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Silver flower-like complex polycrystalline
microarchitectures were synthesized in the presence of
sodium alginate, facilitated by oriental adherence of
polysaccharide  under natural light. These 3D
microarchitectures displayed unique SPR absorption, as
well as the significant Raman scattering activity.

Self-organization of complex structures from colloidal particles is
a significant synthetic method to obtain multi-functional materials.%2
Ag dendritic or flower-like microstructures, known as one
intensively studied category of such complex structures, have
attracted great attentions due to their distinct features.>° Moreover,
most of these specific microstructures formation usually obeys the
underlying principle of diffusion-limited aggregation (DLA) process
or oriented attachment.>”’ Recently, biomolecules were utilized to
induce self-organization of metal particles. Biotin was reported to
apply on synthesis of fiber-like microstructures from Ag spherical
particles, owing to its tunable weak interactions with silver ions.®
Similarly, salep, another common biomolecule, could also contribute
to Ag flower-like microarchitectures assembly from wedge-like
particles under sunlight irradiation.®> Such exciting achievements
inspired us to develop Ag complex architectures using biomolecules
and energy-saving natural light for potential biomedical purposes.
Here we reported a new biomolecule-assisted approach to
induce organization of Ag complex microarchitectures. Sodium
alginate (SA), a biocompatible natural polysaccharide, which has
active metal-binding sites arising from carboxylate groups,® was
mixed with AgNOs;. The mixture was then irradiated with natural
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light for 1 h (400 - 700 lux horizontal illuminance). The color of the
solution was changed from initial colorless to crimson appearance
(see ESI, T Fig. S1). This solution was directly dropped on TEM grid,
and the typical flower-like particles with ca. 3.8 um of cores was

observed (Fig. 1a). Branches, forming the corona of
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Fig. 1 TEM (a, b), HRTEM (c, d) and SEM (a inset) images of flower-like
complex microarchitectures. e, XRD patterns of different particles. SA, 0.5 %;
AgNO;s, 0.1 %; Natural light irradiation, 1h.

microarchitectures, are 240 nm in the mean diameter, and 4.3 um in
length, respectively. The core-corona structure is similar to the
schematic illustration of self-assembled polymeric micelles.’ Close
inspection of individual complex architecture (Fig. 1b) revealed that
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it consisted of plate-like particles, which were ca. 460 nm in length
and ca. 70 nm in thickness, respectively. More interesting, it is clear
that part of plates were perpendicular to the substrate, which is in
agreement with SEM images (Fig. 1a inset, also see ESI,t Fig. S2).
The 3D structure arising from upright plates offers a distinct

advantage for SERS detection due to the enhanced active surface for

absorbing more molecules than flat counterparts.'* On the other hand,

it seemed that these nanoplates were adhered to each other via plate
by plate orderly as indicated by arrows in Fig. 1b. However, the

complex microarchitectures were destroyed after treating as-

synthesized solution by centrifugation. Instead of complex structures,

independent plate-like particles were obtained and the mean size was
comparable before and after separation (see ESI,t Fig. S3a).
Therefore, considering the low stability, the formation of such
complex structure, is likely weak interaction driven nanoplates
organization than traditional crystal growth of dendrites.®

Actually, high-resolution TEM images (Fig. 1c and d) showed
that the complex architectures were composed of AgCIl and Ag. The
lattice spacing of 0.280 is indexed to (200) plane of AgCl, however,
the measured lattice spacing of 0.235 nm and 0.200 nm corresponds
to (111) and (200) planes of face-centered cubic (FCC) Ag,
respectively. Since the lattice orientation was obvious difference
between Ag and AgCI block, the branches of microarchitecture must
not be epitaxial growth from the stem.> " % The polycrystalline
structure of architectures was further confirmed by the
corresponding selected area electron diffraction pattern (see ESI,t
Fig. S3b), which is in accordance with TEM and HRTEM analysis
(Fig. 1b-d). The appearance of AgCl was also confirmed by XRD.
As shown in Fig. 1e, besides the typical peaks of cubic metal silver
(JCPDF No. 04-0783)% 7, the diffraction peak located at 32.2° was
assigned to (200) crystal plane of AgCl (JCPDF No. 31-1238).121
After centrifugation, the diffraction peaks intensity of AgCl became
stronger, which could be ascribed to the removal of impurities
including NaAgO (JCPDF No. 01-077-1695) and AgCIO; (JCPDF
No. 01-075-0886) by washing.

Previously, most of the reported Ag flower-like structures were
attributed to DLA or oriented attachment, and few of them involved
CI"57 In our system, the residual Cl in commercially available SA of
ca. 2.5 g / kg was detected using ion chromatography. To verify the
role of ClI ions on the formation of these complex composite
microarchitectures, a control experiment was conducted using CI’
removed SA by dialysis. In comparison with the commercial SA, CI

removed SA led changes in both color (from colorless transparent to
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greenish-gray, see ESI,f Fig. S4) and time consumption (8 h).
Further TEM characterization showed that most of particles of ca. 23

nm are spherical in shape (F|g 2a). The diffraction peaks of XRD

i "
Fig. 2 TEM images of photosynthesized Ag nanoparticles employing different
polysaccharides (0.5 %). a, purified SA with CI" removal, 8h; b, chitosan, 1h; c,
SA, 30min. AgNO3, 0.1 %.

pattern of the spherical indexed to the

corresponding (111), (200), (220) and (311) crystal planes for FCC

particles could be

phase silver with negligible AgCl signals (Fig. 1e). > Previously, it
was proposed that Cl ions can not only guide anisotropic growth but
also perform shape transformation of silver nanoparticles.** *°
Moreover, AgCl could be photoconverted to functional silver
nanoparticles.’® Therefore, we consider that Cl ions, in the form of
AgCl, play a pivotal role to induce flower-like complex architectures
formation.

Besides CI', SA is likely to be another key factor affecting the
formation of complex architectures. Using other commercially
available natural polysaccharides including chitosan,
carboxymethylcellulose, soluble starch to replace SA in the system,
only dispersive particles were vyielded without any complex
assemblies (Fig. 2b, also see ESI,T Fig. S5). Moreover, we also
tracked the shape transition from spherical particles to nanoplates
when irradiated for 30 min. (Fig. 2c), indicated particles evolution

under natural light over time.
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Scheme 1 Photosynthesis of Ag complex microarchitectures through order

adherence of nanoplates using sodium alginate (SA) followed by self-
organization of branches. LWL, long-wavelength light.

Based on the above results, the formation mechanism of

complex microarchitectures was clarified in scheme 1. First, trace of
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Cl" reacted with Ag® to produce AgCl crystal nucleus, which
absorbed photons, released electron to reduce Ag*to Ag seeds. *>
Then, under irradiation with natural light, such Ag seeds continued
growth, and further converted into anisotropic nanoplates because of
the long-wavelength excitation effect.’’ The (111) plane of as-
converted AgCIl / Ag nanoplates was known to absorb SA. The
absorbed SA on (111) plane not only accelerated the growth of
nanoplates via chelating silver ions by carboxyl groups, but also
induced nanoplates adherence one by one erectly, which contributed
final complex architectures formation via branches self-organization.

Finally, the optical properties of as-synthesized complex
architectures were characterized for their potential biomedical
applications. As shown in Fig. 3a, the single UV absorption band of
spherical particles was located at ca. 410 nm, which is in agreement
with previous literature for Ag particles."”*® However, the spectrum
of flower-like architectures showed an additional absorption band at
ca. 969 nm compared to that of mixed particles after centrifugation,
which can be ascribed to the aggregation of metal particles.”” The
localized surface plasmon resonance adsorption in the NIR region
suggested that the complex architectures are likely to contribute

t.18 flower-like

Raman scattering enhancemen In fact, silver
architectures displayed significant Raman scattering activity in
comparison with quartz or silver nanospheres substrates using crystal
violet (2x10° M) as Raman tag (Fig. 3b). We considered that both
size and 3D geometry of flower-like complex particles played an
important role in the enhancement as the localized surface plasmon
coupling and the enhanced electromagnetic field intensity provided

useful features for SERS detection.® 17
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Fig. 3 a, Uv-vis spectra of flower-like microarchitectures, particles separated
from flower-like architectures by centrifugation and Ag nanospheres (from

top to down). b, Raman spectra of crystal violet (2x10° M) on different

substrates. 1, quartz; 2, silver nanospheres; 3, flower-like microarchitectures.

In summary, Ag flower-like complex polycrystalline

microarchitectures with distinct optical features were reported. The
CI" and SA served as unigue assistant reagents to induce plate-
by-plate adherence. This simple methodology could be

potential applied to other systems involved different
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RSC Advances

Also,

applications for biomedical detection and photocatalysis.

nanopaticles. the 3D microstructures have promising
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