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Abstract. Carbon quantum dots (CQDs) are emerging nanomaterials with unique optical properties that can be tuned by con-
centration and external conditions. However, their nonlinear behavior under laser, magnetic, and thermal treatments remains
insufficiently explored. Understanding how these factors influence refractive index and transmittance is crucial for advancing their
application in optoelectronic devices, sensors, bio-imaging, and energy systems. This work aimed to synthesize and characterize
the optical properties of CQDs solution at different concentrations (100%, 50%, 25%, 12.5% by volume) under various environ-
mental conditions, including laser exposure, magnetic field, and heat. CQDs were prepared by mixing citric acid (C¢HgO7) and
thiourea (CH4N»S) in a 2:1 weight ratio (1 g: 0.5 g) and heating in a microwave oven (1100 W) at 200-250 °C until the mixture
formed a dark brown solid. The solid was dissolved in 40 mL distilled water with magnetic stirring for 1 hour and filtered to obtain
the 100% concentration solution, which was then diluted to prepare 50%, 25%, and 12.5% solutions. Optical studies were per-
formed using a rotating spectrometer and Theremino spectrometer under the specified environmental conditions. Results showed
that the refractive index exhibited nonlinear behavior under laser treatment across all concentrations and was further influenced
by magnetic fields, initially increasing to a maximum before decreasing, while at 100% concentration it continuously declined.
Temperature also induced nonlinear changes in refractive index, particularly at higher concentrations. Transmittance varied with
wavelength (400-700 nm) and treatment: under laser exposure, 100% concentration first decreased then increased, whereas lower
concentrations increased steadily. Under magnetic fields, transmittance decreased continuously for 100% and 50% concentrations,
but for 25% and 12.5%, it reached a minimum before rising. Temperature similarly affected transmittance, with higher concentra-
tions showing a continuous decrease, 25% showing a minimum before increasing, and 12.5% increasing steadily. These findings
highlight the complex interplay of concentration, environmental factors, and wavelength on the optical behavior of CQDs solution.
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1. INTRODUCTION

various classes of QDs, CQDs have gained increasing
attention because they are inexpensive, biocompatible,
and environmentally friendly alternatives to heavy-metal-

Quantum dots (QDs) are semiconductor nanostructures
with dimensions typically below 10 nm, whose optical
and electronic properties are governed by the quantum
confinement effect. Unlike bulk semiconductors, where
energy bands are continuous, QDs possess discrete en-
ergy levels that allow precise control of their bandgap
and photoluminescence simply by adjusting particle size
[1] [2]. This tunability, combined with their high quan-
tum yield, surface-dependent emission, and strong non-
linear optical responses, has made QDs promising can-
didates for optoelectronics, bioimaging, photovoltaics,
and nanoscale sensing technologies [3] [4]. Among the

based QDs such as CdSe or PbS. CQDs are typically
synthesized from organic precursors such as citric acid,
glucose, or thiourea and feature abundant surface func-
tional groups, which improve water solubility, fluores-
cence, and chemical reactivity [5] [6]. Their electronic
structure consists of sp? / sp> hybridized carbon networks,
surface defect states, and & — 7 conjugated domains that
strongly influence photoluminescence, absorption, re-
fractive index, and transmittance. These surface and core
states make CQDs highly responsive to external stim-
uli, offering opportunities for developing tunable optical
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devices and nanosensors [6] [7].

Optical characterization is one of the most effective
ways to probe the structural and electronic features of
QDs. The refractive index (RI), in particular, is a fun-
damental parameter that describes light—matter interac-
tion, electron density, and polarizability of the medium
[8]. Similarly, optical transmittance provides insights
into energy band structures, defect states, and scattering
mechanisms in nanomaterials. These parameters are not
static; they can vary significantly when QDs are subjected
to external stimuli such as laser irradiation, magnetic
fields, temperature changes, or concentration variations
[9] [10]. Previous research has demonstrated that in-
tense laser exposure can alter the electronic structure of
QDs by photoinducing surface modifications, enhancing
or quenching photoluminescence, and shifting absorp-
tion peaks. For example, laser treatment of graphene and
carbon-based QDs has been reported to induce structural
reordering and functional group transformations, lead-
ing to nonlinear changes in optical properties [11] [5].
Similarly, magnetic fields can strongly influence QDs
through the magneto-optic effect, where external fields
perturb excitonic states or induce Zeeman splitting, thus
modifying refractive index and absorption spectra [12]
[13]. Temperature also plays a critical role; heating can
enhance carrier mobility or induce desorption of surface
ligands, leading to bandgap shifts and variations in refrac-
tive index or transmittance [2]. In addition, concentration
directly affects optical density, aggregation, and inter-
dot interactions, which can result in quenching effects or
nonlinear optical responses [4].

Despite these advances, most studies to date have fo-
cused either on a single type of external perturbation or
on inorganic QDs such as CdSe and GaAs. For instance,
Poudyal et al. investigated size-dependent fluorescence
of CdSe QDs, while other groups have studied magneto-
optic effects in doped QDs [14]. Comparatively fewer
studies have systematically examined how carbon-based
QDs respond simultaneously to laser, magnetic, thermal,
and concentration variations, especially in terms of refrac-
tive index and transmittance. This gap limits our under-
standing of the fundamental optoelectronic resilience and
tunability of CQDs under realistic laboratory and environ-
mental conditions.

2. EXPERIMENTAL METHODS

2.1 Synthesis of Carbon Quantum Dots
(CQDs)

Citric acid (C) of 1+ 0.01 g and thiourea (U) of 0.5+
0.01 g was measured using digital weighting device of
least count + 0.01 and the measured amount of citric acid

and thiourea was mixed in 2:1 ratio by weight in 250
ml borosilicate glass. The mixture was placed in a mi-
crowave oven of 1100 W and heated of 200-250 °C until
the mixture transformed into a dark brown-colored solid.
The mixture was cooled naturally and cooled mixture was
diluted with 40ml of water and filtered. The sketch of ex-
perimental diagrams is shown in figure 1. The filtered so-
Iution is known as sample of 100% and for 50%, 25% and
12.5% the 100% sample was diluted. To prepared CQDs
solution we follow the methodology [15] [16]. The pre-
pared sample was tested at different condition using rotat-
ing spectrometer and theremino spectrometer.

To study the refractive index of CQDs solutions at dif-
ferent concentrations and environmental conditions, a ro-
tating spectrometer was used with the minimum devia-
tion method, employing a hollow prism spectrometer and
a sodium light source (589 nm) as the monochromatic
beam. For calibration, the prism angle was determined
using sodium light after warming it for about five minutes,
ensuring proper leveling with a spirit level, maintaining a
dark environment for accurate readings, and minimizing
errors. The refractive index of CQDs was then obtained
using equation (1) below.

sin (L'? min )

Sy M
where u is the refractive index, D,,; is the minimum
deviation, and A is the prism angle. The transmittance
properties of CQDs solutions with varying concentra-
tions and environmental conditions were studied using a
Theremino spectrometer, which provides real-time mon-
itoring of light intensity from the UV to the infrared
range; however, only the visible spectrum (400-700 nm)
was considered in this work. The analysis is based on
the Beer—Lambert law, which relates the transmittance of
light through a medium to its intrinsic properties and is
mathematically expressed as:

1
= - 1
1 I x 100

@

where T is the transmittance, / is the transmitted light
intensity, Iy is the incident light intensity. The trans-
mittance of the sample was performed using a self-
made Theremino spectrometer, which operates within
the visible wavelength range (400 nm to 700 nm). The
design and components of the Theremino spectrome-
ter are illustrated in Figure 2. The system utilizes the
Theremino—Spectrometer— V4.0 software, which facili-
tates data acquisition, spectral analysis, and calibration.
This software allows for precise measurement of the op-
tical properties, ensuring accurate characterization. The
detector used in Webcam (Full HD 1080P), LED sources
(60000 lux), sample holder is cuvette of 3 mL and the
distance between sources and sample is 5 cm and that of
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FIGURE 1: Laboratory Preparation of Synthesize carbon Quantum Dots.

sample and webcam is 3 cm. All setup is done a black
box where the external light is not entered the inner side
of the spectrometer. Using this setup of some study is
done to study the optical properties of water [17] [18]
[19]. The ready setup was calibrated using the solvent
on which solute is dissolved we used solvent as distilled
water.

Visualization of Data

DC Power Supply

FIGURE 2: Experimental arrangement for plasma
generation followed by sample treatment and
transmittance measurements.

2.2 Different testing environmental condition

In this study, three environmental conditions were con-
sidered for treating CQDs solutions at different concen-
trations. As shown in Figure 3(a), the solutions were ex-
posed to laser irradiation with a power of 100 mW and
wavelength of 532 nm. Figure 3(b) presents the heat treat-
ment of CQDs solutions at temperatures of 30 °C, 45
°C, and 60 °C, while Figure 3(c) illustrates the effect of
magnetic treatment under field strengths of 0.5 T, 1.0 T,
and 1.5 T. The treated sample was palce on hollow prism
and with calibration of rotating spectrometry the sam-
ple is for each condition, the CQDs solution was placed
on the stand, and readings were recorded both with and
without the sample using the main and vernier scales. In
the case of laser treatment, each concentration of CQDs

FIGURE 3: Treatment of QDs solution under three
environment condition.

solution was exposed for 1, 2, 3, and 4 minutes, after
which refractive index and transmittance measurements
were taken. For magnetic treatment, the samples were
subjected to field strengths of 0.5 T, 1.0 T, and 1.5 T for 5
minutes, followed by the same measurements. Similarly,
for heat treatment, CQDs solutions of different concen-
trations were heated to 30 °C, 45 °C, and 60 °C, and the
corresponding refractive index and transmittance values
were recorded.

3. RESULTS AND DISCUSSION

3.1 Effect of laser, magnetic field and heat
on refractive Index of different
concentration of QDs solution

Figure 4 shows the effect of laser on refractive index of
CQDs solution at different concentrations (100%, 50%,
25%, and 12.5%) with laser treatment 0 to 4 minutes.
The refractive index of CQDs solution has nonlinear na-
ture with treated time of sample of different concentra-
tion. The refractive index of all sample found higher than
refractive index of water. The refractive index of 12.5
% concentrations was found higher than other concentra-
tions % of CQDs samples while 25% is lower than other
concentrations % of CQDs samples. The nonlinear be-
havior may be attributed to the higher density of CQDs,
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which leads to more uniform absorption and scattering,
thereby preventing rapid structural alteration. In contrast,
the 50% concentration displays an initial drop in refrac-
tive index at 1 minute, followed by a gradual rise until
3 minutes and then a subsequent decline at 4 minutes.
This indicates a more complex interaction, likely resulting
from intermediate-level CQD clustering or partial photo-
induced restructuring.

1.360 1 .
1.3551
1.3501
1.345 1
1.340 1

Refractive Index

1.3351
1.330 1

1.3251

Treatment Time (min)

FIGURE 4: Effect of laser treated time on refractive
index of CQDs solution at different concentrations
(100%, 50%, 25%, 12.5%).

The 25% concentration of CQDs solution remains
comparatively stable throughout the laser exposure pe-
riod, with only minor fluctuations in refractive index,
indicating moderate resilience to laser-induced effects.
However, the 12.5% concentration of CQDs solution
shows the most dynamic and erratic behavior. At 1
minute of exposure, there is a sharp increase in refrac-
tive index, which is followed by a significant drop at 2
minutes. A slight increase is again observed at 3 minutes
before another decline at 4 minutes. This highly unsta-
ble trend at lower concentration levels can be attributed
to several factors: with fewer CQDs present in solution,
the interaction of individual particles with the incident
laser beam becomes more pronounced, leading to rapid
energy absorption, localized heating, and potential pho-
tochemical or structural changes. These processes can
include photo-oxidation, disintegration of surface func-
tional groups, or aggregation phenomena, all of which di-
rectly impact the optical path length and polarizability of
the medium, thereby altering the refractive index. Higher
concentrations of CQDs solution are more resistant to
laser-induced changes due to denser packing and mutual
shielding effects, while lower concentrations exhibit en-
hanced sensitivity, likely due to the higher availability
of surface-active sites and increased quantum confine-
ment effects under laser irradiation. The refractive index
values obtained in this study (1.326-1.361) are compar-

atively low in comparision to the AA-CQDs reported in
ACS Nano that are dense, crystalline materials with in-
trinsically high refractive index (1.7-2.15) [20] this is
because we have calculated the refractive index of CQDs
solution.

The effects of external magnetic fields on the refrac-
tive index of CQDs solution at varying concentrations
is shown in figure 5. The observation shows in refrac-
tive index across different concentrations (100%, 50%,
25%, and 12.5%) highlight the magneto-optical sensi-
tivity of CQDs in solution and their complex interaction
with magnetic stimuli. At a concentration of 100%, the
refractive index shows a slight and nearly linear decrease
with increasing magnetic field strength, suggesting that
highly concentrated CQDs in solution maintain relatively
stable structural and optical properties even under ex-
ternal magnetic influence. This minor change may be
due to the limited ability of the magnetic field to perturb
the dense network of CQDs in solution, where strong
inter-dot interactions and compact surface states reduce
susceptibility to reorientation or magnetic alignment [21]
[22]. In contrast, the 50% concentration reveals a more
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FIGURE 5: Refractive index of CQDs solution when
sample was treated 5 minutes in magnetic field.

pronounced response, with a visible drop in refractive
index particularly at 1.0 T, followed by a mild recovery
or plateauing at 1.5 T. This non-linear behavior indicates
that at intermediate concentrations, the balance between
magnetic alignment forces and inter-particle interactions
leads to transient optical reordering, possibly involving
minor orientation shifts in surface dipoles or changes
in charge distribution. The effect becomes more dra-
matic at 25% and 12.5% concentrations of CQDs in solu-
tion. At 25%, the refractive index decreases consistently
with magnetic field strength, indicating progressive mag-
netic field-induced structural modulation. Meanwhile, the
12.5% concentration exhibits the highest sensitivity: the
refractive index shows abrupt variations across all mag-
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netic strengths, pointing to significant rearrangement or
reorientation of CQDs in solution due to reduced particle-
particle interactions and increased exposure of individual
CQDs in solution to the field [23]. These variations can be
attributed to the magneto-optic effect, where the presence
of a magnetic field alters the light propagation character-
istics in a medium by influencing the electronic environ-
ment of the material. In CQDs solution, this may mani-
fest through Zeeman splitting of energy levels, magnetic
field-induced realignment of surface dipoles, or changes
in electronic transitions, all of which contribute to refrac-
tive index modulation. The response is more noticeable
at lower concentrations, where isolated CQDs solution
with high surface-to-volume ratios exhibit greater sensi-
tivity to external perturbations. Conversely, in densely
packed systems, the magnetic influence is dampened by
collective stabilization effects. The refractive index of
CQDs solution was systematically investigated at three
different temperatures (30 °C, 45 °C, and 60 °C) across
four volumetric concentrations (100%, 50%, 25%, and
12.5%) shown in figure 6. The results reveal that both
temperature and concentration strongly influence the re-
fractive index, but the nature of the variation differs with
particle density. At 100% concentration, the refractive
index shows a steady increase with temperature, rising
from 1.348 at 30 °C to 1.361 at 60 °C. This monotonic
trend indicates that densely packed CQDs solution exhibit
strong inter-dot interactions and structural stability under
heating. Thermal excitation likely enhances the polariz-
ability of surface states and slightly modifies interparticle
spacing, leading to an overall increase in optical density.
The absence of nonlinear fluctuations suggests that high
concentration CQDs in solution are thermally stable and
resistant to large-scale surface or structural disruption. At

1.365 4 1
1.360 1
1.3554
1.350 1
1.345 4
1.340 4
1.335 4
1.330 4
1.325 1
1.320 T T T T T T T

Refractive Index

Temperature (°C)

FIGURE 6: Effect of temperature on refractive index of
CQDs solution of different concentration.

50% concentration, a nonlinear variation is observed. The
refractive index decreases at 45 °C compared to 30 °C,

before partially recovering at 60 °C. This dip may orig-
inate from surface restructuring or partial desorption of
weakly bound functional groups upon moderate heating,
which reduces the medium’s polarizability. The subse-
quent stabilization at higher temperature indicates that
the system reorganizes into a thermodynamically favor-
able configuration, minimizing further refractive index
fluctuations. At 25% concentration, the refractive index
increases sharply between 30 °C and 45 °C, followed by
a plateau toward 60 °C. This behavior suggests that ini-
tial heating activates surface dipoles or enhances charge
redistribution at CQDs interfaces in solution, thereby in-
creasing polarizability. However, further heating does not
lead to continued enhancement, indicating a saturation
effect where available active sites or structural rearrange-
ments have stabilized. The most distinct behavior occurs
at 12.5% concentration, where the refractive index starts
at the lowest baseline but increases consistently across
the entire temperature range. The continuous rise reflects
the dominance of individual CQD present in solution
response rather than collective inter-dot shielding. At
such dilute conditions, surface states are highly exposed,
and even small thermal perturbations can enhance dipole
orientation and polarizability, leading to a pronounced
sensitivity to temperature.

3.2 Effect of laser, magnetic field and heat on
transmittance of different concentration of
QDs solution

The transmittance spectra of CQDs solution at 100 %
concentration under varying durations of laser exposure
reveal distinct changes in their optical behavior shown in
figure 7. As illustrated in the figure 7(a), the CQD so-
lution exposed for 1 minute shows the highest transmit-
tance across the visible range, particularly beyond 650
nm, where transmittance rises sharply. This behavior is
typical for CQDs solution, which strongly absorb in the
400-600 nm region and become increasingly transparent
at longer wavelengths. As the duration of laser expo-
sure increases to 2, 3, and 4 minutes, a gradual reduc-
tion in transmittance is observed throughout the spectrum,
with the 4- minute exposure showing the lowest values.
This indicates that prolonged laser irradiation enhances
the CQDs in solution ability to absorb light. The under-
lying mechanism is likely due to photo induced structural
or surface modifications, such as the formation of defect
states, oxidation of surface groups, or changes in particle
size and energy band structure. These changes increase
the density of localized energy states and facilitate more
effective photon absorption. Thus, laser exposure time
serves as a tunable parameter to modify the optical prop-
erties of CQDs solution, even at full (100 %) concentra-
tion, which is particularly relevant for applications requir-
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ing controlled light absorption and transmittance behav-
ior.
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FIGURE 7: Transmittance spectra of CQDs solution at
(a) 100 %, (b) 50 %, (c) 25 % and (d) 12.5 %
concentration under different laser treatment times.

Also figure 7(b) show the transmittance of 50 % CQDs
solution and exhibit similar overall trends to the 100 %
concentration case (Figure 7a), with transmittance in-
creasing beyond 650 nm and decreasing progressively
with increased thermal exposure time. However, the ab-
solute transmittance values at 50 % concentration are
higher across the visible spectrum compared to those at
100 %, due to the lower particle density and reduced
optical absorption in the diluted solution. The optical
response of CQDs solution of 25 % concentration was
also evaluated to understand how dilution influences their
transmittance behavior under thermal exposure as shown
in figure 7(c). As shown in Figure 7(c), the spectra display
a consistent trend with the previously studied 100 % and
50 % concentrations: transmittance increases with wave-
length, particularly beyond 600 nm. However, at 25 %
concentration, the transmittance values are significantly
higher across the entire spectral range, with maximum
values nearing 0.6, which reflects the expected outcome
due to reduced CQD density in the diluted solution.

Figure 7(d) presents the transmittance spectra of CQDs
solution of 12.5 % concentration subjected to different
durations of laser exposure. Overall, the transmittance
increases steadily with wavelength across all samples,
with maximum values approaching 0.7-0.75 near 700
nm, which is consistent with the behavior observed in
more concentrated samples. In contrast to higher con-
centrations where a consistent decrease in transmittance
was observed with longer laser exposure, the 12.5 % sam-
ples show a more irregular trend. Notably, the 4 minutes
laser-exposed sample exhibits the highest transmittance

throughout much of the visible spectrum, while the 2-
minute sample appears to have the lowest. The 1 minute
and 3 minutes samples lie in between, with overlapping
portions in some spectral regions. This variation suggests
that at very low concentrations, the laser-induced mod-
ifications to CQDs solution may have less predictable
optical effects, possibly due to reduced interparticle inter-
action, minimized scattering, or limited absorption depth
in the dilute medium.

Across all tested concentrations from 100 % to 12.5 %
laser exposure time consistently influences the transmit-
tance of CQDs solution. At higher concentrations (100
%, 50 %), increased exposure time leads to a clear re-
duction in transmittance due to enhanced absorption from
photo-induced surface modifications and defect gener-
ation. At moderate concentrations (25 %), this trend
remains visible but slightly attenuated. However, at low
concentrations (12.5 %), the response becomes more vari-
able, and in some cases, transmittance may even increase
with longer exposure. This suggests that while laser-
induced structural changes still occur, their impact on
optical properties is significantly moderated by the re-
duced quantum dot density. These findings emphasize
that both concentration and exposure duration play key
roles in determining the optical behavior of CQDs. In
dilute systems, the effects of laser interaction are less
predictable and possibly more sensitive to localized con-
ditions such as particle size distribution or laser beam
uniformity. This highlights the importance of optimizing
laser parameters for specific CQD concentrations when
designing optical materials or devices.

The transmittance of 100 % concentration CQDs so-
lution under different magnetic field strengths (0.5 T, 1.0
T, and 1.5 T) and without magnetic field treatment re-
veal a clear decreasing trend in 400-700 nm as shown
in figure 8. For all samples, the transmittance is highest
in the lower wavelength range near 400 nm and gradu-
ally decreases toward the longer wavelengths, indicating
stronger light absorption in the red region compared to
the blue. The untreated CQDs and those subjected to
magnetic field treatment exhibit similar overall profiles,
but subtle differences can be observed in the magnitude
of transmittance. In the shorter wavelength region (below
500 nm), the differences between treated and untreated
samples are minimal, suggesting that the magnetic field
has a limited influence on high-energy photon interaction.
However, in the mid to longer wavelength range (500-700
nm), samples treated with magnetic fields particularly
at higher strengths show slightly reduced transmittance
compared to the untreated sample, implying enhanced
absorption or scattering under magnetic influence. This
reduction may be attributed to magnetic field—induced
alignment or clustering of CQDs, which can modify their
optical path and interaction with light, thereby enhancing
photon trapping and reducing transmittance
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FIGURE 8: Transmittance spectra of CQDs solution at
(a) 100 %, (b) 50 % , (c) 25 % and (d) 12.5 %
concentration at different magnetic field.

The transmittance of 50 % concentration CQDs solu-
tion under magnetic fields of 0.5 T, 1.0 T, and 1.5 T show
in figure 8(b) has a distinct spectral behavior compared to
the 100 % concentration samples. In all three cases, the
transmittance is highest in the shorter wavelength region
near 400 nm, followed by a gradual decrease towards the
mid-visible range (500—600 nm), and then a slight rise be-
yond 650 nm. The curves for 1.0 T and 1.5 T are closely
aligned across the spectrum, both showing consistently
lower transmittance than the 0.5 T sample, particularly
in the range from 450 nm to 650 nm. The transmittance
of solution in absence of magnetic field is lower than 0.5
T while higher than 1.0 T and 1.5 T cases. When com-
pared to the 100 % concentration of CQDS solution, the
50 % concentration spectra exhibit overall lower transmit-
tance values for the higher magnetic field strengths, sug-
gesting that at reduced CQDs concentration in solution as
shown in figure 8(b), the magnetic field effect becomes
more dominant relative to the base scattering and absorp-
tion.

This indicates a possible interplay between particle
density and magnetic alignment efficiency, where fewer
particles allow the magnetic field to influence a greater
proportion of the system’s optical pathways. The trans-
mittance of 25 % concentration CQDs solution under
magnetic fields of 0.5 T, 1.0 T, and 1.5 T demonstrate
a characteristic wavelength dependence which is also
compare with 0 T as shown in figure 8(c). Across all
field strengths, the transmittance is highest in the short-
wavelength region around 400 nm, then decreases pro-
gressively through the visible range, reaching a minimum
between 550-600 nm, before showing a modest increase
beyond 650 nm. The three field strength curves maintain
nearly identical profiles throughout the spectrum, with
only minimal separation between them. In the blue-green

region (450-550 nm), the transmittance declines steadily
from its peak at 400 nm, with the 1.0 T and 1.5 T curves
exhibiting marginally lower values than the 0.5 T refer-
ence. This difference, while small, is most noticeable
in the 500-550 nm range. The curves converge again in
the orange-red region (600-700 nm), where all three field
conditions show comparable transmittance values with a
slight upward trend toward longer wavelengths.

The transmittance of 12.5 % concentration CQDs so-
Iution under magnetic fields of 0 T 0.5 T, 1.0 T, and 1.5
T exhibit minimal variation across all field strengths as
shown in figure 8(d). The curves for all three magnetic
field conditions nearly overlap throughout the entire visi-
ble spectrum (400-700 nm), maintaining consistent trans-
mittance values ranging from approximately 0.18 at 400
nm to 0.06 at 700 nm. The spectral profile shows high-
est transmittance in the violet-blue region (400-450 nm),
followed by a gradual decline through the green-yellow
wavelengths (500-550 nm), reaching a minimum around
550-600 nm. Beyond 600 nm, the transmittance values
stabilize with only a slight decrease toward the red end of
the spectrum. The curves for 1.0 T and 1.5 T magnetic
fields show negligible deviation from the 0.5 G baseline,
with differences smaller than the line widths throughout
the measured range. This indicates that at this low con-
centration, the magnetic field has virtually no detectable
effect on the optical transmittance properties of the CQD
solution.

At 100 % concentration of CQDs solution, the strongest
field effects emerge, showing 20 % transmittance sup-
pression at 1.5 T with a pronounced dip in the 450-600
nm range. The 50 % samples display similar but atten-
uated behavior ( 15 % suppression), while maintaining
comparable spectral features. By contrast, 25 % con-
centration CQDs solution show minimal field sensitivity
(<5 % variation) and a much shallower transmission dip,
indicating weakened interparticle interactions. The most
dilute system (12.5 %) demonstrates complete field in-
dependence with featureless, high-transparency spectra.
This progression reveals a critical transition between col-
lective (>50 %) and single-particle (<25 %) regimes,
where magnetic effects require sufficient particle density
for dipole coupling. The concentration-dependent mod-
ulation depth and spectral signatures directly correlate
with interparticle distances, suggesting that applications
requiring field-responsive optics should employ >50 %
CQDs solution, while <25 % systems are better suited
for stable, environment-insensitive applications. These
systematic trends provide clear design principles for tai-
loring CQD-based optical materials to specific functional
requirements.

The general spectral shape remains consistent, the pres-
ence of a magnetic field subtly modifies the optical prop-
erties, with stronger fields showing more pronounced de-
viations from the untreated state, especially in the red and
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near-infrared edges of the visible spectrum. Transmit-
tance varies systematically with increasing magnetic field
in both front and back geometries, suggesting magneto-
optical modulation of optical properties [24]. Similarly,
in our results, although the variations are smaller, differ-
ent magnetic field strengths (0.5 T, 1.0 T, 1.5 T) subtly
alter the transmittance curve of quantum dots across the
visible spectrum compared to the untreated case.

The transmittance of 100 % concentration CQDs solu-
tion at different temperatures (30 °C, 45 °C, and 60 °C)
reveal a clear temperature-dependent optical response as
shown in figure 9. At 30 °C (room temperature), the sam-
ple exhibits the highest transmittance ( 0.065 at 400 nm),
which gradually decreases with increasing wavelength,
indicating stronger absorption in the shorter wavelength
region due to & — 7* transitions in the graphitic domains
of CQDs solution as shown in figure 9(a). When the tem-
perature is raised to 45 °C, the transmittance drops signif-
icantly ( 0.012 at 400 nm), with a relatively flatter spec-
trum, suggesting enhanced broadband absorption caused
by thermal broadening and increased phonon-assisted
transitions. At 60 °C, the transmittance approaches zero
across the visible range, indicating almost complete sup-
pression of transmitted light due to strong absorption
and possible aggregation of CQDs solution, which in-
creases scattering. This overall reduction in transmittance
with temperature can be attributed to thermal bandgap
narrowing, enhanced electron—phonon interactions, and
temperature-induced surface or structural changes, all of
which increase the light—matter interaction efficiency of
the CQDs solution. For the 50 % concentration CQDs
solution, the transmittance at 30 °C, 45 °C, and 60 °C ex-
hibit a different temperature-dependent behaviour com-
pared to the 100 % concentration sample as shown in
figure 8(b). At 30 °C, the transmittance starts around
0.065 at 400 nm and decreases steadily to 0.022 near
650 nm, showing a pronounced absorption in the shorter
wavelength region as shown in figure 9(b). At higher
temperatures (45 °C and 60 °C), the transmittance curves
almost overlap, starting near 0.10 at 400 nm and declining
more gradually, with a slight increase after 650 nm

When comparing the 50 % with 100 % concentrations
CQDs solution, a clear relationship between concentra-
tion and temperature is observed. At the higher concen-
tration (100 %), increasing temperature leads to a sig-
nificant drop in transmittance, with the 60 °C spectrum
approaching near-zero values across the visible range,
suggesting strong light absorption and possible particle
aggregation. The temperature-dependent transmittance
behavior of 25% CQD solutions reveals significantly di-
minished thermal sensitivity compared to more concen-
trated systems as shown in figure 9(c). At this interme-
diate dilution, the spectra exhibit only modest changes
( 5-8% maximum transmittance reduction) when heated
from 30 °C to 60 °C, with nearly identical curves ob-
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400 450 500 550 600 650 700 400 450 500 550 600 650 700

‘Wavelength (nm) ‘Wavelength (nm)

—30°C
(© —usc
—60°C

0.08

Transmittance

0.06

0.04

400 450 500 550 600 650 700

‘Wavelength (nm)

400 450 500 550 600 650 700

Wavelength (nm)

FIGURE 9: Transmittance of CQDs solution at (a) 100
%, (b) 50 %, (c) 25 % and (d) 12.5 % concentration at
different temperature.

served at 45 °C and 60 °C. This minimal response con-
trasts sharply with the strong thermal modulation seen
in 100% concentration CQDs solution and the interme-
diate effects in 50% solutions. The near-overlap of 45
°C and 60 °C spectra particularly highlight how dilution
decouples optical properties from thermal energy, as the
solution transitions from ensemble-dominated to single-
particle behavior. These findings establish 25% concen-
tration as a practical boundary for applications requiring
temperature-stable CQDs solution performance, while
demonstrating how systematic dilution can progressively
suppress thermal modulation effects observed in more
concentrated systems. The results complete the observed
progression from strongly temperature-dependent (100
%) to moderately responsive (50 %) and finally to nearly
temperature-invariant (25 %) optical behavior in CQD
solutions.

The transmittance of 12.5 % concentration CQDs so-
Iutions demonstrate complete temperature stability across
the tested range (30 °C-60 °C) as shown in figure 9(d),
marking the extreme dilution limit where thermal ef-
fects become negligible. At this ultralow concentration,
all temperature curves (30 °C, 45 °C, and 60 °C) per-
fectly overlap, maintaining identical transmittance values
from 400-700 nm with a characteristic smooth decline
from 0.18 (400 nm) to 0.06 (700 nm). Compared
to even the 25% solution, which showed minimal but
detectable thermal modulation, the 12.5% system rep-
resents true temperature-independent performance - all
thermal curves collapse to a single trace, establishing this
as the fundamental dilution limit for erasing temperature
sensitivity in CQD suspensions. These results complete
the concentration-dependent progression from strongly
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thermally responsive (100%) to completely thermally in-
variant (12.5%) behavior, providing clear design rules
for applications requiring either tunable or stable optical
properties across temperature ranges. In addition, this
work has limitations in terms of comparison and vali-
dation with previous studies due to the specific focus of
our research, namely the effects of CQD solutions under
laser, magnetic field, and heat on refractive index and
transmittance.

4. CONCLUSION

The study of CQDs using its solution with distill
water under varying concentrations and external stim-
uli laser exposure, magnetic fields, and thermal treat-
ment—reveals a clear correlation between concentration
and optical behavior. High-concentration CQDs solu-
tion(100%) exhibited minimal variations in refractive
index and transmittance, attributed to strong inter-dot
interactions, dense packing, and shielding effects that en-
hance structural and photothermal stability. Conversely,
low-concentration CQDs solution (12.5%) displayed the
highest sensitivity and irregular optical responses, driven
by their large surface-to-volume ratio and reduced shield-
ing, making them highly responsive to external pertur-
bations. Intermediate concentrations (25% and 50%)
showed moderate, often nonlinear responses, balancing
stability with environmental sensitivity. Laser exposure
induced wavelength-dependent modulation, magnetic
fields reduced overall transmittance through magneto-
optic interactions, and thermal treatment caused redshifts
and suppression due to electronic structure alterations.
These outcomes suggest that high-concentration CQDs
solution are promising for stable optical devices, whereas
low-concentration CQDs solution are better suited for
sensing applications where responsiveness is desired. Fu-
ture work should focus on advanced spectroscopic tech-
niques to correlate optical responses with structural and
electronic modifications, explore synthesis strategies for
precise tuning, and expand investigations to wider spec-
tral ranges. Device integration and long-term perfor-
mance testing will be essential for translating laboratory
findings into real-world applications across optical com-
munication, sensing, and bioimaging.
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