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ABSTRACT: The construction of hierarchical materials
through controlled self-assembly of molecular building blocks
(e.g, dendrimers) represents a unique opportunity to generate
functional nanodevices in a convenient way. Transition-metal
compounds are known to be able to interact with cationic
dendrimers to generate diverse supramolecular structures, such
as nanofibers, with interesting collective properties. In this
work, molecular dynamics simulation (MD) demonstrates that
acetate ions from dissociated Cd(CH;COOQ), selectively
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generate cationic PPI-dendrimer functional fibers through hydrophobic modification of the dendrimer’s surface. The
hydrophobic aggregation of dendrimers is triggered by the asymmetric nature of the acetate anions (AcO~) rather than by the
precise transition metal (Cd). The assembling directionality is also controlled by the concentration of AcO™ ions in solution.
Atomic force (AFM) and transmission electron microscopy (TEM) prove these results. This well-defined directional assembly of
cationic dendrimers is absent for different cadmium derivatives (i.e,, CdCl,, CdSO,) with symmetric anions. Moreover, since the
formation of these nanofibers is controlled exclusively by selected anions, fiber disassembly can be consequently triggered via
simple ionic competition by NaCl salt. Ions are here reported as a simple and cost-effective tool to drive and control actively the
assembly and the disassembly of such functional nanomaterials based on dendrimers.

B INTRODUCTION

The possibility to generate ordered nanostructures through
controlled self-assembly is fundamental for the engineering of
functional hierarchical materials with unique collective proper-
ties. Different well-defined supramolecular structures can be
obtained and used for many technological applications."”
Among them, nanofibers are extremely useful to develop
nanodevices with interesting optical and conductive properties
for electronics,™* optics,”' sensing® and biomedical applica-
tions.”® Biomolecules,” and in particular dendritic molecules,”’
can be used to generate hybrid organic—inorganic nanostruc-
tures with considerable potential for nanotechnology. Den-
drimers and dendrons are hyperbranched polymers with precise
symmetry and regular structures,'® which are interesting for
many diverse nano- and life-science applications, for example,
for gene'' and drug delivery,'* as antiviral® and antibacterial
agents,14 and for the construction of sensors'> and advanced
materials."®'” Their surface can be functionalized in a precise
way to form multivalent arrays of a variety of ligands.'® The
unique features of the dendritic scaffolds can give rise to many
different hierarchical self-assembled structures, which are also
regulated by the external conditions (pH, temperature,
concentration, etc.)."” > Hierarchical dendritic and polymeric
aggregates can be used to direct the assembly of nanoparticles
in a well-defined manner.”>** For example, we have recently
shown that an elastin-like polymer (ELP) is able to direct the
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self-assembly of cadmium selenide (CdSe) nanoparticles
prepared in situ to fabricate hybrid semiconductor nanofibers
with interesting optical and electric properties.”* The ELP
polymers not only drive the formation of fibers but also
stabilize and control size and spatial distribution of the CdSe
nanoparticles. Recently, the possibility was reported to induce
unidirectional self-assembly of fourth generation (G4) amino-
terminated poly(propylene imine) (PPI) cationic dendrimers in
aqueous solution containing cadmium acetate (Cd-
(CH,C00),) in a 10:1 salt—dendrimer molar ratio.”> These
PPI dendrimer-based hybrid nanofibers can be further
decorated in different ways (e.g., with gold (Au) nanoparticles
upon nanofiber metallization) to obtain functional hierarchical
hybrid structures.

B RESULTS AND DISCUSSION

Originally, the unidirectional PPI self-assembly phenomenon
was associated with a hypothetical key role played by the Cd**
cations.”> Once added in solution, each molecule of water-
soluble Cd(CH;COOQ), dissociates into two negative acetate
ions (CH;COO™ or AcO~) and a single Cd*". The initial
supposition was that a single Cd®* ion was able to form
coordination bonds with the peripheral primary amines (NH,)
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Figure 1. Original hypothesis proposed for the formation of PPI dendrimer supramolecular fibers.”® (a) The addition of 3 mM of Cd(CH;COOQ), in
aqueous solution containing G4 PPI dendrimers (0.3 mM) decreases pH to ~8.3 and increases ionic strength in solution.”® (b) Cd** transition metal
cations coordinate to 10 PPI NH, surface groups, and the remaining 22 surface groups become charged (NH;"); each PPI dendrimer carries on
average a theoretical charge of +42e. (c) Transmission electron microscopy (TEM) image of the fibers formed by linear complexation (d) of
individual dendrimers (blue).”> Cd* ions (e) were originally supposed to act as a “linker” coordinating NH, groups from different dendrimers

leading to fiber growth.

of two different PPI dendrimers (Figure 1d) generating a web
of multiple coordination “bridges” between dendrimers and
leading to the formation of fibers in solution (Figure 1).°
Cadmium is a transition metal, and due to its partially empty d
orbital, it can generate transition complexes with those
functional groups that possess lone pairs (in this case the
dendrimer’s surface NH, groups).

The last part of this interpretation, based on the PPI linkage
by Cd*" ions evidenced in red in Figure le, presented however
a few counterintuitive aspects. First, this mechanism does not
explain the presence of a preferential directionality in
dendrimer aggregation at any ionic concentration in solution.
Second, small Cd** ions diffuse faster than bigger dendrimers in
solution. Thus, it is reasonable to assume the uniform
coordination of PPI dendrimers by Cd** ions as an almost
immediate event as soon as Cd(CH;COO), is dissolved in
water. As a consequence, all of the dendrimers in solution can
be considered as partially decorated with 10 Cd** ions and
partially by protonated surface groups (22 NH;*) due to pH
decrease induced by the increased ionic strength in solution
(Figure 1b, average conditions).”> This would give rise to the
rapid formation of multiple positively charged dendrimers (with
an average charge of +42e each), which would tend to repel
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each other making it impossible for dendrimer—dendrimer
attraction (long-range effect) and for the consequent
approaching necessary for any coordination (short-range
effect). In such a case, moreover, after the sudden Cd**
coordination, no free unprotonated NH, groups at all would
be present at the dendrimer’s surface to complete the
coordination as represented in Figure le; if the hypothesis in
Figure 1b is valid for all of the dendrimers in solution, that in
Figure le becomes unlikely.

In the present study, we used molecular dynamics (MD)
simulation to explore in depth the factors that control the
unidirectional dendrimer aggregation in order to have a clearer
interpretation of the fiber formation phenomenon. As a first
step, we created a model for generation 4 (G4) PPI dendrimer
(D), whose surface groups were coordinated with 10 Cd*" ions
consistent with the experimental 10:1 molar ratio of cadmium
acetate present in solution (Figure 1a,b and Figure S2b,c in the
Supporting Information). This model aimed to represent in
average the D dendrimers under experimental conditions. D
was constructed and parametrized according to a well-validated
procedure used by our group in previous studies on
dendrimers®® and dendrons®” (extensive details about the
computational methods and the systems simulated in this work

dx.doi.org/10.1021/ja206611s | J. Am. Chem. Soc. 2012, 134, 3349—-3357
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Figure 2. The effect of different ions on the dendrimer. (a) The dissociation of CdCl, and Cd(CH;COO)), in water introduce, respectively, Cl~ and
AcO~ ions in solution. The dendrimer D (b) was simulated in a solution containing Cl~ (c) and AcO™ ions (d). During the MD simulations, those
ions binding in a stable way to D’s surface are represented as spheres; those that interact only intermittently with D are represented as sticks. Water
molecules are omitted for clarity. C1~ (b, cyan) and AcO~ ions (c, negative heads in green and hydrophobic tails in black) accumulate and stabilize in
correspondence to Cd®* surface ions forming D—Cl~ and D—AcO~ dendrimer—ion primary complexes. In general, both ions modify the
hydrophilicity of the dendrimer (the less negative the solvation energy, G, the higher the hydrophobicity), but AcO™ ions render D—AcO~
consistently more hydrophobic than D—CI™ due to the high concentration of hydrophobic CHj tail groups in correspondence to Cd** (d). CI™ and
AcO™ ions tend to create clusters of Cd** surface groups. The heterogeneous surface of D—AcO™ is consequently divided into hydrophobic neutral
(NH,—Cd**—AcO" in blue) and hydrophilic positive NH;* domains (in red). On the other hand, when CI~ binds to Cd** (c) the blue domains of
D—CI™ become negatively charged (NH,—Cd**—CIl~ — the negative charge present on Cl” is directly exposed to the external solution). The
schemes are illustrative, and D’s red and blue domains have not necessarily the same extension.

are available in the Supporting Information). The cadmium ratio of cadmium acetate, 1:10 with respect to the dendrimer).
ions (10 Cd**) were coordinated uniformly and randomly to 10 In this case, D was surrounded by water molecules and Cl™ ions
of the total 32 NH, surface groups of the unfolded G4 PPI (from dissociated CdCl,) replacing AcO™ ones (Figure 2a).
dendrimer. The remaining surface groups were assumed to be This additional system was created and simulated as a control
protonated (22 NH;" groups) according to the solution pH experiment for comparison and to better interpret the
(~8.3).>° A single unfolded dendrimer D (total charge of +42¢) coordination ability and the effect of different ions on the
was equilibrated in a periodic box containing water and AcO~ dendrimer assembly. Charged ions in solution are known to be
ions. All MD simulations conducted in this study were carried capable of strong interactions with the charged surface of
out in NPT conditions at 300 K and 1 atm of pressure using the dendritic molecules and to interfere with the complexation
AMBER 11 suite of programs®® and lasted until each simulated between molecules.””** Most self-assembly events have
system reached the equilibrium. The root-mean-square hierarchical aspects and often involve different scales of
deviation (rmsd) data obtained from the MD trajectories supramolecular aggregation. By affecting molecular recognition,
were used to check the convergence to the equilibrium. The ionic strength is also known to have a direct potential impact
structural and energetic analyses for each system were carried on self-assembly.*’

out using the ptraj module within AMBER 11 and the MM- MD simulations demonstrate some interesting and important
PBSA* approach according to a validated procedure adopted results. During the dynamics most of the CI” and AcO~
previously by our group (details about the simulations and the solution ions coordinate similarly to D’s surface. At D’s surface,
data analysis procedures are available in the Supporting the positive charge of each Cd** decorated group (NH,—Cd*,
Information).”**”?%3! The same starting (unfolded) config- in blue in Figure 2) is double that present on the NH;" groups
uration of the dendrimer was also simulated as immersed in a (red in Figure 2) and thus the negatively charged AcO™ and
solution of water and cadmium chloride (in the same molar Cl ions have consistently higher affinity for the NH,—Cd**
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Figure 3. Ion-selective mechanism of dendrimer fibers formation. (a) The entire mechanism is controlled by acetate ions. (b) The particular features
of AcO™ generate a self-assembly controlled by hydrophobic forces; the tail—tail coupling of AcO™ ions recalls the mechanism of formation of lipid
bilayers and the self-assembly of amphiphilies (bolaamphiphiles).** (c) Dendrimer aggregation along preferential directionality is due to hydrophobic
anisotropy at D’s surface, which drives aggregation of blue hydrophobic domains. (d, ) CdCl, (3 mM) does not generate nanofibers of PPI
dendrimers (0.3 mM) in water. The nondirectional aggregation of D—CI~ complexes is generated by the electrostatic attraction between the
oppositely charged red and blue surface domains, which induce the formation of multiple globular superassemblies in solution with ~0.5—1 ym size.

blue groups than for the NH;* red ones. Negative ions are
strongly attracted by the Cd*" ions and readily coordinate to
NH,—Cd** groups generating tight and stable primary
dendrimer—ion complexes (D—CI~ and D—AcO~ in Figure
2¢,d, respectively). The affinity of Cl~ for Cd** ions is on
average slightly higher than that of AcO™ (AE,,, = —18.1 + 0.8
kcal mol™ versus AE,,, = —15.6 + 0.8 kcal mol™’; for AcO™
the attraction is concentrated on the negatively charged head).
The dynamics of the interactions between both ions and Cd**
is also rather similar (radial distribution function plots are
available in the Supporting Information). The strong attraction
and stable coordination between surface Cd** and the
negatively charged solution ions is an intuitive phenomenon
that has however an important impact particularly in the case of
AcO™. In this case, the NH,—Cd** surface groups of D are
surrounded by AcO™ tails (highly hydrophobic CH; groups),
which intuitively transform the hydrophobicity of the
dendrimer (Figure 2d). Solvation energy (G,,) analysis
demonstrates that when AcO™ ions stabilize over D’s surface,
the resulting dendrimer—ion primary complex D—AcO™ is
more than 10 times more hydrophobic than the native D and
almost five times more hydrophobic than D—CI~ (Figure 2, less
negative/favorable G).
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The electrostatic attraction between negative solution ions
(CI" and AcO™) and Cd** involves all of the NH,—Cd**
groups, which tend to aggregate giving rise to the formation of
tight surface “ionic clusters” (Figure 2b,c). In the case of AcO™,
this ionic clusterization is also more evident due to the
hydrophobic association between CH;—CH; AcO™ tail groups,
which increase NH,—Cd** aggregation (details are available in
the Supporting Information, Figure S6). As a general
consequence, however, these phenomena subdivide the surface
of D into “domains” where similar surface groups tend to
aggregate, as represented conceptually by the schemes of Figure
2. Moreover, it is worth noting that while red domains (NH;*
groups) are generally hydrophilic and positively charged, the
characteristics of the blue ones (NH,—Cd*") depend on the
coordinated anions (AcO~ or CI7). The presence of CI~, for
instance, induces an overall negative charge on the D surface
blue domains, while in the case of AcO™ such ions neutralize
the same domains and make them strongly hydrophobic
(Figure 2b,c). In this framework, NH;" groups (red) interact
only intermittently and discontinuously with the remaining
AcO™ during the dynamics.

Within the D—AcO™ primary complexes, hydrophobicity is
entirely focused onto the blue domains (NH,—Cd**—AcO~
groups), which are surrounded by acetate’s CHj tails (Figure
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Figure 4. Snapshots taken from the MD simulation of the D1+D2—AcO~ secondary complex. (a) The complexation between the two D1 (black)
and D2 (pink) identical dendrimers is stable over 100 ns of MD simulation (favorable AGy,4). AcO™ ions (green and black) act as an “ionic glue”
that stabilizes the complex. The protonated amines (NH;", N and H atoms colored in blue and white, respectively) of the hydrophilic domains
remain rather exposed to the solution. (b) AFM image of fiber formation on silicon substrate (which complements the TEM image of Figure 1b);
PPI G4 (0.3 mM) was dissolved in a solution of distilled water and 3 mM of Cd(CH;COO),. (c) Such fibers can be also functionalized, for example,
with gold nanoparticles,24 see also Figure S9 in the Supporting Information, or can interact with diverse precursors to achieve the in situ controlled
formation of equidistant semiconductor domains (e.g,, CdSe, see Figure S10 in the Supporting Information).

3b). The partial surface coverage of Cd** ions in concert with
the ionic clustering generated by AcO~ transforms the
symmetrical and spherical dendrimers into asymmetric building
blocks (Figure 2). The hydrophobic anisotropy of D—AcO~
induced by ions suggests a preferential directionality for self-
assembly. This result is consistent with the work conducted by
Glotzer and collaborators, who identified anisotropy as a
fundamental driving force to control self-assembly.>* It also
proposes multiple perspectives. First, the hydrophobicity switch
induced by AcO~ ions (Figure 3a) appears to be the main
factor that triggers and controls the PPI dendrimer unidirec-
tional assembly (Figure 3b,c). In fact, there is a clear
relationship between hydrophobicity and aggregation (Figure
3b) as was also evidenced in our recent study on self-assembly
of capsid viruses.”' Second, different from the initial hypothesis,
precise ions (AcO~), rather than the transition metal (Cd**),
seem to play the major role in controlling the monodimen-
sional dendrimer assembly in a selective way.

For instance, the different subdivision of D—CI™ surface into
positive NH," (red) and negatively charged domains (blue,
Figure 2c) induces a dendrimer assembly that is completely
different from the one generated by AcO~, a nondirectional
aggregation resulting from the electrostatic attraction between
the oppositely charged red (NH;") and blue (NH,—Cd**—Cl")
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domains of different D—CI™ primary complexes (Figure 3d).
AFM investigations show that in a solution containing 3 mM
CdCl,, no formation of fibers occurs for the same dendrimers
(PPI concentration of 0.3 mM) under the same conditions,
demonstrating the absence of any assembly directionality. In
this case, spherical aggregates with diameter of about ~0.5—1
pum are formed as shown in Figure 3e. This lack of directionality
in the assembly was also verified for different transition-metal
based salts (see, for instance, Figure S11 and related comments
in the Supporting Information). As a third point, the peculiar
partition of D’s surface into different red and blue surface
domains (Figure 3) is intrinsically dependent upon the ionic
concentration in solution owing to the partial Cd**
coordination of the dendrimer surface (in this case, only 10
NH, groups coordinate to Cd*"). This evidence implies the
existence of a precise “window” of dendrimer—salt molar ratios
allowing for such directionality. This was proven by further
control experiments; AFM measurements demonstrated that
already at 1:20 dendrimer—Cd(CH;COOQ), molar ratio, the
assembly loses directionality and the fibers are almost entirely
replaced by supramolecular assemblies with globular shape (see
Supporting Information, Figure S8). This strong evidence
confirms that the nature of ions and their concentration in
solution control actively the assembling of dendrimers and the
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Figure 5. Fiber disassembly triggered by ionic competition. (a) AFM image of PPI-Cd(CH;COO), nanofibers on silicon substrate. Fibers are
formed upon dissolving 0.3 mM PPI G4 dendrimer in distilled water solution with 3 mM Cd(CH;COO), (a molecular ratio with the dendrimers of
10:1). (b) After the addition of only 0.3 mM NaCl in solution (1:1 molar ratio with the dendrimer) most of the dendrimer fibers start to disassemble
and to disappear from the solution substituted by a general dispersity. (c) When the NaCl salt concentration is increased to 3 mM (the same
concentration in solution of cadmium acetate), the fibers start to be replaced by particles as was evidenced in CdCl, solution (Figure 3e). (d) Fiber
disassembly is induced by ionic competition; at D’s surface Cl™ ions (cyan) replace AcO™ ions (green and black) due to a higher affinity for Cd**
(yellow). (e) The 100 ns MD simulation of Figure 4a was continued with the addition of 20 NaCl molecules to the solution (10:1 molecular ratio
with the dendrimers). Cl” starts to replace AcO™ in correspondence of Cd*" ions after only 30 ns. Within the snapshots D1 and D2 are colored in
black and pink. Cl~ and Na* are colored in cyan and orange; water is not shown for clarity. (f) After 30 ns, only those Cl~ that replace AcO™ and
coordinate stably with the dendrimers (Cd**) are represented as cyan spheres.

aggregation directionality as represented in Figure 3. Similar
results were reported in recent work by the groups of Geng and
Newkome who demonstrated that the electrostatic interactions
between spherical dendrimers and symmetric ions can result in
the formation of capsules®* or supramolecular fibers.>> Precise
stoichiometries between dendrimer surface NH, groups and
Cd* and AcO~ ions could suggest a general pattern in self-
assembly of dendrimer-based fibers in the framework of what
was recently proposed by Tomalia.*® However, this would need
deeper investigation to be considered a general concept due to

the potential key role played by many dendritic structural
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parameters (e.g., rigidity/flexibility of the scaffold, dendritic
generation, etc.).

As a next step, a new molecular system to represent the
interface between two D dendrimers inside the fiber (Figure
3b,c) was created. The equilibrated configuration of the D—
AcO™ primary complex (Figure 2d) was taken as a reference.
D—AcO™ was duplicated, and two identical D1—AcO~ and
D2—AcO™ primary complexes were put in close contact
(Figure 4a); the surface regions with the highest concentration
of Cd** (and AcO™) were coupled to form the interface. The
consequent secondary D1+D2—AcO~ complex was again
solvated and simulated for 100 ns to prove the stability of

dx.doi.org/10.1021/ja206611s | J. Am. Chem. Soc. 2012, 134, 3349—3357
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the complexation. The hypothesis presented in Figure 3 finds
consistency and confirmation in this simulation. The D1+D2—
AcOT~ secondary complex remains, in fact, stable over the entire
100 ns MD run (Figure 4a). During the dynamics, AcO™ ions
act as a real “ionic glue” that solidifies (clusters) at the interface
between the two dendrimers stabilizing the complex (a movie
of this simulation is provided in the Supporting Information).
The free energy of binding between the two primary complexes
(D1-AcO~ and D2—AcO~) was also obtained from the
equilibrated phase MD trajectories (Figure 4a, AGyg;
complete energy data are reported in the Supporting
Information).

The favorable value of AGy;,y demonstrates that AcO™ ions
stabilize the aggregation between D1 and D2 dendrimers
leading to stable complexation (AGy,y = —16.9 + 0.2 kcal
mol™"). AcO™ ions screen the positive charges present on the
surfaces of the D1 and D2 dendrimers (+42e each), which
otherwise would give rise to strong electrostatic repulsion. At
the same time, they enhance the hydrophobicity of the two
dendrimers, which aggregate to minimize the hydrophobic
surface exposed to the polar solvent (hydrophobic assembly).
Together, this simulation and the conceptual scheme of Figure
3c identify also the positively charged domains (NH;") and the
hydrophobic and neutral D1-D2—AcO" interface zones as the
potential binding sites along the fiber for eventual functional-
ization with negatively charged or neutral nanoparticles,
respectively (e.g., gold, CdSe, etc.). The fact that this
monodimensional aggregation of dendrimers into nanofibers
is controlled only by the particular nature and by the number of
AcO™ ions present in solution makes of this assembly
phenomenon a real “ion-selective” process.

Since the mechanism is entirely governed by ions, these
results suggested that it was also intuitively possible to use
other ions to trigger disassembly. Our intuition proposed that
to disassemble such functional fibers (Figure Sa) it was in
principle sufficient to introduce in the system competitive
negative ions with higher Cd*" affinity than that of AcO™ that
do not alter the hydrophobicity of the dendrimers (e.g, CI7).
As an easy and cheap example, we tested NaCl salt, which is
highly soluble in water and introduces CI~ ions as competitors
for the AcO™ in solution. Figure 5 demonstrates the efficacy of
this principle.

As soon as 0.3 mM NaCl is introduced into the hybrid
system (Figure Sa), the nanofibers start to disassemble rapidly
(Figure Sb). Moreover, when the NaCl concentration is
increased to 3 mM (Figure Sc), the fibers start to be
substituted by globular aggregates with ~0.5—1 um size, very
similar to those generated by dendrimers in CdCl, solution
(Figure 3e). This disassembly process is due to ion
competition; CI™ ions replace AcO™ ions at the dendrimer’s
surface, and AcO™~ ions diffuse in solution (Figure Sd). It is
evident that the presence of CI™ at D’s surface eliminates the
hydrophobic surface anisotropy, which controls the unidirec-
tional assembly. The presence of ionic competition and
substitution is also proven by modeling. The 100 ns D1—
D2—AcO~ MD simulation (Figure 4a) was continued after the
addition of 20 NaCl molecules in solution (1:1 molar ratio with
Cd(CH;COO0),). Figure Sf demonstrates that the higher
affinity of CI~ for Cd** provokes consistent ionic substitution
in correspondence with Cd** ions and at the interface between
the two dendrimers after only 30 ns of simulation (9 CI™ of the
total 20 are already coordinated tightly to Cd*" replacing AcO~
ions).
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B CONCLUSIONS

In conclusion, we have reported a simple concept to control the
assembly of functional nanofibers based on amino-terminated
dendrimers (PPI) using selectively determined ions in an active
way. Such fibers have already been demonstrated to possess
interesting functionalities and properties; in fact they can be
functionalized in different ways to obtain hybrid conductor or
semiconductor nanodevices.”> The monodimensional aggrega-
tion of multiple dendrimers and the consequent fiber growth in
a solution of cadmium acetate is demonstrated to be due to the
AcO~ ions rather than to the particular transition metal (Cd**).
AcO” jons in fact can direct the assembly of dendrimers
through surface hydrophobic modification. The aggregation
directionality is also controlled actively by the ionic
concentration, which subdivides the dendrimer’s surface into
hydrophobic and hydrophilic domains leading to preferential
directions of aggregation. Self-assembly and aggregation
directionality are both governed exclusively by ions, making
this nanofiber formation mechanism a real “ion-selective”
process. As a consequence, we have also demonstrated that
fiber disassembly can be easily triggered via ionic competition
by using simple NaCl salt.

This study reports a general principle according to which it is
possible to use determined ions to trigger and control the
directional assembly of a variety of dendritic structures of which
the surface is decorated by amino groups possessing lone pairs
(NH,; in practice, the majority of the most common cationic
dendrimers). These results can have a consistent impact on
different fields of nanotechnology, opening new routes for the
development of a novel family of facile and more “sustainable”
functional materials for technological applications. In fact, since
the particular transition metal (Cd?*) is demonstrated not to
play a major role in the fiber formation process, the cadmium-
based precursor could be in principle replaced; future efforts
will be addressed to test different cadmium-free derivatives with
similar characteristics (e.g,, Fe(CH;COO),, etc.). At the same
time, the possibility to disassemble such functional fibers
through simple and easy ionic competition using cheap NaCl
salt suggests intriguing perspectives for the development of new
technological nanomaterials with low environmental impact.

B ASSOCIATED CONTENT

© Supporting Information

Detailed information about the computational methods, the
creation and parametrization of the molecular systems
simulated in this work, energetic and structural analysis and
structural data (RDF plots, averaged distances, etc.), additional
AFM and TEM images, and a movie (AVI format) of the MD
simulation of the dendrimer aggregation. This material is
available free of charge via the Internet at http://pubs.acs.org.
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