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Abstract

Carbon quantum dots (CQDs) are nanomaterials that possess great optical properties, and they hold
potential for being used in biosensing, imaging, and optoelectronics. The aim of this work is to
synthesis, characterization and study the optical properties of CQDs under various condition. In the
present work, CQDs have been prepared by mixing equal amount (citric acid and urea) and heating
in microwave at 165 °C-180 oC for 2 min to obtained dark brown color. The dark brown power was
characterizations using FTIR to confirmed the different functional groups such as -P-O, -S-O, —
O-C, C=C C=N and CH2/CH3 (oxygenated-, nitrogenated- and aromatic-types), while XRD
analysis indicated the valuable crystalline organic phases with heterogeneous functionality features.
The optical properties were carried out in water and sugar solutions (100-155mg/dl) as function of
CQDs concentration, temperature, frequency and UV activation times using a Theremino
spectrometer. The fluorescence intensity was enhanced with the increase of citric acid and was
quenched by urea. In sugar at higher CQD concentrations, intensity was decreased from molecular
trapping and light scattering. The fluorescence intensity exhibited fluctuations in water during 60s
with red and blue-shifts, and the maximum peak was at 545 nm. The intensity increased with
decreasing CQD: water ratio and decreased at higher concentrations, because of absorption and
scattering. The temperature and frequency have strong effects on the optical responses; the higher
temperatures (58 °C) promote dispersed aggregates in finer particles which leads to more light
transmission in addition to larger absorption values at higher frequencies. This demonstrated the
tunable features of CQDs optical properties and might give suggestions for subsequent optimization
for their applications in biosensing, imaging, and optoelectronics.
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INTRODUCTION

The unique optical and biocompatible properties of CQDs have emerged as an attractive
class of nanomaterials with broad applications in bioimaging, sensing, catalysis and optoelectronics
(Lietal., 2012). These zero dimensional, less than 10 nm sized carbon materials demonstrate tunable
photoluminescence (PL), high quantum yield and superior photostability and are thus promising
inorganic NP alternatives to conventional semiconductor QDs (Wang & Hu, 2014). There are several
routes for the synthesis of CQD such as top-down (laser ablation, electrochemical oxidation) and
bottom-up methods (hydrothermal, assisted microwave) that have been described days by Zhu et al.
(2015). All these approaches have their own characteristic advantages in tuning the size,
functionalization on surface and scale-up that considerably impact the optical properties of CQDs.

The optical properties of CQDs, particularly their PL, depend heavily on the synthesis details
such as precursor used for the synthesis (Lan et al., 2016), reaction temperature and pH (Kauffmann
et al., 2018) and heteroatom doping (Hartmann et al., 2019b). It is reported that nitrogen doping could
enhance the PL intensity of CNs and induce a redshift by introducing extra energy states in the band
gap (Zhang et al., 2015). The functional group such as carboxyl, hydroxyl and amine groups are also
responsible for the optical responses of CQDs and their absorption in the surrounding medium (Xu et
al., 2004). Different preparation methods, including solid-phase and solution-phase synthesis, have
different effects on photoluminescence intensity and quantum yield. For instance, for one-step glucose
derived solid phase prepared:100 g CQDs (343 nm) showed a product yield around 78%, with
quantum yield of 6.21% (Ren et al., 2024), tricolor CQDs from dandelion precursors have quantum
yields of 43.8%—32.9%—48.1%, that is, for blue — green - orange colored emission bands respectively
(Long et al., 2024). Further treatments, for laser ablation and hydrothermal followed by the
modification of CQD shape and optical properties (Kong et al., 2024).

CQDs possess factors associated with remarkable photostability and low cytotoxicity, paving
the way for their broad applications in bioimaging and sensing (Etefa et al., 2024). Their properties
are usually studied by UV-Vis spectra, PL measurements, and atomic force microscopy (Mozdbar et
al., 2018). The bandgap, absorbance and PL features of the NPs are strongly sensitive to synthesis
parameters such as microwave irradiation time (Kumar et al., 2020). Beyond biomedicine, the role of
CQDs is extended into drug delivery (Yang et al., 2023) and cancer diagnostics (Kumar et al., 2020),
organic solar cell efficiency enhancement.

In this work, we comprehensively studied CQDs under thermal, optical and frequency-
modulated operation to identify the stability, trapping process and applicability in sugar
sensing/preservation technologies. Furthermore, the effects of laser irradiation on the photon trapping
properties of CQDs are also exposed by characterizing their photostability and photobleaching upon
pulsed-laser excitation. Additionally, investigation of CQDs under frequency-modulated excitation
reveals modulation-dependent responses that enable us to stabilize the structure and characterization
of CQDs with strong photophysical properties. Combined, these new approaches arrive at a
framework such that thermal-optical modulation not only retains CQD properties but also enables
new opportunities in sensing, stabilization, laser trapping and programming of the CQD material.

METHOD
Quantum dot Preparation

Various concentrations of citric acid (Sisco Research Laboratories; 99% purity) and urea-
dammor were freshly prepared separately. The amounts of citric acid and urea were weighed as
required by the digital weighing machine. An aliquot of the measured quantities were then
transferred to borosilicate test tube (capacity: 15 ml) for sample preparation. The resulting mixture
was then heated in a Sharp microwave oven (1100 W) at 165°C -180 oC for 2 minutes. This wafer
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was then heated until a brown color. After the desired color was reached, hot specimen was naturally
cooled. Then, 10 ml of deionized water was added to prepare the initial solution. This solution was
poured in a 100 mL beaker and the test tube was rinsed by distilled water. The wash water was also
collected into the 100 ml beaker so as not to lose the sample. The mixture was further diluted to 70 ml
and sonicated (180W, FSF-030S) for 30 min to afford well-dispersion. The solution was filtered after
sonication, and the filtrate referred to as the sample stock solution in figure 1. For additional
purification, the sample volume required was centrifuged at 6000 rpm for 2 min (REMI, Model: RM-
12C). The ultimate quantum dot solution after centrifugation was prepared, and its optical property

of different states were characterized.
=—lal—_ @ s

Measurement Urea+Citric acid Microovan treatment Magnetic stirrer  Ultra sonication Filtration

Figure 1. Experimental setup for preparation of quantum dots
Sugar solution Preparation

Three kinds of sugar solutions with 100, 120 and 140 mg/dl were prepared from the white granulated-
sugar powder (greater than 99%) by dissolving it in distilled water. Sugar was weighed using a digital
balance and then placed in a 500 mL borosilicate beaker. For sugar dissolution, 100 mL of distilled
water was incorporated and stirred through a magnetic stirrer for 30 min. The solution was then
sonicated for 10 minutes to improve the uniform dispersion. The solution was then filtered after
sonication (1A Filter Water). The filtrated sugar solution was then available for testing with other
agents (quantum dots and medicine) and under different conditions.

Characterization of optical properties of prepared sample

The optical spectroscopy characterization of synthesized QDs was carried out with the in-house built
Theremino spectrometer (the visible range). This spectrometer allows one to study the absorption and
emission properties of the quantum dots, thus allowing to gain insight into their optical behavior. The
Theremino spectrometer (Dhobi et al., 2024; 2023 & Karki et al., 2021a; 2021b) is shown in figure 2.
The system utilizes the Theremino_Spectrometer_V4. 0 software tool (data acquisition, spectral
analysis and calibration). This program makes it possible to accurately measure the optical properties
of these quantum dots.

Webcam  Sample LED

Intensity (a.u.)

400 600 800

T

Spectrum analysis Spectrometer DC supply

Figure 2. Experimental setup of Theremino Spectrometer (Paudel et al., 2022; Dhobi et al., 2022a;
2022b) to study the optical properties
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RESULTS AND DISCUSSION

The FTIR spectrum of CQDs is presented in Figure 3(a) and Table 1. The absorption peak
present in the FTIR spectra confirms the existence of functional groups needed for their optical or
sensing behaviors. The absorption peak at 641.24 cm™! was attributed to -P-O, —S-O, aromatic —-CH
or silicate-related vibrations which is consistent with its reported values at 474.68-661.77 cm™!
(Mansour et al., 2022). A peak at 1177.18 cm™! is assigned to —O—C linkages of organic phosphate
groups, which shows that the carbon matrix underwent some degree of oxidation and structural
polymerization. C=C stretching mode, observed at 1721.05cm™ (which supported between 1546.33
and 1656.51 cm™ in previous findings), indicates the presence of conjugation n-domains, leading to
electron delocalization. The presence of nitrogen is confirmed by C=N stretching vibration at 1585.43
cm™! which is consistent with that reported by Mousa et al. (2023) and the band at 2938.71 cm™ is
assigned to asymmetrical stretching of CH3; and symmetrical stretching of CH,, suggesting the
existence of aliphatic carbon chains. Their synergistic functional groups collectively contribute to high
polarity and electron-donating ability as well as strong interaction sites with analytes, all of which are
responsible for the enhancement in both charge transfer and sensing efficiency.
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Figure 3. Characterization of CQDs (a) FTIR analysis and (b) XRD analysis

The XRD pattern of the fabricated CQDs is shown figure 3(b) and it has organic crystalline
phases, including peaks around 20 o is shows the highly dispersion of carbon atom (Teng et al., 2014).
The nitrogen doping derived from the urea-doped citric acid precursor promotes m-conjugation
efficiencies and introduces defect sites, which are beneficial in obtaining semiconducting nature and
enhancing the carrier mobility (Mansour et al., 2022). These structural architectures benefit the high
efficiency charge transport and interaction with external stimuli, which leads to strong and stable
sensor response. The FTIR and XRD data also support a functionally variegated but heterogeneous
nature of the prepared CQDs with oxygenated, nitrogenated and aromatic zones. The above chemical
diversity has found to obtain higher optical responsiveness, excitation-dependent emission, and
superior adsorption ability for optical and electrochemical sensing applications preferable. The
synergy between conjugated m-systems, nitrogen-dominant defect states, and aliphatic flexibility
enables the CQDs to achieve highly-responsive detection toward changes in signal intensity/strength,
temperature difference and analyte concentration, making the developed devices a possible
competitive transduction material for future sensing gadgets.
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Table 1. Experimental and referenced FTIR peak analysis

Possible assignment Observed Reference Refrence
s wavenumber (cm™) wavenumber (cm™)
-P-0, -S-0, and aromatic —
CH stretching or Silicate 641.24 474.68-661.77
—O-C links of the organic 1177.18 1242.68
phosphate groups
_ . 1546.33,1656.51 (Mansour et
C=C stretching 1721.05 3279 90 al., 2022)
Asymmetric CH3 & 2938.71 2854.48

symmetric CH2 stretching

The recorded results for the variation of optical intensity against the wavelength at 100
mg/dl,125 mg/dl and 155 mg/dl were shown in Figure 4(a), (b) and (c). Throughout these three
cases, there is a common trend that all the light intensities decrease with an increase of CQDs
concentration in sugar solutions, suggesting that CQDs have an intimate interaction with sugar
molecules. This behaviour can be supported by FTIR results (Mansour et al., 2022; Mousa et al.,
2023) in which functional groups such as -P-O, -S-O, O-C, C=C, C=N and CH,/CH3; offer high
polarity and active binding sites on the for CQDs to interact with hydroxyl-rich sugar molecules
through hydrogen bonding or dipole interactions. The intensity is unchanged with 0.5 ml of CQDs for
sugar concentration of 100 and 155 mg/dl (low and higher) but, with increase in the volume of CQD
results in a significant reduction in intensity at this wavelength. This decrease indicated the assembly
of colloids and/or more sugar adsorption on CQD which lead to greater optical scattering and
absorption. Qiao et al. (2016) who had observed little variation in the PL from QD with ZnO-QDs
concentration using aqueous dilution, whereas a significantly more pronounced effect is found here
when varying CQDs concentrations in sugary matrices. The maximum consistently shifts around 500—
600 nm and sharpens with increasing the CQD concentration, indicating variations in local micro-
environment, scattering behavior, and interaction strength of CQDs with sugar molecules.
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Figure 4. Impact of sugar on CQDs (a) 100mg/dl, (b) 125 mg/dl and (c) 155 mg/dl

The decrease of intensity might be due to the interactions occurring between sugar molecules
and CQDs mediated by the functional groups, as listed in the FTIR analysis. The latter functions
furnish polar sites and hydrogen bonding ability, which are responsible for sugar molecules binding at
surface which causing a larger particle size, then forming heavier colloidal complex. This broadening
increases light absorption and scattering; consequently, the transmitted intensity is with strong fall
especially for higher CQD and sugar concentrations taking place at maximum number of surface
interactions. In addition, an enhancement in the fluorescence intensity with increasing citric acid
concentration is observed (figure 5), implying interaction of it with oxygen- and nitrogen-containing
species on the CQDs, which can facilitate efficient exciton recombination. On the other hand, urea
could quench the emission spectra presumably due to its interaction with such groups which block
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ET pathways. Strong emission peak is only located at about 500-600 nm, which agrees with the FTIR
measured Dai et al.'s study. (2015), which intersects with another peak of them at around 470 nm for
the carbon QDs coated on CdTe QDs.
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Figure 5. Impact of urea and citric acid ratio on optical properties of CQD with UV treatment

Figure 6, the time-dependent interaction of CQDs with water generating its optical response;
readings were made after 30 sec, 45 sec and 60 sec laser treatment. As the CQDs were dispersed and
interacted with the incident light, fluorescence intensity changes were observed around the peak
wavelength (545 nm) both in Bathochromic direction (red shifts) as well as Hypsochromic direction
(shorter wavelength blue shift). These changes in spectral position can be associated with functional
groups which revealed by FTIR analysis, including —-O-C, C=N, C=C and —-P-O (Mansour et al.,
2022; Mousa et al., 2023), that could engage in a strong hydrogen-bonding donating/accepting
properties and attractive dipole interactions with water molecules. These polar and conjugated dyes
absorb light efficiently, re-emit as fluorescence but also temporarily change the local electronic
environment which leads to a shift in wavelength. This was interpreted in terms of the competition
between solvation and hydrogen-bond interactions, together with electron delocalization throughout
the CQDs indicating that surface chemistry is directly responsible for controlling optical responses in
aqueous media.

The Bathochromic effect indicates that the CQDs excited state would be stabilized by
interactions with water molecules. This stabilization led to a redshift in the emitted light. On the
contrary, the hypsochromic effect shows that the excited state is more unstable so that it moves to
shorter wavelengths. These variations in peak position can be attributed to the fluorescence behaviour
of CQDs that absorb and re-emit light under the influence of its environment.
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Figure 6. Impact of CQDs on water at instant contact and times passes spontaneously
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The experimentally observed fluorescence change indicates how the CQDs are responsive to
their surrounding aqueous environment. Upon being well dispersed in water, the CQDs serve as the
solvent molecules via their functional groups. These interactions alter the local electronic structure,
which accounts for dynamic changes in emission intensity and wavelength around a stable peak at
545 nm. Both Bathochromic and Hypsochromic shifts were observed thereby indicating the effect of
water molecules on a competition between electron delocalization and hydrogen bonding at CQD.
Time-dependent measurements also show that CQDs continue to evolve optically in the process of
dispersing and reaching equilibrium with the water about them, which indicates that energy
absorption and photon emission processes are ongoing. This fluorescence dynamic modulation
demonstrates that CQDs are tunable optical probes whose emission characteristics can be controlled
by the surrounding media. This behavior highlights the importance of surface chemistry in dictating
CQD photophysics and awaits exploitation of their utility for aqueous sensing, imaging, and similar
fluorescence enabled technologies.

Figure 7 shows the variation of light intensity with the volume ratio of water to CQDs covering
effect of CQD on water. The behavior of the intensity with respect to volume ratio of water as
compared with CQDs are. Packaging is also constant at wavelength 545nm. The comparison results
are relatively weak, while the ratio of CQDs to water is 1:1 in volume. When the sample is diluted
more (Higher water ratio than before), a great amount of light can transmitted through the sample.
At low dilution levels (high CQD concentration) the CQDs interact more and stronger with the
incoming light, resulting in higher absorbance. On the other hand, with increasing water volume and
more dilute CQDs, the interaction between CQDs and incident light is weakened. This lower
interaction, will give more intensity to be measured as a result of light passing through the sample.

30000 e q' ml QD+ 035 ml'\vam !
—20.5 ml QD + 1.0 ml wate;
250004+—os5 ml QD+ 1.5 ml wate;
;—/20000-
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Figure 7. Optical properties of CQD with dilution

This behavior is in line with the light absorption of colloidal. In high concentration, CQDs act
as efficient light absorbers owing to their dense packing of short distance. This decreases the quantity
of light that will be able to cross in the sample. On the other hand, with further dilution of CQDs by
water, their density should decrease and distance between the neighbouring CQDs should be widened.
Conjugated C=C domains facilitate electron delocalization, which leads to absorption at select
wavelengths, whereas aliphatic CH,/CH3; units provide steric interactions that impact interparticle
distance and colloid stability. The increased effective interparticle separation with dilution results in
lower aggregation (and thus scattering) and therefore, higher light transmission resulting in a radiative
intensity increase. These results reveal that the functional groups not only determine the chemical
reactivity and binding selectivity of CQDs, but also are able to directly control their macroscopic
properties of light emission and transmission in colloidal physics.
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The figure 8 indicate that except for noise the emission peak of CQDs is centered at 545 nm,
whereas frequency is a decisive factor influencing optical response of CQDs. At lower frequencies the
oscillations of the CQDs have a weaker intensity, leading to lower interaction with incoming light
and hence higher transmission and detected intensity at 545 nm peak. At higher frequencies, however,
the CQDs can oscillate more strongly and interact with incoming photons more effectively, leading to
increased absorption and scattering, even though the peak wavelength may not shift, enabling a
reduced overall transmitted intensity. Such a frequency-dependent intensity-modulated peak position
remains well whereas the LPE peak is varied, indicating that frequency can be a good control
parameter for the CQD-light interaction without affecting their inherent emission nature, which holds
promising implications in optoelectronic device/sensor/light-modulation devices.
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Figure 8. Impact of frequency on CQDs

The frequency dependence of the oscillation dynamics of functional groups of CQDs. Atlower
frequencies, the CQDs oscillate slowly and their polar groups are weakly effected by the incident
light. At higher frequency, stronger oscillations make the interactions between photonic and CQDs
more profound for incident light, while groups contribute to the absorption and scattering via dipolar
interactions and electron delocalizations lowering transmitted intensity. The frequency-selective
tuning of the optical properties. The chemical functionality provided by the CQD surface offer
interesting opportunities for applications. In opto-electronics, frequency modulation allows one to
tune emission and absorption properties which are key for improved light sources and detectors. In
sensing, frequency dependent behavior may be useful to enhance sensitivity to certain wavelengths
while in light modulation these interactions. This optical switching and modulating, revealing how
both physical dynamics as well as surface chemistry dominate CQD optical performance.

Figure 9 shows that the temperature effect on the optical behavior of CQDs. These observations
indicate the tunable light intensity transmitted through the CQD sample at different temperature. This
suggests that the interaction between incident light and CQDs is greatly influenced by temperature.
At 58 °C (higher temperature), the light intensity reaches its maximum with the finer CQD clusters
being formed. On the other hand, with a lowering of temperature, it is likely that CQDs aggregate
into larger clusters. These bigger clusters contribute more to the absorption and scattering due to the
stronger interaction with incident light. This increased interaction means that less light is transmitted
through the sample and can thus be detected with a smaller intensity. The normalized intensity of
chitosan CQDs at different temperatures was studied (Sonsin et al., 2021), who observed a peak
between 630 and 660 nm with slight variations in intensity. A similar intensity pattern was obtained
in this study.
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Figure 9. Impact of time and temperature on optical properties of CQDs

At higher temperatures, formation of big CQD aggregates and makes smaller, more separated
clusters. This diminished aggregation is associated to less contact with incident light, and therefore
permits higher transmittance through CQDs solution. At lower temperatures, when CQDs form larger
clusters with stronger coupling to incident light, absorption increases and transmitted intensity
decreases. At the same time, CQDs oscillation is slightly enhanced at the peak of low frequency range;
polar functional groups respond less to light and act more like absorption medium for higher intensity
chemical transfer. To understand qualitatively such temperature dependent and frequency sensitive
behaviour, controlled by a dynamical precursor of the cluster at higher temperature. The functional
groups assisted both inter-cluster dynamics and optical response which can be very crucial for many
applications like optoelectronic devices environment etc.

The observed in figure 10 represents the influence of sugar concentration on optical behavior
of CQDs solutions interacting with light. The observations reveal that lower sugar concentrations (100
mg/dl) result in higher light intensity, while higher sugar concentrations (155 mg/dl) lead to lower
intensity, but the peak is consistent at around 545nm. The higher concentrations increase light
absorption meaning less transmissible lighting. For lower sugar (100 mg/dl) concentration, the sugar
molecules less interact with the incident light. The light passes through the solution with less
absorption, hence higher intensity. At higher sugar concentration (155 mg/dl), larger density of the
sugar molecules comes into existence and interacts more strongly with incident light. This stronger
interaction contributes to more absorption and scattering of the light, thus weakness the out-going
light intensity penetrating in water.

125 mg/dl
—_ — 155 mg/dl 130

16000+ —-100 mg/dl. ﬁ

2000+ .
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Figure 10. Optical properties of sugar concertation
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The optical properties of CQD solutions depend on the concentration and are believed to be
due mostly to the functional groups of CQDs. The hydrogen bonding and dipole interactions with
sugar molecules. That has an important impact on light absorption and scattering, useful for
technological applications. In Figure 11, it is evident that the intensity of CQDs varies with different
laser activated times but their emission peak remains stationary at around 545 nm as in previous
observations. Activation time is the period during which laser irradiated CQDs experience
modifications in their optical behavior. The measurements were made at 0 sec (after laser exposure),
after 30 sec, and then at different time periods till saturation was achieved. The data clearly indicate
a hyperbathochromic effect: there is a small bathochromic shift with aging, together with a typical
behavior in terms of intensities. At 0 sec, the intensity first drops due to rapid absorption of the CQDs
which causes electrons to be raised into excited states without instant photon re-emission. As the case
goes on, at 30 sec, the intensity increases overall while excited electrons relax slowly to the ground
state producing more photons and enhancing measured emission. This enhancement increases up to
the maximum value at 600 sec, which is the optical activation time. Thereafter, the effect of laser
excitation is decreased and the emission becomes steady meaning that CQDs are saturated. The well-
maintained 545 nm peak and the hyperbathochromic shift and intensity variation reveal that the
electronic structures of CQDs can be significantly adjusted upon activation, while its fundamental
emission wavelength remains unchanged.
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Figure 11. Laser treated CQDs at different activation time

The observed phenomena are of significance for applications of CQDs in optoelectronic,
sensing, and image-related fields. For laser treated CQDs, the intensity varies with the laser activation
time and decreases at first then rises to a maximum value at 600 s. Such behavior is attributed to the
excitation and relaxation of CQD atoms, aided by electron-transfer process as a result of surface
functional groups including —-O-C, C=N, -P-0, C=C, and CH2/CH3 through hydrogen bonding and
dipole interactions which can modify photon emission. The fluorescence appears as a
hyperbathochromic shift to shorter wavelengths and is associated with changes in the local electronic
state of the CQDs.

At a given frequency intensity is taken as that at which the peak of intensity occurs at 550 nm
and fitted curve showing the variation with frequency vs internaisty is shown inf figure 12. The fitted
curve shows with frequency increases intensity decays exponentially reaching to an asympotical
limiting value at very high frequencies 20796.69 Hz. The value 1458.74 corresponds to the initial
offset of intensity and asymptote, whereas exp(—4.01x10—4 x) determines the decay rate. The model
has a high R2 = 0.99, indicating that the exponential decay function represents the elementary data
very accurately
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Figure 12. Fitting of intensity with frequency at 550 nm

Figure 13 is exponential decay asympote and the equation in figure 13, x is the frequency, and
y is the intensity. The model predicts that at high frequency, the intensity has a decay exponent
exp(—4.01x10—4x) models decay. With an R2 being rather high (R2=0.99) the model shows a strong

correlation suggesting that an exponential decay function describes the experimental data fairly
precisely.

240001 ——y = 9255.40 exp(-x/19.80)+24339.10+9.72x
R2=0.67
22000 4
0 200 400 600 800

Time (Sec.)

Figure 13. Fitting of intensity with time at 540 nm

Exponential-decay decay-constant decaying term as well shift, linearly increasing intensity.
Originally the behavior is strong because of the exponent exp(-x/19.80) which vanishes as time goes
on. In addition to that decay, a linear term, 9.72x was included which adds a constant increase in the
intensity with time. And furthermore, a 24339.10 constant makes sure the intensity is never
completely zero. Consequently, the model predicts that intensity initially decreases when losing
strength on account of the decaying factor and eventually stabilizes and increases due to linearity.

The R-square (0.66) suggests that 66% of the variation in intensity was explained by model, it indicate
a moderate fitting to data.
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Figure 14. Fitting of intensity with time at 550 nm

The equation of the figure 14 give in show linear dependence with temperature which, indicates
that with rise in the temperature intensity also goes on the increase linearly. The slope 69.79 means
that if the temperature increases by one there is an increase of intensity about 69.79. The intercept
18223.23 indicates the initial intensity of zero temperature. The R2=0.84 indicates that the model
also accounts for 84.3% of variation in intensity, which means that temperature and intensity have a
very strong relationship in terms of positive correlation. That is to say, temperature plays an important
role on the intensities, and the simple linear relationship actually describes most of the trend in data.
But some other factors, measurement error and nonlinear effects not included in the model would
account for 15.7% of residual variation.

CONCLUSION

In summary, in the current work, CQDs were well prepared through a facile hydrothermal
treatment from citric acid and urea precursors, and their optical properties have been systematically
studied with changing of conditions. The functional groups and molecular structures such as
oxygenated, nitrogenated, aromatic motifs are responsible for the size-dependent fluorescence, light
absorption ability and scattering behavior of the CQDs based as examined by FTIR and XRD analysis.
Optical investigation of CQD interactions with sugar solutions, water, laser activation, frequency and
temperature leads to the strong evidence of dynamic modulation (both Bathochromic and
Hypsochromic) effects in emission intensity/wavelengths. These effects are mainly due to the
existence of surface functional groups that allow H-bonding, dipole interactions and electronic
delocalization, whereas environmental conditions play also an important role in the optical response.
Quantitative analyses of spectral intensity as a function of frequency, time and temperature were also
obtained from mathematical modeling which revealed strong correlations and expected patterns. In
general, the study confirms tunable and sensitive optical properties of CQDs highlighting their
promise for applications in optoelectronic devices, sensing and imaging as well as fluorescence-based
technologies in which surface chemistry or environmental interactions can be exploited to maximize
efficacy.
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