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Study of the glucose concentration in the glucose-distilled water solution using FTIR
spectroscopy
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Faculty of Physics, Iran University of Science and Technology, Resalat Square, Tehran-Iran
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Abstract- Glucose is one of the most common carbohydrates in living organisms and is found in abundance in foods with
sweet flavors, it comes in two forms: a-D glucose and B-D glucose; The difference between these glucose differs in the
way the carboxyl group is connected to a carbon atom. Due to the similarity in physical properties, type recognition of a
sugar before connecting it to a molecule can be challenging. In this study, using near-infrared spectroscopy, due to its
convenient and non-invasive operation glucose concentration (milligrams per deciliter) can be estimated. In this study, to
investigate the effect of concertation on the FTIR spectrum, glucose powder of different concentrations was dissolved in
distilled water and structured in laboratory conditions. The resulting adsorption peaks have a decreasing trend which can
be due to the formation of new hydrogen bonds and thus reduce the optical dispersion after glucose dissolves in water.
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1. Introduction

Glucose is a crucial carbohydrate that is widely present
in living organisms and is primarily characterized by its
sweet flavor[1]. However, the most significant form of
glucose is its presence in the bloodstream, commonly
referred to as blood sugar. It serves as the primary energy
source for living beings. As illustrated in Fig. 6, glucose
is also as a precursor for various other compounds,
including fructose and galactose. Monitoring glucose
levels is essential across multiple domains, including
agriculture and medicine. Research indicates that
infrared spectroscopy, the technique utilized in this
article, is a promising approach for the non-invasive
assessment of glucose[2]. The ability to measure glucose
non-invasively holds significant importance.

CH,OH CH,0H

CH,OH _
o % _ 0. OH OH | O oH

OH OH OH
CH,O0H

OH
OH oH

Glucose Fructose Galactose

Fig. 6: The carbon structure of glucose, fructose, and galactose

(3]

Glucose is categorized into two anomeric forms: a-D and
B-D [4]. Its molecular formula is C6H1206, which
contains five hydroxyl (OH) functional groups. When
glucose powder is dissolved in water, the glucose
molecules interact with water molecules through
hydrogen bonding, leading to a homogeneous solution.
The primary bonds formed between glucose and water
include C-H, O-H, CH2, C=0, and C-C. Many of these
bonds are also present in the interactions between glucose
and blood, enabling researchers to study glucose in
aqueous solutions due to the structural similarities
between blood and water. Infrared spectroscopy is used
to differentiate the types and quantities of these bonds.

FTIR spectroscopy is a non-destructive characterization
technique that offers high speed and sensitivity, allowing
for the simultaneous measurement of frequencies within
a matter of seconds. However, this method typically
exhibits a low signal-to-noise ratio.

2. Method

In this study, solutions of distilled water and glucose with
varying concentrations were prepared as follows:
Initially, pure glucose and distilled water were obtained
in sufficient quantities, as outlined in part (a) of Fig. 7
Using a digital scale, the required amounts of glucose
(50, 120, 200, and 300 mg, respectively) were measured
and completely dissolved in 20 cc (ml) of distilled water
in a beaker (Fig. 7-(b)). Subsequently, the volume of each
solution was adjusted to 100 ml using a graduated pipette,

and the mixture was thoroughly stirred to ensure even
distribution of the glucose molecules throughout the
solution. After the solutions were prepared, 5 ml of each
sample was collected for testing and placed in the FTIR
device, as indicated in part (c) of Fig. 7.

Fig. 7: (a) Glucose powder, (b) making solution, (c) preparing
samples

For each of the prepared samples, the FTIR tests were
conducted twice: once in absorption mode and once in
transmission mode. The wavenumber range measured for
this research extended from 1300 cm™ to 10000 cm™.
This range allows for the analysis of various molecular
vibrations and functional groups present in the glucose
solutions.

The FTIR spectrometer system utilized in this research
was manufactured by PerkinElmer, specifically the
Spectrum 100 model.

According to Eq. (1) and Eq. (2), The Beer-Lambert law
is a fundamental principle used to quantify the amount of
light absorption in samples[5].

— d
I = I Oe lueff (1)

ll’leff =(lLla’ILlS) )

3. Results

The graphs obtained from the FTIR spectroscopy for the
absorption state of the tested glucose solutions at
different concentrations are presented in Fig. 8.
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Fig. 8: Intensity of light absorption for solutions with different
concentrations

The infrared spectrometer is capable of distinguishing
various molecular bonds formed from the interaction of
glucose and water molecules at different wavenumber
regions. Some of these notable molecular bonds and their
corresponding wavenumbers are as follows[6]:

5621 cm™: C-H, 5740 cm™: C-H, 6825 cm™: O-H, 7050
cm': C-H or O-H, 7820 cm™: O-H, 8070 cm™: C-H,
8830 cm™: C-H, 9236 cm™: C-H.

These peaks correspond to specific vibrational modes of
the molecular bonds present in the glucose-water system.

In this article, three prominent peaks corresponding to
specific wavenumber regions, which are associated with
molecular bonds formed between glucose and water
molecules, have been simulated using Origin software.
The raw spectral curves for each sample were
individually analyzed and fitted using the Gaussian
function within the software’s analysis section. To
analyze the spectroscopic data and curves, the results
derived from the curve fitting process, including the peak
position, intensity, and the area under the graph at the
absorption peak, have been utilized. An example of the
simulated curve corresponding to the absorption peak at
a wave number of 6825 cm-1, associated with the O-H
bond, is presented in Fig. 9.

T T T T T
6900 6850 6800 6750 6700
Wavenumber (cm™?)

Fig. 9: Simulated Gaussian distribution graph for a bond within
a designated wavelength range

FTIR spectra pertaining to C-O and C-H bonds have been
simulated and analyzed across various concentrations.
The examination of the absorption peak positions
indicated that alterations in glucose concentration did not
result in significant changes in the peak locations for both
compound types studied; hence, the relevant graphs are
omitted from this discussion. Fig. 10 and Fig. 11 illustrate
the absorption intensity and the area beneath the FTIR
spectrum diagrams associated with C-O and O-H bonds,
specifically within the wavenumber ranges of 7750 cm-
1, 7890 cm-1, and 8830 cm-1.

To enhance the observation and analysis of the data, the
graphs have been fitted with the exponential function
y=a-b*c”x. Additionally, to account for the 10% error
resulting from measurements and calculations, error bars
have been incorporated into the graphs.

m Bond:C-0, Wavenumber : 7750 cm™
1 m Bond: C-H, Wavenumber : 7890 cm™
s Bond:C-H, Wavenumber : 8830 cm™

Absorption Intensity (A.U)

50 100 150 200 250 300
Density (mg/dl)

Fig. 10: Graphs depicting the concentration and intensity of
light absorption for various bonds
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Fig. 11: Graphs illustrating the concentration and the area
beneath the curve of stimulated absorption peaks for various
bonds

Fig. 10 and Fig. 11 use a log10 scale for clarity. In Fig.
10, the C-O and C-H bond curves show that as glucose
concentration in water increases, absorption intensity
decreases. Fig. 11 reflects a similar trend in the
subdiagram surface parameter, indicating that both
absorption intensity and spectrum area at corresponding
peaks decline with higher glucose concentrations. This
decrease may be due to new hydrogen bond formation,
reducing dispersion as glucose dissolves. These findings
align with previous research on the topic[6].

4, Conclusion

The study finds that higher glucose concentrations in
glucose-water solutions lead to decreased absorption
intensity and area under the curve for C-O and O-H
bonds, suggesting similar effects may apply to other
molecular bonds. Despite an increase in molecular bonds,
absorption characteristics diminish, indicating complex
interactions  involving new  hydrogen  bonds.
Additionally, the parameter Xc, which indicates peak
locations from Gaussian fitting, is ineffective for
estimating glucose concentration, as these peaks remain

stable across varying concentrations. These findings have
significant implications for non-invasive blood glucose
measurement technologies. The research team aims to
apply these results to actual blood samples, particularly
in patients with high blood sugar, with the expectation of
developing effective non-invasive optical techniques for
glucose monitoring, ultimately improving diabetes
management and quality of life.
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Optical Surface CT Scan

Pouya Parvizian, Amirhossein Saedpanah, Hamidreza Safari and Seyed Rouhollah Hosseini
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Abstract- In this study, a 3D model of the outer surface of an object was generated using the visible light CT scan
mechanism. In this method, instead of using conventional X-rays in CT scans, visible light was used and by rotating the
object in front of the light, a large number of images of the object's shadow on the screen were obtained. Finally, with the
help of software methods for reconstruction, a 3D model of the outer surface of the object was produced. On the one
hand, this 3D model allows for a precise examination of the geometry and dimensions of the object to an accuracy of 100
micrometers, and on the other hand, this method has the ability to be used to increase the image quality of the edges of

the object in X-ray CT scans. This model can also be considered a good method for teaching the X-ray CT scan process
in the industry for beginners.

Keywords: Reconstruction, CT scan, 3D model, Visible light, Geometry and dimension
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Preparation of AZO Thin Films and Characterization Its Structural and Optical Properties
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Nik and Esmaeil Jangjoo

Photonics and Quantum Technologies Research School, Nuclear Science and Technology Research Institute NSTRI,
Tehran, Iran

* rkhatiri58@gmail.com

Abstract- In this paper, the thin layer of aluminum-doped zinc oxide (AZO) has been fabricated and characterized by
sol-gel deposition methods and dip coating. The results obtained from the X-ray diffraction pattern indicate the formation
of preferred crystal structures of zinc oxide, with no additional peaks related to aluminum oxide structure observed. The
size of zinc oxide crystallites for the best sample has been calculated at around 18 nm. Scanning electron microscope
images show that the prototypes of spherical particles are very aggregation and have a rough surface, which becomes
more uniform in morphology with increasing temperature and annealing time. The average thickness of the thin layer for
the best sample is 172 nm, indicating the formation of a dense thin layer. The absorption spectra of thin films show that
all the fabricated thin films transmit light well in the visible region, and as the wavelength of light decreases into the
ultraviolet region, the transmission of light through the AZO layers decreases to the absorption edge at a wavelength of
375 nanometers, where light absorption occurs at this wavelength

Keywords: Dip coating, Scanning electron microscopy, Thin layer, X-ray diffraction, Zinc Oxide.
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Effects of Incident Laser Pulse Shape on Coherent Wake Emission

Mohammad Nasir Rostami Ravari, Alireza Ganjovi

Photonics Department, Sciences and Modern Technologies Faculty, Graduate University of Advanced Technology,
Kerman, Iran

Laser Research Department, Institute of Science and High Technology and Environmental Science, Graduate University
of Advanced Technology, Kerman, Iran

mnrravar@chmail.ir, alirezaganjovi@gmail.com

Abstract- In this article, the changes in the Coherent Wake Emission with the incident laser pulse shape change are
investigated by the Particle In Cell simulation with Monte Carlo Collisions (PIC-MCC). According to the findings of this
article, the best conditions for producing CWE occur in half-sine form. Also, the minimum generation of CWE is created
with the Gaussian pulse shape. According to the results of this article, further research on optimization for CWE with this
shape can be done.

Keywords: CWE, PIC-MCC, Pulse Shape
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Identification of Optical Modes of Square Chiral Manganese Nanostructures Using the
Kramers-Kronig Method

*Mahsa Fakharpour, **Shayesteh Moghadassi
*The Department of Physics, Central Tehran Branch, Islamic Azad University, Tehran, Iran
**Department of Optics and Laser, Central Tehran Branch, Islamic Azad University, Tehran, Iran

mahsa.fakharpour@yahoo.com, shayestemoghadasi@gmail.com

Abstract - In this study, Mn square chiral nanostructures were prepared and characterized. The morphology, grain size
and film thickness were investigated using FESEM images. Optical parameters, longitudinal and transverse modes were
measured using the Kramers-Kronig method. By increasing the number of sides of the chiral square from 8 to 9, the
position of the peaks of the transverse and longitudinal modes increased and decreased respectively.

Keywords: Manganese square chiral nanostructure, Kramers-kronig method, Optical modes.
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Determining the diameter and refractive index of optical fibers by the method of digital
holographic microscopy (DHM)

Bahador Latifian 1, Mohammad Hossein Mahdieh 2
Department of Physics, Iran University of Science and Technology, Narmak, Tehran, Iran

1) eellyal2_mahdi@yahoo.com , 2) mahdm@iust.ac.ir

Abstract- Digital holography (DH) is a method for digital recording and numerical reconstruction of optical wave
information, including amplitude and phase. As an application of DH, Digital holographic microscopy (DHM) is
employed to investigate very small dimensional objects such as an optical fiber. The technique is based on the interference
pattern that is produced by interferometer and determination of phase shift induced by small object. In this research, by
means of off-axis DHM configuration and Mach-Zehnder interferometer, 3-D information of an optical fiber core was
extracted from the hologram recorded by CCD camera. The fiber was a multimode 50 pm diameter (refractive index of
1.45). The information was reconstructed by MATLAB software according using Fresnel transform method (FTM) and
angular spectrum method (ASM). The diameter and refractive index were extracted by measuring the phase difference of
propagated wave from the fiber core.

Keywords: Numerical reconstruction, Mach-Zehnder interferometer, Optical fiber, Digital holographic microscopy
(DHM).
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Analytical and Numerical Investigation of Spectral Purity and Longitudinal Coherence of the
Rainbow

Saman Yarabi; Mohammad Hossein Jannati; Alireza Rahmani; Masoud Rezvani Jalal
Department of Physics and Engineering of Optics and Laser, Malayer University, Malayer

rezvanijalal@malayeru.ac.ir

Abstract- In the present paper, first, the formation of rainbow in the reflection of sun light from rain drops is simulated.
Then, angular size of the sun from an earth observer (nearly 0.5 degree) and its effect on the spectral purity of the rainbow
and its longitudinal coherence is numerically investigated. It is found that the angular width of the sun reduces the spectral
purity of the rainbow. It is also shown that, the rainbow light has more coherency that the direct sunlight.

Keywords: Rainbow, Dispersion, Spectral purity, Coherence.
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Fabrication and Comparison of substrates manufactured by graphene oxide for graphene-
enhanced Raman (GERS)

Zahra Sabzevari 1, Maryam Bahreini 2*, Maryam Davari 3
1,2,3 School of Physics, Iran University of Science and Technology, Tehran, Iran

1 Sabzevarizahra78@gmail.com, 2*m_bahreini@iust.ac.ir, 3 Marryamdavari@gmail.com

Abstract- Given the unique properties of graphene and its derivatives such as graphene oxide, it has recently been used
to produce substrates for enhancing Raman spectroscopy, known as Graphene-Enhanced Raman Spectroscopy (GERS).
In this article, Raman signal enhancement is carried out using three different methods. The first method involves
producing the substrate by spraying a graphene oxide suspension with distilled water as the solvent. The second method
consists of spraying a graphene oxide suspension with ethanol as the solvent, and the third method requires spin coating
a graphene oxide suspension with distilled water as the solvent onto a glass slide. Subsequently, the effect of different
substrates on the enhancement of R6G Raman spectra intensity is compared, and it is determined that the spin coating
method performs the best in enhancing Raman spectroscopy.

Keywords: Enhancement, Enhancement Raman spectroscopy, Graphene oxide, Rhodamine
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Investigating the second harmonic efficiency in the P-polarized Laguerre-Gaussian laser-
plasma interaction

Sara Sohrabil, Saeid Jelvanil,2, Katayoon Samavatil*, Laleh Farhang Matinl
1 Department of Physics, North Tehran Branch, Islamic Azad University, Tehran, Iran

2 Photonics and Quantum Technologies Research School, Nuclear Science and Technology Research Institute, Tehran,
Iran

SaraSohrabi60@gmail.com, sjelvani@yahoo.com, *k_samavati@iau_tnb.ac.ir, Laleh.matin@gmail.com

Abstract- In this article, an analytical study of the second harmonic efficiency (SHE) is presented in the interaction of a
P-polarized weak relativistic laser beam with homogeneous under-dense plasma. The changes in the SHE obtained with
P-polarization have been analyzed concerning the laser radiation angle, Laguerre mode, and spot size. It is shown that
there is a maximum radiation angle where the SHE is maximum. the SHE increases by increasing the larger mode and
decreasing the laser spot size.

Keywords: Laguerre-Gaussian laser beam, under-dense plasma, P-polarization, second harmonic efficiency
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Optical gap engineering in atomically thin monolayers of molybdenum ditellurid (MoTe2)

Sadeghi Dastjerdeh, Nazanin ; Fouladi Oskouei, Javad
Department of Physics, Faculty of Science, Malayer University, Malayer, Iran

nazaninsadeghil3823@gmail.com, j.fouladi@malayeru.ac.ir

Abstract- In present work, we have investigate theoretically two interacting massive Dirac particles which form the
exciton in monolayer molybdenum ditelluride(MoTe2). The exciton energy dispersion, and its effective mass are obtained
in monolayer MoTe2. We find that the binding energy and its effecive mass of A exciton are both smaller than B exciton.
By considering two MoTe2 monolayers, which separated by a dielectric layer, the exciton effective mass can be tuned

continuously by the interlayer separation. The maximum values obtained for the effective mass change of spin-up and

spin-down excitons with a 2-nm-thick hexagonal boron nitride dielectric layer are 1.12 and 1.42 times of the electron rest
mass, respectively. This approach can be used for the optical gap engineering in other two-dimensional materials for use
in photonic and optoelectronic nanodevices.

Keywords: Exciton, two-dimensional materials, monolayer molybdenum ditelluride, optical gap
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Analysis of Compressed Plasma Dynamics Under Laser Influence and Achieving Nuclear
Fusion

Abbas Fallah*, Fatemeh Rezaei
Tehran, Shariati, Khaje Nasir Toosi University of Technology, Physics Faculty

Mr.abasfallah@gmail.com

Abstract - In this research, the simulation and analysis of compressed plasma using high-energy lasers to achieve
controlled nuclear fusion reactions are investigated. A physical model, including the increase in density, temperature, and
electric field due to plasma compression, has been developed and simulated using parameters from the National Ignition
Facility (NIF). The results indicate that the plasma temperature reaches sufficient values to initiate fusion, and the energy
produced by this reaction increases significantly. The profiles of density, pressure, and magnetic field are also examined,
and their effects on energy gain are evaluated.

Keywords: Plasma, Fusion energy production, Plasma density, Plasma temperature, Nuclear fusion
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Nonlinear optical and plasmonic properties of colloidal silver nanoparticles: effect of L-
alanine

Shirin Adampour, Soheil Sharifi, Mehdi Khazei
Department of Physics, Faculty of Science, Ferdowsi University of Mashhad, Mashhad, Iran

shirinadampour@gmail.com, ssharifi@ferdowsi.um.ac.ir, khazaeinezhad @um.ac.ir

Abstract: This research has investigated the effect of L-Alanine amino acid properties on nonlinear optical and plasmonic
properties of silver nanoparticles. Silver nanoparticles show a plasmonic peak at the wavelength of 420 nm, which
increases with the increase of L-alanine up to 0.001 mM, the peak width increases, and the absorption coefficient
decreases. which shows the reduction of the plasmonic properties of silver nanoparticles. The results of the open valve of
Z-scanner indicate the increase of nonlinear absorption of silver nanoparticles along with the increase of L-alanine

Keywords: amino acid, Absorption coefficient, Nonlinear optics, silver nanoparticles, Z-scanner
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Modeling and Simulation of the Self-Terminating Behavior in a Nitrogen laser

Elahe Pouladkhay, Masoud Rezvani Jalal
Department of Physics, Faculty of Science, Malayer University, Malayer

rezvanijalal@malayeru.ac.ir

Abstract- The purpose of this research is to simulate the population inversion in a nitrogen laser and emission of laser
light using rate equations. To this aim, firstly, the physical properties of the energy levels involved in the laser operation
and governing equations of their populations and also photon densities is presented. Then, the mentioned equations are
solved numerically by a computer code. It is found that such a laser has the self-terminating behavior and cannot be
operated in continuous wave (or CW) mode. One way to dominate such phenomenon is to use pulse pumping. The pulse
pumping can resuscitate the laser radiation but nearly 96 percent of the time will dissipate to depopulate the level 1 of
laser and retain the population inversion.

Keywords: Self-termination, Simulation, Nitrogen laser, Modeling, Rate equations.
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