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Background: The synthesis of anisotropic silver nanoparticles is a time-consuming process and 

involves the use of expensive toxic chemicals and specialized laboratory equipment. The presence 

of toxic chemicals in the prepared anisotropic silver nanostructures hindered their medical 

application. The authors have developed a fast and inexpensive method for the synthesis of three-

dimensional hollow flower-like silver nanostructures without the use of toxic chemicals.

Methods: In this method, silver nitrate was reduced using dextrose in presence of trisodium 

citrate as a capping agent. Sodium hydroxide was added to enhance reduction efficacy of 

dextrose and reduce time of synthesis. The effects of all four agents on the shape and size of 

silver nanostructures were investigated.

Results: Robust hollow flower-like silver nanostructures were successfully synthesized and 

ranged in size from 0.2 µm to 5.0 µm with surface area between 25–240 m2/g. Changing the 

concentration of silver nitrate, dextrose, sodium hydroxide, and trisodium citrate affected the 

size and shape of the synthesized structures, while changing temperature had no effect.

Conclusion: The proposed method is simple, safe, and allows controlled synthesis of anisotropic 

silver nanostructures, which may represent promising tools as effective antimicrobial agents 

and for in vitro diagnostics. The synthesized hollow nanostructures may be used for enhanced 

drug encapsulation and sustained release.
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Introduction
Silver nanoparticles have unique optophysical properties1 and have been used as 

catalysts and antimicrobial, antiseptic, and imaging agents.2–6 Applications of nano-

structures depend on their size and shape.6 Development of new methods for synthesis 

of nanostructures that allow control of size and shape are necessary to generate new 

nanostructures that can be employed in various applications. Hollow nanostructures 

were used to encapsulate and control release of drugs,7,8 cosmetics, and nucleic 

acids,9 and have enhanced catalytic properties owing to their large surface area.10,11 

Self-assembly of anisotropic silver nanostructures has been used for synthesis of 

biomaterials and semiconductor copolymers; however, controlling shape and size of 

such structures is still a challenge.12–14

There are several methods for fabrication of silver nanostructures with different shapes 

such as nanowires,15 nanorods,16,17 and nanotubes.15 However, these methods employ 

polymers (such as polyvinyl pyrrolidone or polyethylene glycol), toxic surfactants (such 

as cetyltrimethylammonium bromide, benzyldodecyldimethylammonium chloride), 

and reducing agents (such as sodium borohydride).17–19 Therefore, there is a need to 
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develop new methods for safe and inexpensive synthesis of 

anisotropic silver nanostructures.

The authors have developed a fast, inexpensive, and safe 

method for the synthesis of three-dimensional (3D) hollow 

flower-like silver nanostructures which may be useful in 

medical applications. The synthesized hollow structures with 

higher pore areas may have enhanced drug encapsulation 

capacity and can be used for sustained release of drugs. The 

method employs nontoxic degradable chemicals and allows 

control of size and shape of the synthesized structures.

Materials and methods
Materials
Silver nitrate (AgNO

3
), trisodium citrate (TSC), dextrose, and 

sodium hydroxide (NaOH) were purchased from Sigma-Aldrich 

Chemie GmbH (Munich, Germany). Hydrogen chloride and 

nitric acid were purchased from El-Gomhouria Co, (Cairo, 

Egypt). Double deionized water (DDI) was prepared using a 

Milli-Q™ system (Direct-Q 3, Model ZRQS0P0WW, Millipore 

Corporation, Billerica, MA) with a resistivity of 18 MΩcm.

Synthesis of 3D hollow silver flower-like 
nanostructures
The hollow flower-like structures were synthesized by the 

chemical reduction of AgNO
3
 in aqueous solution. Briefly, a 

round-bottom flask was cleaned thoroughly with aqua regia 

(3:1  hydrogen chloride:nitric acid) then rinsed with DDI 

water. AgNO
3
 (2–8  µM) was added to 3–9  mM dextrose 

solution and dissolved in water at room temperature. NaOH 

(0.01  mM) was added during stirring. The solution color 

changed from colorless to deep green, brown, yellow, or gray 

depending on the amount of AgNO
3
, dextrose, NaOH, and 

TSC (1–6 mM). Following color change, the solution was 

stirred for an additional 5 minutes, centrifuged, and washed 

three times with DDI water to remove excess dextrose.

Characterization of silver nanostructures
Scanning electron microscope
The size and morphology of the synthesized silver nanostruc-

tures were studied using scanning electron microscope (LEO 

SUPRA® 55; Carl Zeiss AG, Oberkochen, Germany). The 

samples were mounted on a silicon slide and left 2 hours to dry 

before imaging without sputter coating; particle size was reported 

as the mean diameter of randomly selected structures.

Spectrophotometry
The samples of the prepared silver nanostructures were 

diluted to 1/10  times in DDI water, and λ max measured 

using LAMBDA 950  spectrophotometer (PerkinElmer, 

Waltham, MA).

Nitrogen isothermal adsorption
Nitrogen isothermal adsorption was measured at 77  K 

on an ASAP® 2010 porosimeter (Micromeritics Instru-

ment Corporation, Norcross, GA). The surface area was 

estimated by using the Brunauer–Emmett–Teller equation 

to measure surface area. The pore size, volume, and area 

distribution were calculated using the Barrett–Joyner–

Halenda equation.

Atomic force microscope
The 3D morphology, surface area, and roughness of the pre-

pared silver anisotropic nanostructures were studied using 

atomic force microscope (VEECO Dimension 3100 Scanning 

Probe Microscope, Veeco Instruments, Inc, Plainview, NY). 

The samples were mounted on a silicon slide and left 2 hours 

to dry before imaging.

Results and discussion
The size and shape of the synthesized silver nanostructures 

were studied using scanning electron microscopy and particle 

size was reported as mean diameter of randomly selected 

structures, as shown in Figures  1 and 2. Figure  1 (A–I) 

presents micrographs of samples prepared using varying 

concentrations of AgNO
3
, dextrose, and NaOH. Figure 1 

(A–C) presents 3D hollow silver nanostructures synthesized 

using different concentrations of AgNO
3
 ranging between 

2–8 µM. The particles have a 3D hollow flower-like shape, 

with branched edges and highly rough surface and particle 

size ranging between 0.2–0.5 µm with interconnected pores 

in the range of 50–200  nm diameters (Figure  3). Pore 

interconnection, distribution, roughness, and branched edges 

increased with increasing AgNO
3
 concentration.

Figure 1 (D–F) presents samples prepared with varying 

concentrations of dextrose ranging between 3–9 mM. The 

particles have a 3D hollow flower-like shape with more 

branched edges, highly rough surface, and more multilay-

ers and interconnected channels with ordered cross layers. 

Particle size ranged between 0.3–1.0 µm (Figure 3). Particles 

had distributed internal pores in the range of 20–80  nm. 

Layer distribution, order, and interconnection increased 

with increasing dextrose concentration while branched edges 

decreased with increasing dextrose.

Figure  1 (G–I) presents samples prepared by varying 

NaOH concentration ranging between 0.1–0.5 mM. Particles 

have a 3D hollow flower shape with highly branched edges, 
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highly rough surface, and elongated multilayers. Particle size 

ranged between 0.2–1.6 µm (Figure 3) with distributed pores 

in the range of 50–100 nm. The layers, pores, interconnec-

tion, and branched edges increased with increasing NaOH 

concentration.

Figure 2 (J–M) presents samples prepared with varying 

concentrations of TSC ranging between 1–6 mM. Particles 

have a flower-like shape with size between 0.45–2.3  µm 

(Figure  3). Increasing TSC concentration above 6  mM 

resulted in large multiwall hollow scaffold-like structures that 

ranged in size between 3.0–5.0 µm (Figure 3).

Experiments were repeated several times and reproducible 

results were obtained indicating the ability to synthesize 3D 

hollow flower-like silver nanostructures with the ability to 

control their sizes and shapes by varying the concentrations 

of the four chemicals discussed above.

It should be noted that carrying out the syntheses at 

different temperatures, between 25°C and 70°C, alone or 

in combination with varying concentrations of different 

chemicals had no effect on particle size or shape.

The ultraviolet-visible spectra (Figure 4A) of samples pre-

pared with varying concentrations of AgNO
3
 (Figure 1A–C) 

A
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100 nm

100 nm 100 nm

300 nm

1 µm

1 µm

B C

D E F

G H I

Figure 1 Scanning electron microscopy of flower-like silver nanostructures. Structures prepared by varying concentrations of different reagents. (A–C): silver nitrate 
2–8 µM, dextrose 3 mM, and sodium hydroxide 0.1 mM; (D–F): silver nitrate 2 µM, dextrose 3–9 mM, and sodium hydroxide 0.1 mM; (G–I) silver nitrate 2 µM, dextrose 
3 mM, and sodium hydroxide 0.1–0.5 mM.
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Figure 2 Scanning electron microscopy of flower-like silver nanostructures. (J–M) represent structures prepared by using silver nitrate 2 µM, dextrose 3 mM, sodium 
hydroxide 0.1 mM, and trisodium citrate 1–6 mM.
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Figure 3 Particle size distributions using various concentrations of silver nitrate (A), dextrose (B), sodium hydroxide (C), or trisodium citrate (D). 
Abbreviations: AgNO3, silver nitrate; NaOH, sodium hydroxide; TSC, trisodium citrate.
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showed absorption maxima between 410–450 nm. Samples 

prepared with varying dextrose concentration showed 

absorbance bands at 430  nm, 450  nm, and 450–500  nm 

(Figure 4B). Figure 4C shows absorption spectra of samples 

prepared with varying NaOH concentrations where absorp-

tion maxima were detected between 410–600 nm. Figure 4D 

shows spectra of samples prepared with varying concentra-

tions of TSC where two absorption bands were detected at 

280–300 nm and 500–525 nm. Increasing concentrations of 

AgNO
3
, dextrose, NaOH, or TSC resulted in increased size 

of silver nanostructures, which was reflected by the shift of 

absorbance bands to longer wavelength.

Silver nanostructures were investigated by atomic force 

microscopy where surface area, roughness, and surface area 

diffraction were 49.37 nm2, 33.5 nm, and 14.6%, respectively 

(Figure 5). Atomic force microscopy studies confirmed the 

3D structures of the silver particles.

Figure 6 (A–D) shows the surface area, pore size, pore 

area, and pore area relative to varying concentrations of 

dextrose. Porosimetry studies indicated that the surface area 

of 3D hollow flower-like nanostructures is high (25–240 m2/g) 

due to the presence of interconnected pores. The pore area 

increased with increased dextrose concentration.

Conclusion
The dextrose acted as a reducing agent of AgNO

3
 and as 

a preliminary capping material. TSC acted as a capping 

material and together with dextrose enhanced silver 

dispersion and directed growth of particles to highly 

anisotropic structures. Growth of particles depended 

upon concentrations of dextrose and TSC adsorbed on the 

surface of silver particles. NaOH augmented reduction and 

supported growth of nanoparticles to 3D hollow flower-like 

structures.

The uniformity of size and shape of the 3D hollow flower-

like silver nanostructures can be controlled by manipulating 

AgNO
3
, dextrose, NaOH, and/or TSC concentrations. The 

smallest flower-like nanostructures (up to 200  nm) were 

prepared by using 2  µM AgNO
3
, 3  mM dextrose, and 

0.01 mM NaOH. Porosimetry analysis showed 3D hollow 

nanostructures with high surface area ranging between 

25–240  nm2/g and pore area increased with increasing 

dextrose concentration. Atomic force microscopy studies 

indicated that the prepared particles have 3D structures with 

surface roughness of 33.5 nm and surface area diffraction 

of 14.6%. Because of their unique properties and ease of 

preparation, the prepared structures may serve as superior 
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Figure 4 Ultraviolet absorbance spectra of flower-like silver nanostructures prepared using varying concentrations of silver nitrate (A), dextrose (B), sodium hydroxide 
(C), or trisodium citrate (D).
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pressure; (B) surface area calculated by plotting pore diameter against differential surface area; (C) pore area calculated by Barrett–Joyner–Halenda adsorption model and 
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Figure 5 Atomic force microscopy analysis of silver nanostructures. Sample prepared by reacting silver nitrate 2 µM, dextrose 3 mM, and sodium hydroxide 0.1 mM. Surface 
area, roughness, and surface area diffraction were 49.37 nm2, 33.5 nm, and 14.6%, respectively.

vehicles for long-term release of drugs and effective 

antimicrobial agents and also hold the promise as effective 

tools for catalysis.

The use of nanoparticles as drug carriers is limited by 

the toxicity of used reagents, the limited control of pore size 

and area, and the cost of particle synthesis.20,21 The newly 

developed method allows effective control of structure 

porosity, employs environmental friendly reagents, and 

is fast and inexpensive. Therefore, the synthesized aniso-

tropic structures could open new frontiers as efficient and 
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safe drug carriers. As compared to spherical or nonporous 

nanoparticles, porous drug carriers with pore size in the range 

of 5–100 nm provide a larger surface area and improve drug 

dissolution and encapsulation efficacy.22,23 Noteworthy is 

the fact that porous nanostructures have allowed the encap-

sulation of large amounts of biomolecules such as peptides 

and nucleic acids within a relatively small carrier material 

mass. The new silver flower-like silver nanostructures have 

interconnected pores and pore size of 50–200  nm. Their 

enhanced porosity is predicted to allow improved drug 

encapsulation and loading capacity and allow their use for 

sustained drug release.

The antimicrobial effects of silver particles have been 

correlated to their large surface area which enhances their 

interaction with microorganisms as well as their stability in 

bacterial growth medium. Additionally, silver nanoparticles 

with different shapes have been shown to have different 

effects on bacteria. For spherical nanoparticles, a total silver 

content of 12.5 µg was needed to show bacterial inhibition, 

whereas rod-shaped particles needed a total of 50–100 µg 

of silver content to show a similar effect.24 The new silver 

nanostructures have very large surface areas and were stable 

in solution up to 1 month after synthesis, and thus are pre-

dicted to have enhanced antibacterial effect. The antibacte-

rial effect of the synthesized flower-like nanostructures will 

be investigated.

Silver nanoparticles exhibit enhanced absorbance and 

scattering properties. These properties are dependent on 

particle shape and size and have been utilized for clini-

cal diagnostics. Zhou et al used triangular silver nano-

particle arrays for spectroscopic detection of p53, a 

marker of neck squamous cell carcinoma, in serum.25 

Also, Shanmukh et al developed a spectroscopic assay, 

based on surface enhanced Raman scattering, using sil-

ver nanorod arrays for detection and characterization of 

respiratory viruses.26 Therefore, silver flower-like struc-

tures with their unique shape and controlled size warrant 

further investigation for potential utilization in clinical 

diagnostics.
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