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Abstract

Precise control over the physicochemical and biological properties of colloidal particles
is essential for the rational design of functional soft materials. In this work, we report a
simple and scalable strategy for generating modular dendron particles (MDPs) through
the self-assembly of fully characterized small-molecule Bis-MPA dendrons that act as pro-
grammable molecular building blocks for colloidal particle formation. By systematically
varying three structural domains—the inner functionality, methylene spacer length, and
outer connector—we achieve tunable formation of MDPs ranging from nano- to microscale
dimensions. Upon solvent evaporation under mild drying conditions, pre-assembled
MDPs act as structure-directing seeds that guide the emergence of hierarchical surface mor-
phologies with spiky, scaly, or spherical protrusions, depending on dendron architecture.
Importantly, these assemblies exhibit good biocompatibility toward non-tumoral bronchial
epithelial (NL-20) cells while displaying selective cytotoxicity toward Neuro-2a neuroblas-
toma cells, demonstrating that dendron molecular architecture alone can govern particle
size, morphology, and biological response without external drug loading. Collectively,
these findings highlight modular Bis-MPA dendrons as versatile building blocks for direct-
ing particle size, morphology, and biological response through controlled self-assembly
and evaporation-driven structuring.

Keywords: Bis-MPA dendrons; self-assembly; dendritic nanoparticles; colloidal particles;
hierarchical morphology; structure—property relationships

1. Introduction

Nanostructured particles with precise control over size, surface morphology, and
biocompatibility are central to advances in sensing, catalysis, therapeutics, and biomedical
imaging [1-6]. Their utility depends heavily on the ability to tailor structural features such
as roughness, topology, and shape to influence interfacial interactions, mechanical behavior,
and biological outcomes. Although significant progress has been made in synthesizing or-
ganic, inorganic, and carbon-based particles with diverse architectures [7-9], many reported
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systems still rely on labor-intensive protocols, limited scalability, or non-biocompatible
components [10-12]. These limitations hinder their deployment in biological environments,
where green, simple, and reproducible fabrication methods are essential.

Irregular or hierarchical morphologies, such as flower-like particles (FLPs), typically
require templating agents [6,13-19] to guide structure formation and morphological growth
during processing. However, the removal of such templates can introduce complexity,
reduce yield, or compromise biocompatibility. Similarly, oil-in-water emulsion methods
often employ solvents such as dichloromethane, which are unsuitable for direct biological
use. These challenges highlight the need for a modular, surfactant-free strategy capable of
generating particles with tunable surface features through simple self-assembly.

One promising strategy is the structural tuning of small amphiphilic organic molecules
that can self-assemble into colloidal structures through noncovalent interactions [20].
Among these, 2,2-bis(thydroxymethyl)propionic acid (Bis-MPA) stands out as a highly
versatile building block. Widely used in divergent, convergent, and orthogonal dendrimer
synthesis [7,21-27], Bis-MPA provides a biocompatible, biodegradable polyester scaffold
that enables precise control over branching, functionality, and molecular architecture.
Importantly, Bis-MPA-based dendrons can be purified and fully characterized at the molec-
ular level prior to assembly, providing a chemically well-defined platform for exploring
structure-driven particle formation. Although high-generation Bis-MPA dendrimers have
been extensively explored [28,29], the use of simple Bis-MPA dendrons as modular units for
particle formation remains underdeveloped. The term “dendron” has been widely used in
the literature to describe monodisperse, branched building blocks derived from dendritic
architectures, particularly in bis-MPA-based systems. Early studies by Ihre et al. introduced
“monodendrons” as well-defined dendritic units, while subsequent work by Malkoch et al.
demonstrated the synthesis of bis-MPA-based dendrons via divergent approaches [28,29].
In this work, we use the term “modular dendron” to describe small, simplified dendron-like
structures based on bis-MPA building blocks that retain key structural features of dendritic
systems, while not corresponding to classical high-generation dendrons.

Here, we introduce a straightforward and scalable strategy for generating modular
dendron particles (MDPs) through the self-assembly of fully characterized small-molecule
Bis-MPA dendrons that act as programmable molecular building blocks. Because these
dendrons contain interchangeable functional domains, they provide an ideal platform
for examining how structural variation influences particle size, surface morphology, and
biological activity. By systematically modifying the inner functional group (ester or amide),
methylene chain length, and connecting moiety (triazole or ester), we demonstrate precise
control over the resulting MDP properties. Using common organic transformations such as
esterification, SN2 substitution, and click chemistry, we constructed a library of five modular
dendrons that self-assemble into particles ranging from nano- to microscale dimensions.

This study reveals structure—property relationships that dictate MDP formation, stability,
and biological response. We show that small structural changes dramatically alter particle
morphology, evaporation-driven dried-state pattern formation, and cytotoxicity profiles.
Notably, MDPs exhibit selective cytotoxicity toward Neuro-2a neuroblastoma cells while
remaining biocompatible with NL-20 bronchial epithelial cells. Moreover, upon solvent
evaporation under mild drying conditions, pre-assembled MDPs act as structure-directing
elements capable of generating flower-like or red-blood-cell-like (RBC-like) morphologies—an
emergent behavior not previously reported for BissMPA dendrons. These observations reveal
a processing-driven and morphology-directing mechanism that governs hierarchical structure
formation in soft colloidal systems. Collectively, these insights establish modular Bis-MPA
dendrons as a versatile platform for bottom-up particle engineering and open up new avenues
for designing biomaterials with tunable physicochemical and biological properties.
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2. Materials and Methods
2.1. Materials

All chemicals and solvents were obtained from commercial suppliers and used with-
out further purification unless otherwise noted. Complete experimental procedures,
reagent quantities, and characterization data for all compounds are provided in the
Supporting Information.

2.2. Synthesis of Modular Dendrons (MD 1-5)

Bis-MPA dendron derivatives were synthesized through standard esterification, amide-
coupling, and copper-catalyzed azide—alkyne cycloaddition reactions. Detailed synthetic
procedures, purification methods, and full spectroscopic characterization for MD 1-5 prior
to particle formation are included in the Supporting Information.

2.3. Preparation of Modular Dendron Particles (MDPs)

MDPs were generated by dissolving each dendron in aqueous buffer followed by
brief ultrasonication to produce uniform colloidal suspensions. No surfactants, templates,
or additives were used. Complete preparation protocols are provided in the Supporting
Information. All assembly experiments were performed in PBS to mimic biologically
relevant conditions. While buffer composition may influence assembly behavior, the
observed structures are primarily attributed to intrinsic molecular interactions of the Bis-
MPA derivatives. All experiments were conducted at a fixed concentration that consistently
yielded stable particle formation. While concentration-dependent effects may influence
assembly behavior, a systematic study of these parameters will be explored in future work.

2.4. Dynamic Light Scattering (DLS)

Hydrodynamic diameters were measured at 25.0 & 0.1 °C using standard acquisition
parameters. Samples were prepared by sonication of 15 mM dendron solutions in PBS
(pH 7.4) for 1 min prior to analysis. Reported hydrodynamic diameters correspond to
Z-average values obtained from cumulants analysis of the autocorrelation function. Each
sample was measured three consecutive times (n = 3, technical replicates). Detailed ac-
quisition settings, data processing procedures, and polydispersity index (PDI) values are
provided in the Supporting Information.

2.5. Scanning Electron Microscopy (SEM)

Dried MDP samples obtained after solvent evaporation were mounted onto conductive
substrates, sputter-coated with a thin metal layer, and imaged under conventional SEM
conditions. Instrument settings and specific preparation steps are provided in the Supporting
Information. Because particle formation arises from self-assembly of fully characterized
Bis-MPA derivatives in aqueous media without added inorganic components, the observed
structures are attributed primarily to the dendron building blocks. While techniques such as
EDX could provide complementary information regarding potential buffer-associated species,
the present study focuses on morphology and structure—property relationships.

2.6. Differential Interference Contrast (DIC) Microscopy

DIC images of MDP suspensions were acquired using a Nikon Eclipse Ti-E inverted
microscope with A1R confocal system (Nikon Instruments Inc., Melville, NY, USA) operated
in transmitted-light mode. Imaging parameters are provided in the Supporting Information.
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2.7. Cell Culture

Neuro-2a neuroblastoma and NL-20 bronchial epithelial cells were maintained follow-
ing ATCC guidelines. Media formulations, passage conditions, and handling procedures
are described in the Supporting Information.

2.8. Cytotoxicity Assay

Cell viability after MDP exposure was quantified using a colorimetric metabolic
assay following a 24 h incubation. Concentration ranges, plate layouts, and absorbance-
processing methods are included in the Supporting Information.

2.9. Statistical Analysis

Statistical methods, sample sizes, and data-analysis procedures are fully described in
the Supporting Information.

3. Results
3.1. Formation and Size Control of Modular Dendron Particles

To explore these structure—property relationships, we synthesized the amphiphilic den-
dron derivative butyl 6-((3-hydroxy-2-(hydroxymethyl)-2-methylpropanoyl)oxy)hexanoate,
designated as modular dendron 1 (MD 1) (Figure 1a). All modular dendrons (MDs 1-5)
were synthesized as discrete small molecules and purified prior to particle formation;
full structural characterization by NMR, IR, and mass spectrometry is provided in the
Supporting Information.

a) Bis-MPA Modular Dendron Derivatives
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Figure 1. (a) Schematic representation of the modular dendron (MD) derivatives synthesized from
Bis-MPA, illustrating variations in the inner functional group (blue) and the connecting functional
group (red) linking to the terminal Bis-MPA unit. (b) Formation process of modular dendron particles
(MDPs) from MDs in 1x phosphate-buffered saline (PBS) using ultrasound (40 kHz, 60 W, 1 min).
The inset image corresponds to a differential interference contrast (DIC) micrograph of MDPs.

In this study, the structural components of MD 1 that were varied included the butoxy
ester group (serving as the inner functional group) and the triazole linker (the connecting
functional group) bridging the inner butoxy segment (bearing five methylene units) to the
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outer Bis-MPA group. MD 1 exhibits an oily appearance under ambient conditions. Particle
formation occurs only upon exposure to aqueous media and ultrasound, indicating that
the observed colloidal structures arise from processing-driven self-assembly rather than
from pre-existing solid-state organization. This simple protocol for the formation of MDPs
does not require external templates or surfactants. These results demonstrate that fully
characterized small-molecule Bis-MPA dendrons can act as modular building blocks that
self-assemble into colloidal particles without the need for surfactants, templates, or complex
fabrication methods. Upon exposure to water and ultrasound, MD 1 self-assembled into
a colloidal suspension of particles designated as MDP 1, with an average particle size of
532 nm (Figures 1b and 2).
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Figure 2. Dynamic light scattering (DLS) analysis showing the Z-average hydrodynamic diameter
(Z-Ave, cumulants analysis; mean + SD, n = 3 technical measurements) of modular dendron particles
(MDPs) formed by sonication of 15 mM dendron solutions in PBS (pH 7.4) for 1 min at 25.0 4 0.1 °C.
Detailed DLS acquisition parameters, polydispersity index (PDI) values, and replicate measurements
are provided in Table S1 (Supporting Information). Statistical significance: * p < 0.05; ** p < 0.01.

Based on the structural functionalities of the MD 1 Bis-MPA scaffold, we devel-
oped a library of four additional MDs to study their effects on size, dried surface
morphology, and cytotoxicity. For MD 2, the derivative was more hydrophobic than
MD 1 because the same inner and connecting functional groups were used, but the in-
ner butoxy segment was extended from a five-methylene to a seven-methylene chain.
The addition of these two extra methylene units increased the particle size of MDP
2 to 3490 nm (micron scale), more than one order of magnitude larger than MDP 1
(Figure 2). This pronounced size increase likely reflects enhanced hydrophobic interactions
arising from the longer alkyl spacer, which promotes the formation of larger colloidal
assemblies rather than simple molecular aggregates.

For MD 3, we synthesized an analog of MD 1 in which the butoxy ester was replaced
with a N-isopropylamide group attached to a five-methylene chain linked to the Bis-MPA
core via a triazole ring. N-Isopropylamide is widely used in materials such as pNIPAM
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due to its temperature-responsive properties, biocompatibility, and versatility. The re-
sulting MDP 3 displayed an average particle size of 229 nm, very close to that of MDP 1
(Figure 2). The relationship among MDs 1-3 indicates that increasing hydrophobicity
through methylene-chain extension has a more dramatic effect on particle size than chang-
ing the inner functional group.

After understanding the effects of inner functional group and methylene chain length
on particle size, we evaluated the role of the connecting functional group. The triazole moi-
ety is extensively used in dendrimer chemistry due to its rigidity, stability, and directional
hydrogen-bonding interactions. As an alternative, dendrons can be connected through
esterification. Thus, MD 4 was synthesized by replacing the triazole connector of MD 1
with an ester linkage (Figure 1a). Replacing the triazole with an ester increased the particle
size of MDP 4 to 652 nm, almost double the size of MDP 1.

Finally, we prepared a dimeric MD 5 by replacing the butoxy group of MD 4 with
another Bis-MPA unit. The resulting MDP 5 displayed a particle size of 359 nm, demon-
strating how increased hydrophilicity from the additional Bis-MPA group reduced the
overall size (Figure 2). Together, these results highlight how modular chemical design
and processing conditions jointly direct particle size across the nano- to microscale. Small
structural variations in dendron architecture therefore translate into large differences in
particle size and surface organization, revealing a direct structure—property relationship
governing MDP formation.

3.2. Cytotoxicity and Cell-Type-Dependent Biological Response

To further evaluate how inner and connecting functional groups influence biologi-
cal response, cell viability studies were conducted using neuroblastoma Neuro-2a (N2a)
cells and non-tumoral lung epithelial NL-20 cells. Importantly, all biological assays were
performed using freshly prepared colloidal MDP suspensions in PBS rather than dried
particles, ensuring that the observed cellular responses reflect interactions with particles in
solution. Neuroblastoma represents a widely used in vitro model for assessing structure-
dependent cytotoxic responses in neuronal cancer cells, providing a relevant platform for
evaluating particle—cell interactions [30]. Examination of MDP—cell interactions in both
tumoral and non-tumoral models provides insight into how subtle molecular variations
modulate biological outcomes.

According to MTS assays, none of the five MDPs exhibited significant cytotoxicity
at 0.4 mM (400 pM) in either cell line (Figures 3 and 4). At 2 mM, however, MDPs 1
and 4 produced marked reductions in N2a viability (<50%), whereas MDPs 2, 3, and 5
maintained viability values above 50% (Figure 3). Notably, MDPs 1 and 4 differ only in
their connecting functional group (triazole versus ester), suggesting that small variations in
dendron connectivity can significantly influence cellular response.

At 4 mM, this trend became more pronounced. MDPs 1, 2, and 4—each containing a
butoxy ester inner functional group—reduced N2a viability to below 13%, whereas MDPs
3 and 5, incorporating an N-isopropylamide or an additional Bis-MPA unit, respectively,
retained viability values above 50%. These observations indicate that the nature of the inner
functional group plays a dominant role in modulating cytotoxic response in N2a cells.

Importantly, these biological effects arise from particles formed exclusively from
small-molecule Bis-MPA dendrons without drug loading or covalent functionalization.
Remarkably, these results indicate that dendron molecular architecture alone can induce
structure-dependent cellular responses even in the absence of drug loading or covalent func-
tionalization. While most nanoparticle-based systems reported in the literature rely on drug
loading or chemical functionalization to induce biological activity [21,31-35], the present re-
sults highlight that dendron architecture alone can drive pronounced, structure-dependent
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cellular responses. Such behavior underscores the utility of modular dendrons as a plat-
form for probing fundamental relationships between molecular design, supramolecular
assembly, and biological interaction.
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Figure 3. MTS cell-viability assay (mean + SD, n = 3) for Neuro-2a neuroblastoma cells after 24 h
incubation with different concentrations of modular dendron particles (MDPs) prepared from 15 mM
dendron solutions in PBS (pH 7.4). Panels correspond to (a) MDP 1, (b) MDP 2, (c) MDP 3, (d) MDP 4,
and (e) MDP 5. Negative values obtained after background subtraction were set to 0% viability
because they reflect assay noise rather than biologically meaningful negative cell viability. Statistical
significance: * p < 0.05; ** p < 0.01; ** p < 0.001; **** p < 0.0001. ns = not statistically significant.

To assess cell-type specificity, analogous MTS assays were performed using non-
tumoral NL-20 epithelial cells. At 0.4 mM, all MDPs were non-cytotoxic, displaying
viability values near 100% (Figure 4). At 2 mM, MDPs 3-5 maintained full viability, while
MDPs 1 and 2 remained above 70%. At 4 mM, MDPs 2, 4, and 5 produced substantial
reductions in NL-20 viability, whereas MDP 3 retained nearly complete viability. Although
reductions in viability were observed at higher concentrations, the magnitude and pattern
of response differed between cell types. Notably, MDP 1 and MDP 4 exhibited differential
responses between N2a and NL-20 cells, indicating that specific dendron architectures can
elicit cell-type-dependent biological effects. A qualitative summary of these cytotoxicity
trends is provided in Table 1.
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Figure 4. MTS cell-viability assay (mean + SD, n = 3) for non-tumoral NL-20 bronchial epithelial cells
after 24 h incubation with different concentrations of modular dendron particles (MDPs) prepared
from 15 mM dendron solutions in PBS (pH 7.4). Panels correspond to (a) MDP 1, (b) MDP 2,
(c) MDP 3, (d) MDP 4, and (e) MDP 5. Negative values obtained after background subtraction were set
to 0% viability because they reflect assay noise rather than biologically meaningful negative cell viability.
Statistical significance: * p < 0.05; ** p < 0.01; *** p < 0.001; **** p < 0.0001. ns = not statistically significant.

Table 1. Qualitative cytotoxicity trends of modular dendron particles (MDPs) in Neuro-2a and
NL-20 cells after 24 h exposure. Concentrations correspond to the MDP concentrations tested in
the MTS assays shown in Figures 3 and 4 (0.4, 2, and 4 mM). Viability is expressed qualitatively as
+++ (100-80%), ++ (79-50%), + (49-20%), and — (19-0%).

MDP Neuro-2a Viability (%) NL-20 Viability (%)
0.4 mM 2mM 4 mM 0.4 mM 2mM 4 mM
1 +++ + - +++ ++ ++
2 +++ ++ - +++ ++ -
3 +++ +++ ++ +++ +++ +++
4 +++ + - +++ +++ -
5 +++ ++ ++ +++ +++ —

3.3. Evaporation-Driven Morphological Development

Surface characterization of dried MDPs was conducted using scanning electron mi-
croscopy (SEM). A 10 puL aliquot of each colloidal MDP sample was mildly dried at 30 °C
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for 12 h (Figure 5a). Importantly, this experiment allows for the direct visualization of
how pre-assembled colloidal MDPs act as structure-directing seeds during solvent evapora-
tion, providing insight into the processing-driven origin of the final surface morphologies.
Remarkably, each MDP developed into a distinct surface morphology during solvent evap-
oration, indicating a processing-driven, dendron-seeded, morphology-directing assembly
process under drying conditions (Figures 5b and 6). The morphologies observed were
reproducible across multiple independently prepared samples under identical conditions.
SEM revealed that dried MDP 1 formed a spiky flower-like architecture (Dahlia analogy)
in the absence of external templating agents. Comparison of the SEM images across the
five MDP systems clearly shows that small variations in dendron architecture produce
dramatically different surface morphologies, highlighting the strong influence of molecular
design on hierarchical particle structure. The diversity of morphologies observed across the
MDP series becomes evident when the SEM images are compared side by side (Figure 6).
Organic flower-like particles (FLPs) are rare, as most reported FLPs are inorganic [12,36—40],
with only a limited number of examples involving hybrid organic-inorganic or polymeric
systems prepared using templates. Corrugated surface architectures such as flower-like
particles (FLPs), spiky colloids, and other anisotropic morphologies provide enhanced sur-
face area, which is advantageous for catalysis, sensing, and biomedical applications [41-44].
The observed morphologies are consistent with soft, self-assembled structures rather than
crystalline solids. While diffraction-based techniques such as PXRD or electron diffraction
could provide additional structural insight, the present study focuses on morphology and
structure—property relationships at the mesoscale.

a) Drying Process of Flower-Like Particles from Modular Dendron Particles

e
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b) Morphologies of Dried Modular Dendron Particles
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Figure 5. (a) SSchematic representation of the drying process in which colloidal modular dendron
particles (MDPs) undergo evaporation-driven assembly during mild solvent evaporation, leading
to morphology-directing organization. (b) Diversity of evaporation-driven surface architectures
obtained from different modular dendron particles (MDPs).

A possible origin of the spiky morphology observed for dried MDP 1 is the hierarchical
morphological development occurring during solvent evaporation, as evidenced by the
presence of multiple populations of intermediate aggregates (Figure 7). Smaller surface
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features appear to elongate and coalesce into the spike-like protrusions observed in mature
structures. Such spiky surfaces may also reduce van der Waals contact between neighboring
particles, contributing to improved dispersion stability.

Figure 6. Scanning electron microscopy (SEM) images of dried modular dendron particles (MDPs)
formed from 15 mM dendron solutions. (a) MDP 1 displaying a spiky flower-like surface architecture;
(b) MDP 2 exhibiting a scaly surface texture; (c) MDP 3 forming a fibrous convex morphology;
(d) MDP 4 producing uniformly distributed spherical protrusions; and (e) MDP 5 adopting a bi-
concave red-blood-cell-like (RBC-like) morphology. SEM imaging conditions: secondary electron
detector (SED), accelerating voltage 10-20 kV, working distance 10-11 mm.

Figure 7. SEM images illustrating the hierarchical, evaporation-driven morphological develop-
ment leading to the spiky surface architecture of MDP 1 (15 mM MD 1). (a) early-stage aggregates;
(b) intermediate elongation; (c) mature spike formation. Lower-magnification images (%2500 and
x5500) reveal early aggregate populations that progressively elongate into protruding surface fea-
tures, whereas higher magnifications (x7500, x35,000, and x100,000) show the formation of mature
spike-like structures characteristic of the final flower-like morphology.

3.4. Hierarchical Surface Architectures and Structure—Morphology Relationships

Comparison with other butoxy-containing MDPs (MDPs 2 and 4) revealed pronounced
differences in drying-induced surface morphology (Figures 5b, 543 and S45). Dried MDP
2 (Selenicereus undatus analogy) exhibited a scaly surface texture, whereas dried MDP 4
(Craspedia globosa analogy) produced uniformly distributed spherical protrusions rather
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than elongated features (Figure 6b,d). These observations suggest that the triazole connect-
ing group promotes anisotropic, elongated surface morphology (spiky, flaky, or fibrous),
while replacement with an ester linkage (MDP 4) suppresses spike formation.

Dried MDP 3 (Chrysanthemum analogy) displayed a fibrous convex morphology
(Figures 6c and S44), consistent with its amide-based connectivity. In contrast, MDP 5,
which lacks both the butoxy ester and the triazole connector, adopted a biconcave discoid
morphology resembling red blood cells (RBC-like) (Figures 6e and 546). RBC-like architec-
tures are of significant biomedical interest due to their high surface-area-to-volume ratio,
deformability, and mechanical resilience [45-52]. Whereas many synthetic RBC mimics
require complex fabrication methods (e.g., lithography, seeded polymerization, electro-
hydrodynamic jetting, or microfluidics), MDP 5 readily adopts an RBC-like morphology
under mild drying conditions, highlighting the ability of modular dendron design to di-
rect complex surface architectures through simple processing. Collectively, these results
demonstrate that MDP surface morphology can be systematically tuned (from flower-like
to RBC-like architectures) by varying key molecular parameters, including the inner func-
tional group, methylene chain length, and connecting moiety. These variations control a
drying-driven, morphology-directing assembly process (Table 2). Differences between DLS
and SEM sizes are expected due to particle drying and the measurement of hydrodynamic
versus dry-state dimensions.

Table 2. Summary of modular dendron particle (MDP) properties as a function of variation in
the inner functional group and connecting functional group linking the Bis-MPA outer dendron.
Inner and connecting functional groups are highlighted for clarity. For MDPs 1 and 2, the structural
difference is the addition of two methylene units in MD 2. * No flower-like pattern observed; RBC-like
morphology formed instead.

Connecting Z-Average Size Surface
MDP Inner Group Group (nm) ! Morphology
1 Ester Triazole 532 Spike
2 Ester Triazole 3490 Flakes
3 Amide Triazole 229 Fibers
4 Ester Ester 652 Spherical
protrusions
5 Ester Bis-MPA dimer 359 Biconcave *

1 Particle sizes correspond to Z-average hydrodynamic diameters obtained from cumulants analysis of
DLS measurements (see Table S1 for mean =+ SD values).

In summary, this study provides fundamental insights into how simple structural
modifications within Bis-MPA dendrons govern the self-assembly, size modulation, cyto-
toxic behavior, and processing-driven morphological organization of pre-assembled soft
particles in the resulting MDPs (Tables 1 and 2). Systematic variation in the inner functional
group (ester or amide), hydrophobicity through methylene-chain length, and the presence
or absence of the triazole connecting group produced particles ranging from nano- to
microscale dimensions without the need for templates, surfactants, or complex fabrication
steps. These results establish a scalable and modular strategy for tuning MDP properties
through small-molecule design.

Moreover, future studies involving interactions between MDPs and small-molecule
drugs or macromolecules (e.g., proteins) may further expand their utility in drug-delivery
and biomedical applications. Notably, pronounced, structure-dependent cytotoxic re-
sponses in N2a neuroblastoma cells were observed for MDPs 1, 2, and 4, driven by the
presence of the butoxy ester inner functionality. In addition, cell-type-dependent cytotoxic-
ity was exhibited by specific MDPs when compared with non-tumoral NL-20 epithelial cells.
This behavior is consistent with prior reports showing that hierarchical and flower-like
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nanoparticle morphologies can exhibit enhanced cytotoxic responses toward cancer cells
relative to non-cancerous counterparts [53,54].

Finally, we uncovered a unique processing-driven, morphology-directing behavior
in which the combination of the butoxy ester and triazole groups promoted spiky flower-
like architectures (MDPs 1 and 2), whereas replacing the triazole with an ester (MDP 4)
favored spherical protrusions, and incorporating an amide (MDP 3) yielded fibrous convex
morphologies. Notably, MDP 5, containing only a dimeric Bis-MPA unit bridged through a
six-methylene linker, produced a red-blood-cell-like structure rather than any flower-like
pattern. Collectively, these observations highlight the exceptional versatility of modular
Bis-MPA dendrons as programmable building blocks for directing particle size, biological
response, and hierarchical morphology through rational molecular design.

4. Conclusions

This work demonstrates that simple and modular structural modifications within
Bis-MPA dendrons are sufficient to direct the self-assembly of dendron-derived particles
(MDPs) with finely tunable physicochemical and biological properties. Systematic variation
in the inner functional group, hydrophobic chain length, and connecting moiety yielded
self-assembled particles ranging from nano- to microscale dimensions. Importantly, these
structures formed in aqueous media without surfactants or complex processing. These
modular differences governed particle size and enabled processing-driven, morphology-
directing organization during drying, giving rise to hierarchical FLP and RBC-like surface
architectures in the absence of external templates.

The observed structure-property relationships were further reflected in biological as-
says, where MDPs exhibited pronounced, structure-dependent cytotoxic responses in Neuro-
2a neuroblastoma cells, while maintaining higher viability in NL-20 bronchial epithelial cells.
These results demonstrate that dendron architecture alone can elicit cell-type-dependent
biological effects, without the need for drug loading or covalent functionalization.

Overall, this study establishes modular Bis-MPA dendrons as a versatile and scalable
design framework for engineering organic particles with programmable size, surface
morphology, and biological interactions through simple processing. These findings open up
new opportunities for the rational design of soft, dendron-based assemblies for applications
in drug delivery, imaging, sensing, and broader materials science contexts.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390 /nano16070406/s1. The Supporting Information includes detailed
experimental procedures for the synthesis, purification, and structural characterization of all modular
dendrons (MD 1-5); NMR, FTIR, and ESI-MS spectra; protocols for dynamic light scattering (DLS),
scanning electron microscopy (SEM), and MTS cell-viability assays; differential interference contrast
(DIC) microscopy details; procedures for MDP formation; and extended cell-culture and data-analysis
methods, and additional figures (Figures S1-546) and tables (Table S1). References [55,56] are cited in
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PBS phosphate-buffered saline

DLS dynamic light scattering

SEM scanning electron microscopy

DIC differential interference contrast

MTS 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-
2H-tetrazolium assay

References

1. Fernandes, T.; Daniel-da-Silva, A.L.; Trindade, T. Metal-dendrimer hybrid nanomaterials for sensing applications. Coord. Chem.
Rev. 2022, 460, 214483. [CrossRef]

2. Fateh, S.T.; Aghaii, A.-H.; Aminzade, Z.; Shahriari, E.; Roohpour, N.; Koosha, F.; Dezfuli, A.S. Inorganic nanoparticle-cored
dendrimers for biomedical applications: A review. Heliyon 2024, 10, €29726. [CrossRef] [PubMed]

3. Wei, L.; Sheng, T.; Ye, J.Y;; Lu, B.A,; Tian, N.; Zhou, Z.Y.; Zhao, X.S.; Sun, S.G. Seeds and potentials mediated synthesis of
high-index faceted gold nanocrystals with enhanced electrocatalytic activities. Langmuir 2017, 33, 6991-6998. [CrossRef]

4. Nguyen, HX,; Kipping, T.; Banga, A.K. Enhancement of transdermal drug delivery: Integrating microneedles with biodegradable
microparticles. Mol. Pharm. 2025, 22, 984-1009. [CrossRef]

5. Meenach, S.A.; Kim, Y.J.; Kauffman, K.J.; Kanthamneni, N.; Bachelder, E.M.; Ainslie, K.M. Synthesis, optimization, and characteri-
zation of camptothecin-loaded acetalated dextran porous microparticles for pulmonary delivery. Mol. Pharm. 2012, 9, 290-298.
[CrossRef]

6. Negron, LM.; Vazquez-Rosa, E.; Belfleur, L.; Diaz, T.L.; Madera-Soto, B.; Vega, L.E.; Rivera, ]. M. Guanosine-based supramolecular
particles for enhanced drug and gene delivery in cell culture. ACS Appl. Bio Mater. 2025, 8, 5625-5633. [CrossRef]

7. Andrén, O.CJ.; Zhang, Y.; Lundberg, P.; Hawker, C.J.; Nystrom, A.M.; Malkoch, M. Therapeutic nanocarriers via cholesterol
directed self-assembly of well-defined linear-dendritic polymeric amphiphiles. Chem. Mater. 2017, 29, 3891-3898. [CrossRef]

8. Vedhanayagam, M.; Unni Nair, B.; Sreeram, K.J. Collagen-ZnO scaffolds for wound healing applications: Role of dendrimer
functionalization and nanoparticle morphology. ACS Appl. Bio Mater. 2018, 1, 1942-1958. [CrossRef]

9.  Brown, A.T.; Balkus, KJ. Critical rare earth element recovery from coal ash using microsphere flower carbon. ACS Appl. Mater.
Interfaces 2021, 13, 48492-48499. [CrossRef]

10. Kroll, A,; Pillukat, M.H.; Hahn, D.; Schnekenburger, J. Current in vitro methods in nanoparticle risk assessment: Limitations and

challenges. Eur. J. Pharm. Biopharm. 2009, 72, 370-377. [CrossRef]

https://doi.org/10.3390 /nano16070406


https://doi.org/10.1016/j.ccr.2022.214483
https://doi.org/10.1016/j.heliyon.2024.e29726
https://www.ncbi.nlm.nih.gov/pubmed/38694058
https://doi.org/10.1021/acs.langmuir.7b00964
https://doi.org/10.1021/acs.molpharmaceut.4c01202
https://doi.org/10.1021/mp2003785
https://doi.org/10.1021/acsabm.5c00201
https://doi.org/10.1021/acs.chemmater.6b05095
https://doi.org/10.1021/acsabm.8b00491
https://doi.org/10.1021/acsami.1c09298
https://doi.org/10.1016/j.ejpb.2008.08.009
https://doi.org/10.3390/nano16070406

Nanomaterials 2026, 16, 406 14 of 15

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Park, K. Facing the truth about nanotechnology in drug delivery. ACS Nano 2013, 7, 7442-7447. [CrossRef]

Sarhan, R.M.; El-Nagar, G.A.; Abouserie, A.; Roth, C. Silver—iron hierarchical microflowers for highly efficient HyO, nonenzymatic
amperometric detection. ACS Sustain. Chem. Eng. 2019, 7, 4335-4342. [CrossRef]

Chen, S.; Koshy, D.M.; Tsao, Y.; Pfattner, R.; Yan, X.; Feng, D.; Bao, Z. Highly tunable and facile synthesis of uniform carbon flower
particles. J. Am. Chem. Soc. 2018, 140, 10297-10304. [CrossRef]

Cai, W,; Yu, J.; Gu, S.; Jaroniec, M. Facile hydrothermal synthesis of hierarchical boehmite: Sulfate-mediated transformation from
nanoflakes to hollow microspheres. Cryst. Growth Des. 2010, 10, 3977-3982. [CrossRef]

Bakshi, M.S. 1D flower-like morphologies of palladium nanoparticles using strongly hydrophobic surfactants. J. Phys. Chem. C
2009, 113, 10921-10928. [CrossRef]

Sajanlal, PR.; Sreeprasad, T.S.; Nair, A.S.; Pradeep, T. Wires, plates, flowers, needles, and core-shells: Diverse nanostructures of
gold using polyaniline templates. Langmuir 2008, 24, 4607-4614. [CrossRef]

Chang, X.; Bao, J.; Shan, G.; Bao, Y.; Pan, P. Crystallization-driven formation of diversified assemblies for supramolecular
poly(lactic acid)s in solution. Cryst. Growth Des. 2017, 17, 2498-2506. [CrossRef]

Su, X.; Gupta, I.; Jonnalagadda, U.S.; Kwan, J.J. Complementary effects of porosigen and stabilizer on the structure of hollow
porous poly(lactic-co-glycolic acid) microparticles. ACS Appl. Polym. Mater. 2020, 2, 3696-3703. [CrossRef]

Zhang, M.].; Wang, W.; Yang, X.L.; Ma, B.; Liu, YM,; Xie, R.; Ju, X.J.; Liu, Z.; Chu, L.Y. Uniform microparticles with controllable
highly interconnected hierarchical porous structures. ACS Appl. Mater. Interfaces 2015, 7, 13758-13767. [CrossRef]

Dong, Y.; Yang, Y.; Lin, C.; Liu, D. Frame-guided assembly of amphiphiles. Acc. Chem. Res. 2022, 55, 1938-1948. [CrossRef]
Stenstrom, P.; Hjorth, E.; Zhang, Y.; Andrén, O.C.].; Guette-Marquet, S.; Schultzberg, M.; Malkoch, M. Synthesis and in vitro
evaluation of monodisperse amino-functional polyester dendrimers with rapid degradability and antibacterial properties.
Biomacromolecules 2017, 18, 4323-4330. [CrossRef] [PubMed]

McNelles, S.A.; Knight, S.D.; Janzen, N.; Valliant, ].E.; Adronov, A. Synthesis, radiolabeling, and in vivo imaging of PEGylated
high-generation polyester dendrimers. Biomacromolecules 2015, 16, 3033-3041. [CrossRef] [PubMed]

Duran-Lara, E.F; Marple, J.L.; Giesen, J.A.; Fang, Y.; Jordan, J.H.; Godbey, W.T.; Marican, A.; Santos, L.S.; Grayson, S.M.
Investigation of lysine-functionalized dendrimers as dichlorvos detoxification agents. Biomacromolecules 2015, 16, 3434-3444.
[CrossRef]

Carlmark, A.; Malmstrom, E.E. ATRP of dendronized aliphatic macromonomers of generation one, two, and three. Macromolecules
2004, 37, 7491-7496. [CrossRef]

Kareem, O.0.; Daymon, S.P; Keller, C.B.; Chen, B.; Nazarenko, S.; Grayson, S.M. Synthesis and characterization of linear,
homopolyester, benzoyl-protected bis-MPA. Macromolecules 2020, 53, 6608-6618. [CrossRef]

Biscari, G.; Sanz Del Olmo, N.; Palumbo, ES.; Gaglio, R.; Garofalo, G.; Pitarresi, G.; Fiorica, C.; Malkoch, M. Antimicrobial NIR-responsive
hydrogels based on gellan gum and Bis-MPA polyester dendrimers. ACS Appl. Mater. Interfaces 2025, 17, 22448-22463. [CrossRef]
Chen, A.; Karanastasis, A.; Casey, K.R.; Necelis, M.; Carone, B.R.; Caputo, G.A.; Palermo, E.F. Cationic molecular umbrellas as
antibacterial agents with remarkable cell-type selectivity. ACS Appl. Mater. Interfaces 2020, 12, 21270-21282. [CrossRef]

Ihre, H.; Hult, A.; Fréchet, ] ML.].; Gitsov, I. Double-stage convergent approach for the synthesis of functionalized dendritic
aliphatic polyesters based on 2,2-bis(hydroxymethyl)propionic acid. Macromolecules 1998, 31, 4061-4068. [CrossRef]

Malkoch, M.; Malmstrom, E.; Hult, A. Rapid and efficient synthesis of aliphatic ester dendrons and dendrimers. Macromolecules
2002, 35, 8307-8314. [CrossRef]

Yue, C.; Zhang, Q.; Sun, F,; Pan, Q. Global, regional and national burden of neuroblastoma and other peripheral nervous system
tumors, 1990 to 2021 and predictions to 2035. Neoplasia 2025, 60, 101122. [CrossRef]

Knauer, N.; Pashkina, E.; Aktanova, A.; Boeva, O.; Arkhipova, V.; Barkovskaya, M.; Meschaninova, M.; Karpus, A.; Majoral, J.-P;
Kozlov, V,; et al. Effects of cationic dendrimers and their complexes with microRNAs on immunocompetent cells. Pharmaceutics
2022, 15, 148. [CrossRef]

Farzin, A.; Etesami, S.A.; Quint, J.; Memic, A.; Tamayol, A. Magnetic nanoparticles in cancer therapy and diagnosis. Adv. Healthc.
Mater. 2020, 9, 1901058. [CrossRef]

Kallumadil, M.; Tada, M.; Nakagawa, T.; Abe, M.; Southern, P.; Pankhurst, Q.A. Suitability of commercial colloids for magnetic
hyperthermia. J. Magn. Magn. Mater. 2009, 321, 1509-1513. [CrossRef]

Wan, C,; Sun, Y,; Tian, Y.; Lu, L.; Dai, X.; Meng, J.; Huang, J.; He, Q.; Wu, B.; Zhang, Z.; et al. Irradiated tumor cell-derived
microparticles mediate tumor eradication via cell killing and immune reprogramming. Sci. Adv. 2020, 6, eaay9789. [CrossRef]
Hu, Y; Wan, C,; Yang, X,; Tian, Y;; Deng, S.; An, D.; Wang, Y.; Wang, J.; Liao, Z.; Meng, ] ; et al. Radiated tumor cell-derived microparticles
effectively kill stem-like tumor cells by increasing reactive oxygen species. Front. Bioeng. Biotechnol. 2023, 11, 1156951. [CrossRef]
Negron, L.M.; Diaz, T.L.; Ortiz-Quiles, E.O.; Dieppa-Matos, D.; Madera-Soto, B.; Rivera, ].M. Organic nanoflowers from a wide
variety of molecules templated by a hierarchical supramolecular scaffold. Langmuir 2016, 32, 2283-2290. [CrossRef]

Lee, S.W.; Cheon, S.A.; Kim, M.L; Park, T.J. Organic-inorganic hybrid nanoflowers: Types, characteristics, and future prospects.
J. Nanobiotechnol. 2015, 13, 54. [CrossRef] [PubMed]

https:/ /doi.org/10.3390/nano16070406


https://doi.org/10.1021/nn404501g
https://doi.org/10.1021/acssuschemeng.8b06182
https://doi.org/10.1021/jacs.8b05825
https://doi.org/10.1021/cg100544w
https://doi.org/10.1021/jp9019624
https://doi.org/10.1021/la703593c
https://doi.org/10.1021/acs.cgd.7b00013
https://doi.org/10.1021/acsapm.0c00696
https://doi.org/10.1021/acsami.5b01031
https://doi.org/10.1021/acs.accounts.2c00234
https://doi.org/10.1021/acs.biomac.7b01364
https://www.ncbi.nlm.nih.gov/pubmed/29131611
https://doi.org/10.1021/acs.biomac.5b00911
https://www.ncbi.nlm.nih.gov/pubmed/26295201
https://doi.org/10.1021/acs.biomac.5b00657
https://doi.org/10.1021/ma049432a
https://doi.org/10.1021/acs.macromol.0c01045
https://doi.org/10.1021/acsami.5c02386
https://doi.org/10.1021/acsami.9b19076
https://doi.org/10.1021/ma9718762
https://doi.org/10.1021/ma0205360
https://doi.org/10.1016/j.neo.2025.101122
https://doi.org/10.3390/pharmaceutics15010148
https://doi.org/10.1002/adhm.201901058
https://doi.org/10.1016/j.jmmm.2009.02.075
https://doi.org/10.1126/sciadv.aay9789
https://doi.org/10.3389/fbioe.2023.1156951
https://doi.org/10.1021/acs.langmuir.5b03946
https://doi.org/10.1186/s12951-015-0118-0
https://www.ncbi.nlm.nih.gov/pubmed/26337651
https://doi.org/10.3390/nano16070406

Nanomaterials 2026, 16, 406 15 of 15

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Gong, H.; llavsky, J.; Kuzmenko, I.; Chen, S.; Yan, H.; Cooper, C.B.; Chen, G.; Chen, Y.; Chiong, ].A.; Jiang, Y.; et al. Formation
mechanism of flower-like polyacrylonitrile particles. J. Am. Chem. Soc. 2022, 144, 17576-17587. [CrossRef] [PubMed]

Zhang, K.; Geissler, A.; Chen, X; Rosenfeldt, S.; Yang, Y.; Forster, S.; Miiller-Plathe, F. Polymeric flower-like microparticles from
self-assembled cellulose stearoyl esters. ACS Macro Lett. 2015, 4, 214-219. [CrossRef] [PubMed]

Gavildn, H.; Sanchez, E.H.; Brollo, M.E.EF,; Asin, L.; Moerner, K K,; Frandsen, C.; Lazaro, FJ.; Serna, C.J.; Veintemillas-Verdaguer,
S.; Morales, M.P,; et al. Formation mechanism of maghemite nanoflowers synthesized by a polyol-mediated process. ACS Omega
2017, 2, 7172-7184. [CrossRef]

Wang, Z.; Cao, Y.; Zhang, X.; Wang, D.; Liu, M.; Xie, Z.; Wang, Y. Rapid self-assembly of block copolymers for flower-like particles
with high throughput. Langmuir 2016, 32, 13517-13524. [CrossRef]

Montjoy, D.G.; Hou, H.; Bahng, J.H.; Kotov, N.A. Omnidispersible microscale colloids with nanoscale polymeric spikes.
Chem. Mater. 2020, 32, 9897-9905. [CrossRef]

Tang, L.; Vo, T.; Fan, X.; Vecchio, D.; Ma, T.; Lu, ]J.; Hou, H.; Glotzer, S.C.; Kotov, N.A. Self-assembly mechanism of complex
corrugated particles. . Am. Chem. Soc. 2021, 143, 19655-19667. [CrossRef]

Meyer, K.C.; Coker, E.N.; Bolintineanu, D.S.; Kaehr, B. Mechanically encoded cellular shapes for synthesis of anisotropic
mesoporous particles. J. Am. Chem. Soc. 2014, 136, 13138-13141. [CrossRef] [PubMed]

Gao, Z.; Sun, H.; Yang, S.; Li, M.; Qi, N.; Cui, J. Red blood cell-like poly(ethylene glycol) particles: Influence of particle stiffness on
biological behaviors. ACS Macro Lett. 2024, 13, 966-971. [CrossRef] [PubMed]

Song, L.; Chen, X.; Huang, X.; Zhong, L.; Jiang, X.; Zhang, X. Non-close-packed particle arrays based on anisotropic red blood
cell-like particles via stretching deformation method. Langmuir 2019, 35, 9044-9059. [CrossRef] [PubMed]

Xie, D.; Ren, X,; Xie, Y.; Zhang, X.; Liao, S. Large-scale synthesis of monodisperse red blood cell-like polymer particles. ACS Macro
Lett. 2016, 5, 174-176. [CrossRef]

Gupta, N.; Saha, D.; Thakur, V.; Yadav, S.S.; Jat, S.; Kumar, P.; Datusalia, A.K.; Satapathy, B.K.; Saha, S. Biomimetic approach
for optimal designing of the shape and controlled release of therapeutics from tricompartmental microcarriers for managing
Parkinson’s disease. ACS Appl. Bio Mater. 2025, 8, 252-270. [CrossRef]

Mori, K;; Watanabe, T.; Ono, T. Formation of nonspherical cellulose acetate microparticles under microflow. Langmuir 2024, 40,
27314-27322. [CrossRef]

Modery-Pawlowski, C.L.; Tian, L.L.; Pan, V.; Sen Gupta, A. Synthetic approaches to RBC mimicry and oxygen carrier systems.
Biomacromolecules 2013, 14, 939-948. [CrossRef] [PubMed]

Liu, X.; Moradi, M. A ; Bus, T.; Heuts, ].P.A.; Debije, M.G.; Schenning, A.P.H.]. Monodisperse liquid crystalline polymer shells
with programmable alignment and shape prepared by seeded dispersion polymerization. Macromolecules 2021, 54, 6052-6060.
[CrossRef]

Ge, X.; Wang, M.; Wang, H.; Yuan, Q.; Ge, X; Liu, H.; Tang, T. Novel walnut-like multihollow polymer particles: Synthesis and
morphology control. Langmuir 2010, 26, 1635-1641. [CrossRef]

Gwon, K,; Park, ].D.; Lee, S.; Yu, ].S.; Lee, D.N. Biocompatible core-shell-structured Si-based NiO nanoflowers and their anticancer
activity. Pharmaceutics 2022, 14, 268. [CrossRef]

Courouble, J.; Klebowski, B.; Seksek, O.; Jakubczyk, P.; Lacombe, S.; Porcel, E.; Depciuch, J.; Parlinska-Wojtan, M. Proton
beam-induced effects of platinum nanoparticles and their intracellular localization. Colloids Surf. B Biointerfaces 2025, 257, 115154.
[CrossRef]

Turhanen, P.A.; Leppénen, J.; Vepsildinen, J.J. Green and Efficient Esterification Method Using Dried Dowex H* /Nal Approach.
ACS Omega 2019, 4, 8974-8984. [CrossRef]

Negrén, L.M.; Meléndez-Contés, Y.; Rivera, ].M. Patchy Supramolecules as Versatile Tools to Probe Hydrophobicity in Nanoglob-
ular Systems. J. Am. Chem. Soc. 2013, 135, 3815-3817. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/nano16070406


https://doi.org/10.1021/jacs.2c07032
https://www.ncbi.nlm.nih.gov/pubmed/36102706
https://doi.org/10.1021/mz500788e
https://www.ncbi.nlm.nih.gov/pubmed/35596410
https://doi.org/10.1021/acsomega.7b00975
https://doi.org/10.1021/acs.langmuir.6b03940
https://doi.org/10.1021/acs.chemmater.0c02472
https://doi.org/10.1021/jacs.1c05488
https://doi.org/10.1021/ja506718z
https://www.ncbi.nlm.nih.gov/pubmed/25170802
https://doi.org/10.1021/acsmacrolett.4c00330
https://www.ncbi.nlm.nih.gov/pubmed/39038183
https://doi.org/10.1021/acs.langmuir.9b01123
https://www.ncbi.nlm.nih.gov/pubmed/31244245
https://doi.org/10.1021/acsmacrolett.5b00852
https://doi.org/10.1021/acsabm.4c01149
https://doi.org/10.1021/acs.langmuir.4c03430
https://doi.org/10.1021/bm400074t
https://www.ncbi.nlm.nih.gov/pubmed/23452431
https://doi.org/10.1021/acs.macromol.1c00884
https://doi.org/10.1021/la902493r
https://doi.org/10.3390/pharmaceutics14020268
https://doi.org/10.1016/j.colsurfb.2025.115154
https://doi.org/10.1021/acsomega.9b00790
https://doi.org/10.1021/ja401373h
https://doi.org/10.3390/nano16070406

	Introduction 
	Materials and Methods 
	Materials 
	Synthesis of Modular Dendrons (MD 1–5) 
	Preparation of Modular Dendron Particles (MDPs) 
	Dynamic Light Scattering (DLS) 
	Scanning Electron Microscopy (SEM) 
	Differential Interference Contrast (DIC) Microscopy 
	Cell Culture 
	Cytotoxicity Assay 
	Statistical Analysis 

	Results 
	Formation and Size Control of Modular Dendron Particles 
	Cytotoxicity and Cell-Type-Dependent Biological Response 
	Evaporation-Driven Morphological Development 
	Hierarchical Surface Architectures and Structure–Morphology Relationships 

	Conclusions 
	References

