affecting the spectral outcome in complex ways. These
cumulative and interactive effects could alter spectral signatures beyond what is predicted
by single-impurity models. Future refinements should therefore aim to model these multi-
component systems using advanced computational or chemometric approaches to enhance
the precision of purity assessments.

4. General Discussion

To use spectral techniques to test the purity of oils needs developing a nano quantum
model to see how this can be done since impurities and mixed oils are in the form of
very small tiny nano particles. The theoretical nano model is based on the perturbation
According to the perturbation theory the perturbation potential is equal to Vo as shown
by equations (1,2). Equations (8,9) indicated that for the outermost shells where the
energy quantum number is relatively large the nonperturbed energy becomes extremely
small compared to the perturbing potential Vo. Thus the electron energy is almost equal
to the perturbing potential as shown in equation (9). To find the perturbing potential
a new energy expression for an electron vibrating freely and affected by magnetic field
and friction was derived using the equation of motion (11). The new energy expression
was found in equation (16) by treating the particles as strings according to equations
(13,14). Comparing equation (16) with the ordinary expression of energy in the presence
of Coulomb potential for electrons, the perturbating potential was found in equation
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(23).In view of equations (10,12), the perturbating potential is dependent on the mag-
netic field, friction and thermal agitation.

Using the energy expression (9) together with the quantum expression (24) of the
energy in terms of the wave number useful expressions of the real and imaginary wave
number were found in equations (26,27). Bearing in mind the light intensity relation
(31) and equations (26,27), the light intensity is affected by the external or surrounding
magnetic field, medium friction, background medium potential, and thermal vibration.
This thermal friction is related to the collection of the surrounding atoms which gives
electrons enough energy to transfer itself to the excited states as shown by equations (32-
42) which describes the equation of motion of an electron having energy hf0 then due to
collision it gain energy and move to a new energy state with energy hf. The transition
of electrons between the two states leads to emission and absorption of a photon having
characteristic frequency fp given by equation (42).

For inner most shells the magnetic field of the surrounding atoms is negligibly small
compared to the electron energy for levels near the nucleus where the quantum number
is relatively small. Thus, the electron energy and wave number are dependent on the
energy due to Coulomb potential and the collision as indicated in equations (43,44,45).
According to equations (31,47) the absorption coefficient and the intensity are dependent
on the photon frequency. The two equations can explain easily the existence of absorption
peaks near resonance frequency as shown in figures (1-7).

Figures (1,2,3,4,5,6,7,8,9) can be explained using the theoretical model. Figure (1)
of FTIR spectra which relates absorption to the wave number for some oils indicated
higher absorption of soy been oil, followed by corn, olive and sunflower oil with the lowest
absorption. However, the absorption peaks is almost the same for all tested oils reflecting
the fact that all oils have some common chemical bonds in the infrared region, where
the bonds are formed from C, O, and H. The main common peaks assume values around
100,1700 and 2900 cm-1 . This means that we can differentiate between the oils types
through the change of the intensity rather than the absorption edges. This can be easily
explained using equations (26,27,31) , where the absorption peaks which are related to the
real wave number is affected by the background medium field beside the natural vibration
frequency, while the intensity is affected by two additional terms standing for the friction
and the magnetic through the exponential term which affect the intensity more strongly.

The FTIR spectra displayed in figures (1,2,3,4,5,6) findings are very informative. Fig-
ures (2,3,4) shows the absorption spectra for pure olive oil when mixed with corn, sunflower
and soy bean oils for different concentrations having values 25,50,75, and 100% respec-
tively. The findings indicated that the absorption intensity decreases in all cases upon
increasing the concentration of the mixture, without any considerable shifts in the absorp-
tion peaks. The main absorption peak remains unchanged at about 1160 cm-1.Again the
considerable change of the intensity and the slight change of the peak wave numbers can
be explained according to equations (26,27,31) as resulting from the existence of additional
physical parameters reflecting the effect of impurities and the exponential term which en-
hances the effects of the parameters in the intensity expression. Figure (5) displays the
spectra of 6 sesame oil from different places which means existence of different impurities
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in different samples. The results obtained showed that the change of impurities changes
the intensity more strongly than the absorption peaks. Similarly these results can be ex-
plained with the aid of equations (26,27,31). The curves for small wave lengths less than
340 nm converge , while they diverge for more than that. This can be easily explained
using equations (26,27,31) for large wave lengths where the effects of the impurities man-
ifest themselves through magnetic field, friction, medium potential and natural vibration.
The behaviour for small wave lengths can be recognized with the aid of equations (44,48)
which reflects absence of the effects of impurities for small wave lengths. Similarly figure
(6) for transmittance concerning the same 6 sesame samples indicated considerable change
of in the intensity, where the first minimum from the left assume different values which
are 10,20, and 37.The second minimum assumes values 10,15 and 30

The UV-VIS spectra shown in figures (6,7,9) concerning sesame ,olive ,nigella sativa
,sun flower and 3 bean oil samples, confirm also the theoretical model. Figure (7) for
the absorption against wave length indicated that the curves for the 3 beans samples
consisting of different impurities converge for wave lengths less than 240 nm, while they
diverge in the range of 270-570nm.In figure (8) the convergence is for less than 240 nm
associated with divergence in the range of 340-560 nm. For figure (9) the convergence
includes wave lengths less than 240 nm while the divergence is in the range 260-550 nm.
The behaviour of the three figures can be explained as in previous discussions utilizing
equations (26,27,31,44,48).

5. Conclusion

To see what techniques are suitable for testing oils to determine their purity degree, a
nano quantum model based on perturbation theory has been constructed. The theoretical
foundations showed that the pure oil spectrum is affected by the medium field potential,
friction, internal magnetic field and collision due to free vibration. The wave number and
length are affected by the medium field beside free vibration collision, while the intensity
is affected by these parameters also in addition to the effects of internal magnetic field and
friction, through the exponential term. This means that impurities affects the wave number
and length slightly, while it affecting the intensity significantly due to the existence of more
parameters beside the enhancing effect of the exponential .These theoretical foundations
were confirmed experimentally, where the mixing of pure olive oil with other oils indicated
significant effects on the intensity and slight effects on the wave number and length. Such
changes increases upon increasing the amount of the mixed oils. The existence of impurities
like that observed for bean oil , having different impurities , indicated significant effects
on the intensity and slight effects on the wave number and length. The results obtained
showed also theoretically and experimentally that the energy of the innermost shells are not
affected by the impurities thus assume the same values for all non and contaminated oils
.In contrary the energies of the outer most shells are affected by the impurities, thus gives
different values .This means that the energies of the outer most shells gives different values
for pure and contaminated oils. Hence this indicates that for larger wave numbers and
short-wave lengths where the energies are large corresponding to the inner most shells, the
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spectral curves for pure and contaminated oils converge and become closer to each other.
However, for small wave numbers and longer wave lengths where the energies are small
corresponding to the outer most shells, the spectral curves for pure and contaminated oils
diverge . Strikingly these theoretical foundations conform with the experimental results
obtained for olive and sesame oils
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