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Article history: Dynamic light scattering (DLS) or photon cross-correlation spectroscopy (PCCS) is a
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Accepted 29 September 2022 supramolecules underexposure to incident light, allows the hydrodynamic radii to be
Available online 23 October 2022 calculated. However, the scattering values were recently misled by an unexpected
interaction between the incident light and thermo-sensitive nanogels. Hence, in turn,
it resulted in a miscalculation of the size of the nanogels by more than 100% of their
expected values. The study fulfills a vital knowledge gap by investigating the effects of
laser intensity on the size of thermo-sensitive Poly(N-Isopropyl Acrylamide-Vinyl
Pyrrolidone-Polyethylene Glycol Diacrylate-(2-(Dimethyl Amino)Ethyl Methacrylate)),
Poly(NIPAAM-PVP-PEGDA-DMAEMA) nanogels and subsequent count rates in DLS
measurements. The Lower Critical Solution Temperature, LCST phase transition of

Keywords: Poly(NIPAAM-PVP-PEGDA-DMAEMA) nanogel can be observed using the DLS
Thermo-responsive polymer; lower technique. The higher laser intensity was advantageous for measuring at high dilution
critical solution temperature; dynamic more vigorously with varying laser intensities. Thus, a sufficient laser intensity should
light scattering; scattering intensity be chosen based on the light scattering characteristics of typical samples.

1. Introduction

Nanoparticle synthesis from green chemistry pathways has recently been preferred in
nanotechnology research due to its natural biological reduction property, which reduces the
utilization and exposure of toxic chemicals to the environment compared to physical and chemical
methods [1]. Advance in nanotechnology has recently changed the biomedical drug delivery field,
notably through nanogels. Nanogels are potential drug nanocarriers for site targeting and
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controllable anti-cancer drug release as they protect the cargo from degradation and elimination [2].
The nanogel, as its name implies, has small dimensions in the nanometre range. Due to this, the gels
can reach the smallest capillary veins, allowing them to permeate tissues via transcellular pathways
[3,4] and participate actively in the delivery process [5]. The bulk of stimulating nanogels under
research is currently concentrated on temperature-sensitive or thermo-responsive nanogels [6-8]
due to their effectiveness in overcoming the limitations of premature and insufficient drug release at
target sites in drug delivery systems.

The thermo-responsive delivery system is a promising cancer-targeting strategy that inhibits
reversible physical or chemical variations in response to temperature changes based on (LCST) [9,
10], subsequent to tumour site temperature. To date, the most studied temperature-sensitive
polymers are NIPAAM and DMAEMA, as their LCST value is adjacent to the body temperature [11].
Thus, in a controlled drug delivery system for thermo-modulated drug encapsulation, a combination
of NIPAAM and DMAEMA nanogels would provide good temperature responsiveness [12,13]. The
LCST of nanogel can be studied using DLS, where a sudden drop in size can be observed [14].

The accurate determination of nanoparticle sizing is becoming increasingly important in
nanoscience and nanotechnology. DLS is a standard method for measuring particle size distributions
by the American Society for Testing and Materials [15], significant for measuring biopharmaceutical
formulations and other colloidal dispersions. The application of DLS is well-established for evaluating
the diffusion coefficient of dispersed particles in a liquid by measuring fluctuations in the intensity of
scattered light using the correlation function provoked by Brownian motion [16,17].

As a result, information about the size distribution of particles could be acquired by processing
the fluctuations in the intensity of scattered light. Furthermore, the concentration of nanogels in the
solution might influence the intensity of photon scattering or countrates [18]. The factors that
influence DLS results include sample preparation, sample concentration, coloured or fluorescent
samples, the effect of agglomeration, shape of nanoparticles, rotational diffusion of nanoparticles,
issues related to the cuvette, and maintenance of the instrument and laser diffraction intensity [19].

Laser diffraction is a well-known technique for determining particle size distribution among the
factors that affect the measurement result [20, 21]. However, the influence of laser intensity has not
been studied thoroughly. Laser intensity is a critical aspect concerning satisfactory colloidal analysis
by DLS [22]. Herein, we present an important knowledge gap to study the effects of laser intensity
on the size of thermo-sensitive nanogels and subsequent count rates in DLS measurements. The
synthesis of Poly(NIPAAM-PVP-PEGDA-DMAEMA) nanogel via free radical co-polymerization by using
gamma radiation-induced polymerization is employed in this research. PVP and PEGDA were
copolymerized onto NIPAAM and DMAEMA to form nanogels with amphiphilic properties.
Polymerization using this method does not involve the addition of harmful chemical initiators and
crosslinkers [23] that are difficult to remove, which would result in a cleaner product.

2. Methodology
2.1 Materials

NIPAAM, 99%, PVP, 99%, PEGDA, and 98% DMAEMA were purchased from Sigma-Aldrich and

used without prior purification. Ultrapure water was used throughout this work for all solution
preparations.
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2.2 Synthesis of Thermosensitive Nanogel

NIPAAM, PVP, PEGDA and DMAEMA were dissolved in water at specific molar ratios. The mixture
was aliquoted into several vessels and had its oxygen content purged with nitrogen gas 30 min prior
to gamma irradiation. Each vessel was irradiated at 20 kGy. Gamma radiation will be sourced from
cobalt-60 (half-life 5.3 years, dose rate 0.6 Gy/s) in Sinagama Irradiation Facility in Malaysian Nuclear
Agency. After irradiation, the Poly(NIPAAM-PVP-PEGDA-DMAEMA) nanogels were purged again with
nitrogen gas for 30 min. Then, the Poly(NIPAAM-PVP-PEGDA-DMAEMA) nanogels were dialyzed
against water using a 12,000 Da molecular cutoff membrane for 48 h. The dialysis procedure was
monitored using Shimadzu UV-1700 at 280 nm wavelength before being lyophilized and resuspended
in ultrapure water for subsequent characterization and testing. The samples were diluted into
different concentrations.

2.3 Dynamic Light Scattering Study

Dynamic light scattering measurement was performed to obtain the size (hydrodynamic
diameter) and photon scattering intensity of the resulting nanogel. The equipment used was
Nanophox from Sympatec GmbH, a 10 mW HeNe laser beam at a wavelength of 632.8 nm and a 90°
scattering angle at 25°C. The measurement condition was set according to previous reports. The
lyophilized nanogel and the loaded nanogel were redispersed in ultrapure water and filtered with a
0.22 uM pore filter. Measurement was done using the 3D cross-correlation function on the scattering
intensity and analyzed using cumulant analysis to obtain the particles’ hydrodynamic diameter and
dispersity information. The temperature used in the experiment was 25 and 40 °C.

3. Result and Discussion

The irradiated polymeric mixture of Poly(NIPAAM-PVP-PEGDA-DMAEMA) nanogel was expected
to produce random copolymers as the thru effect on the polymers in the solution was negligible upon
irradiation (Figure 1). The water phase is expected to absorb most energy imparted from gamma rays
in a diluted solution [24]. So, its direct impact on the solution's polymers will be negligible. However,
the ionizing energy will cause a chemical reaction in a diluted environment. The aqueous media
absorbed the irradiation source's energy, forming radicals.
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Fig. 1. Synthesis of Poly(NIPAAM-PVP-PEGDA-DMAEMA) Nanogel

140



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 100, Issue 2 (2022) 138-145

Hydroxyl radicals react and concentrate faster than other species with macromolecules [25]. As
hydroxyl radicals react with reactant monomers, macromolecules with active sites (macroradicals)
are produced by polymers' hydrogen abstraction of the vinyl group. Molecular recombination is a
reaction route for these unstable macroradicals [26]. During the recombination of the four different
macroradicals, co-polymerization is expected to form grafted polymeric structures that will coil in
water to form nanogels. Hydrogen atoms and solvated electrons react similarly to hydroxyl radicals
[27]. The polymeric structures formed by the grafting were amphiphilic, with a hydrophobic core and
a hydrophilic shell [28]. The grafted polymeric structures were estimated to be random with an
amphiphilic characteristic of the hydrophobic core and hydrophilic shell. The proposed copolymer
structure is shown in Figure 2.

Fig. 2. Suggested Copolymer Structure of Poly(NIPAAM-PVP-PEGDA-DMAEMA)
Nanogel from the Gamma-Induced Co-polymerization Reaction

The DLS technique tracks the LCST phase transition of Poly(NIPAAM-PVP-PEGDA-DMAEMA)
nanogel, where a sudden decrease in size can be observed. However, the scattering values were
misled by an unexpected interaction between the laser intensity and this thermo-sensitive
Poly(NIPAAM-PVP-PEGDA-DMAEMA) nanogels. Figure 3 indicated a sudden increase in particle
diameter and count rates from 95.87 nm to 1946.04 nm and 69.13 kcps to 530.26 kcps, respectively,
as the laser intensity suddenly escalated from 10 % to 90 % in the DLS system. Thus, further study
has been done to differentiate the experimental details that affect size measurement to enable a
meaningful comparison of any instrumental factor.

Two parameters, size measurement and count rates with altered laser intensities, were tested,
and the higher laser intensity was found to be beneficial to measure at high dilution more vigorously.
The Poly(NIPAAM-PVP-PEGDA-DMAEMA) nanogel was found to be ranging from 50.87 to 85.46 nm
(Figure 4) in size as the laser intensity escalated, as expected theoretically [22]. These were similar to
the accepted ideal size for nanogel in drug delivery applications, 70-200 nm [24, 29]. A rose in size
measurement at a higher dose was observed, attributable to the aggregation of nanogels [30, 31].

Count rates of photon scattering intensity of irradiated monomer are directly related to the
amount of nanogel in the solution [28]. A higher scattering rate clarifies a more significant number
of nanoparticles formed in the solution. Hence, the highest count rate was better in this case. It was
found that the control sample that was highest in temperature and concentration had the highest
photon scattering rate, 206.42 kcps (Figure 5), whereas 12.99 kcps was obtained for 0.2 M at 25 °C
samples.
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Mainly, the higher laser power enabled the measurement of such low concentrations of
Poly(NIPAAM-PVP-PEGDA-DMAEMA) nanogels with an experimental protocol that was still practical
from an industrial viewpoint. The limits for the maximum applicable laser power rely on the
absorption properties specific to the systems to be considered. High intensity may guide local heating
and apparent smaller measured hydrodynamic radii if considerable absorption occurs [22].
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4. Conclusions

Accurate nanoparticle sizing determination is becoming increasingly important in determining
the LCST of thermo-responsive nanogels. The DLS technique is used to track the LCST phase transition
of Poly(NIPAAM-PVP-PEGDA-DMAEMA) nanogel. Laser intensity is a critical aspect regarding
adequate colloidal analysis by DLS. However, laser intensity and its implications on instrument
sensitivity have not been studied well. Size measurement and count rates were tested with varying
laser intensities. The higher laser intensity (Size: 85.46 nm, photon scattering rate: 206.42 kcps) was
found to be beneficial for measuring at high dilution more vigorously. Given the light scattering
characteristics of typical samples, a sufficient laser intensity should be selected. Elevated intensity
may guide local heating and apparent smaller measured hydrodynamic radii if there is considerable
absorption.
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