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Abstract: An effective strategy for the controllable synthesis of single crystalline 

branched gold nanocrystals with three-dimensional hierarchical structure was realized 

via the reduction of tetrachloroaurate ions (AuCl4
−
) assisted by cationic surfactant                        

poly(diallyldimethylammonium) chloride (PDDA) in acidic aqueous solution. The 

as-prepared gold nanostructures consisting of main trunks and almost symmetrical 

side branches presented a [111] plane and grown along the <331> direction. The 

PDDA and weak reducing agent, ascorbic acid (AA), were indispensable for the 

formation of these unique gold nanocrystals. The effects of HAuCl4 (or PDDA) 

concentrations, pH values and reaction temperatures on the morphology of branched 

gold nanocrystals are discussed in our work. A possible three-staged formation 

mechanism of initial branched nucleation, subsequent branched nanostructures growth 

and the final morphology adjustment was proposed on the basis of different reaction 

times and the corresponding changes in surface plasmon absorption. It is expected 

that the specific branched gold nanocrystals may find potential applications such as in 

optoelectronics, surface enhanced Raman scattering (SERS) and surface plasmonics. 

  

1. Introduction 

 

Noble metal nanomaterials, especially gold nanostructures have been the subject of 

intensive research in recent years, owing to their unique physical and chemical 

properties and promising applications in catalysis, optoelectronics, sensors, 

biomedicine and imaging.
1-6 

Since their intrinsic properties and relevant applications 

are highly dependent on morphologies, such as shape and size, great efforts have been 

devoted to morphology-controlled synthesis of gold nanostructures.
7,8
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To date, various approaches have been reported for synthesizing gold nanocrystals 

with different morphologies, such as plates,
9
 rod-wires,

10 
cubes,

11
 polyhedra,

12
 

flowers
13 

and branched nanostructures.
14-17

 Among them, branched surpermolecular 

nanostructures attracted much attention with their unique morphology and properties. 

In general, they have long main trunks and side branches with sharp edges or tips, 

high surface areas, as well as nanoscale junctions.
18

 Additionally, the special 

anisotropic structures have presented obvious advantages than the common 

nanoparticles, plates, etc., in many practical applications. Such as in surface enhanced 

Raman scattering (SERS),
 19,20 

the branched gold nanostructures have stronger 

enhancement abilities than nanoparticles or nanospheres. 

Therefore, several synthetic approaches have been reported for generating branced 

or thorn gold nanostructures, including electrochemical,
21 

metal replacement,
22

 ionic 

liquid templating,
23

 and colloid chemical method.
16, 24-26

 In particular, the colloidal 

chemical method which is a versatile and effective tool for size- and shape-controlled 

synthesis of branched gold nanostructures has stimulated more interest and received 

some success in the past few years. For example, Huang and coworkers
25

 prepared 

planar branched gold nanostructures using the complexes of 

dodecyltrimethylammonium bromide and β-cyclodextrin. Similarly, symmetrical 

branched nanostructures were obtained in decane-1,10-bis(methylpyrrolidinium 

bromide) aqueous solution.
26

 In these synthesis, surfactants or addictives play an 

extremely important role by adsorbing on different crystallographic planes and 

changing the order of the surface free energies, and then directly influence their 

relative growth rates.
3 

Although more and more branched gold nanostructures were 

gradually realized by using specific surfactants and auxiliary conditions, there are rare 

reports on three-dimensional crystal growth to generate hierarchical branched 

architectures, especially for single-crystalline gold nanocrystals. 

 In this study, we would like to propose a new, facile and effective strategy for the 

controllable synthesis of single crystalline 3D branched gold nanocrystals with their 

trunks and side branches grown along <331> directions by the assistance of cationic 

surfactant PDDA
27,28

 in acidic aqueous solution. The effects of the experimental 

parameters on the morphology of branched gold nanocrystals have been discussed in 

some detail. The formation process and possible mechanism were investigated on the 

basis of reaction times and corresponding absorption spectra. Moreover, these unique 

branched nanostructures with sharp edges and tips possess attractive optical properties, 

promising their potential applications to optoelectronics, SERS and surface 

plasmonics. 

 

2. Experimental Section  

 

2.1  Chemicals 

Hydrochloroauric acid trihydrate (HAuCl4·3H2O, AR), ascorbic acid (AA, 

99.7% ), HCl (AR), NaOH (ACS, 97% flakes) were obtained from Aladdin Chemical 

Regent Co. Ltd (Shanghai, China). Poly(diallyldimethylammonium) chloride (PDDA, 
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MW=400000-500000 D, 20 wt% in H2O, ≥ 99%) were purchased from Sigma Aldrich. 

Other reagents were analytical grade and used without further purification. The 

twice-distilled water was used in all experiments.  

 

2.2  Synthesis of Branched Gold Nanocrystals    

 

 In a primary reaction, 0.4 mL portion of 25 mM HAuCl4 aqueous solution, 0.4 mL 

of PDDA and a given amount of 1 M HCl solution (from 0 to 0.8 mL) were added to   

7 mL of pure water in a glass flask. The mixture was stirred with a magnetic blender 

for 1-2 min at ambient temperature and subsequently heated at 95 
o
C in an oil bath. 

After 10 min, 2 mL aliquot of 50 mM AA aqueous solution was quickly injected. The 

color of the gold precursor changed immediately from bright yellowish to reddish 

brown, indicating the formation of Au nanocrystals. The final solution (pH=3) 

contains 1 mM, 50 mM, 20 mM, and 10 mM of [AuCl4
−
], PDDA, HCl, AA, 

respectively. This is later called the standard solution. The whole reaction process was 

left undisturbed for 30 min, then, the products were collected by centrifugation 

(12000 rpm, 30 min) and washed repeatedly with water and were resuspended in 

water or ethanol for characterizations. Further experiments, which were similar to 

those presented above, were performed under desired conditions. 

 

2.3  Characterization    

 

The products were characterized using X-ray diffraction (XRD, Rigaku 

D/max-2000 X-ray diffractometer equipped with Cu Kα radiation), field emission 

scanning electron microscopy (SEM, Hitachi S4800, 5.0 kV), transmission electron 

microscopy (TEM, FEI Tacnai-G2 F30, 300 kV) together with associated 

energy-dispersive X-ray (EDX) spectroscopy analysis, and UV-vis absorption 

measurement (TU-1901 dual beam UV-Vis spectrophotometer). 

Specially, the as-prepared sample was pipetted onto a Si wafer or a holey 

carbon-coated Cu grid for SEM, TEM respectively. Air-dried powder samples were 

prepared for XRD characterization. UV-vis absorption spectra were obtained by 

solution analysis in a 1-cm optical length quartz cell.  

 

3. Results and Discussion 

 

3.1  Structural Characterizaion 
 

Figure 1 presents the typical SEM and TEM images of branched gold nanocrystals 

obtained in the standard solution. As shown in Figure 1a, b, the products are 

three-dimensional flowerlike nanocrystals with size of ~2 µm, and mainly consisted 

of aggregated branched structures. The enlarged images (Figure 1c, d) suggest that 

each nanocrystal presents a hierarchical architecture, which has several main trunks 

and many side branches reaching in different directions. Clearly, all the trunks 
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growing from central point and the branches are approximately symmetrical with 

certain angles, implying that these branched nanocrystals might grow radially from 

central particles.
25

 The XRD patterns (shown in Figure 2d) which exhibit sharp 

diffraction peaks corresponding to the {111}, {200}, {220}, {311} and {222} planes 

(Joint Committee on Powder Diffraction Standards (JCPDS) No. 04−0784), indicating 

that the branched gold nanocrystals are pure face-centered cubic (fcc) Au crystals.  

The crystal orientation and growth direction of the branched gold nanocrystals 

were studied by low- and high resolution transmission electron microscopy (HRTEM). 

Fig 2a shows a typical branched structure magnifying image of gold nanocrystals and 

the inset shows the corresponding selected area electron diffraction (SAED) pattern. 

The angles between main trunks and side branches are ∼68° which are similar to the 

previous report.
23

 In the SAED pattern, the spots with hexagonal symmetry were 

indexed to the [1�10] zone axis of cubic gold, which revealed that each branch was a 

single crystal with (111) lattice planes as the top surface. The 68° is identical to the 

theoretical angle between two equivalent <331> directions of cubic gold in the (1�10) 

projection plane. The HRTEM image of the trunk tip from a single gold branch 

(shown in Figure 2c) presents clear lattice fringes with d spacing of 0.236 nm, which 

confirm that the obtained branches of gold nanocrystals are single crystals with a (111) 

plane and grown along the <331> direction. To our knowledge, such particular crystal 

growth has not been reported for gold so far. In addition, the associated EDX 

spectrum presented in Figure 2b shows only the Au signals except the Cu signals 

arising from the carbon-coated Cu grid used during the HRTEM analysis, confirming 

the formation of pure Au crystals.  
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Figure 1. SEM (a, c) and TEM (b, d) images of branched gold nanocrystals obtained 

in the standard solution, that is, 10 mL mixture solution which contains 0.4 mL 

HAuCl4 (25 mM), 0.4 mL PDDA, 0.2 mL HCl (1 M), 2 mL AA (50 mM) and 7 mL 

pure water. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. (a) A typical branched structure magnifying image of gold nanocrystals (the 

inset shows the corresponding SAED pattern). (b) EDX spectrum. (c) HRTEM image 

of the area marked in (a). (d) XRD pattern of the as-synthesized branched gold 

nanocrystals obtained under typical conditions. 

 

3.2 Effects of the Concentrations of HAuCl4 and PDDA ([AuCl4
−
], [PDDA]) 

 

While we have shown SEM and TEM images of branched gold nanocrystals 

prepared in optimal conditions (i.e., in the standard solution), the formed nanoshapes 

were very sensitive to the concentrations of HAuCl4 and PDDA. To produce the 

typical branched gold nanocrystals, the optimum ratio between HAuCl4 and PDDA is 

1:50. However, appropriate concentrations of HAuCl4 and PDDA were also necessary, 

higher or lower were both undesirable for the controllable synthesis of ideal branched 

nanocrystals. A comparative study was firstly conducted by changing the 

concentrations of HAuCl4, while the other conditions were kept constant. As shown in 

Figure 3a, monodispersed polyhedral nanoparticles with size range from 200 to 300 

nm were formed when [AuCl4
−
] was very low (0.25 mM). When [AuCl4

−
] was 
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increased to 0.5 mM, branched nanoparticles of 250−400 nm (Figure 3b) were formed. 

Typical well-defined branched nanocrystals were obtained (seen Figure 1) when 

further adjusting of [AuCl4
−
] to 1mM. Upon continuous increase of [AuCl4

−
] to 2 mM 

and 3mM, typical branched nanocrystals couldn’t be formed, except for some 

dispersed and disordered nanobranches (Figure 3c, 3d). From this, we deduce that as 

the source of gold atoms, a lower concentration of HAuCl4 provides less Au
3+ 

in the 

reaction system and thus insufficient to the formation of ideal branched 

nanostructures. On the other hand, higher [AuCl4
−
] caused the excessive growth and 

disintegrated typical branched gold nanocrystals into disordered nanobranches. 

Furthermore, the influence of [PDDA] on the morphology of branched gold 

nanocrystals is conspicuous. Individually adjusted the [PDDA], we obtained some 

evolutions as follows. Firstly, when PDDA was absent, AuCl4
− 

ions were quickly 

reduced to Au atoms, which were then randomly aggregated to form gold 

nanoparticles with rough surfaces and irregular size distribution (Figure 4a). When 

[PDDA] was 25 mM, agglomerated nanocrystals (~1µm) without obvious branched 

structures were obtained (Figure 4b). When [PDDA] was increased to 100 mM, 

desired branched nanostructures (~3 µm) with more branches were formed (Figure 4c). 

If continuous increasing of [PDDA] to 200 mM, just small irregular nanocrystals (~1 

µm) were presented (Figure 4d), without typical branches appearing, which were 

similar to Figure 4b. This implies that PDDA serves as a strong shape controller to 

assist the formation of branched gold nanostructures. Meanwhile, A proper 

concentration is necessary, too low or too high are both unfavorable for typical 

branched nanocrystals growth. The detailed function mechanism will be discussed 

latter. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. SEM images of products synthesized at 95 
o
C for 30 min in a pure water 

solution containing 50 mM PDDA, 20 mM HCl, 10 mM AA and different 
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concentrations of HAuCl4: (a) 0.25, (b) 0.5, (c) 2 and (d) 3 mM. 

 

 

 

 

 

 

 

 

 

 

Figure 4. SEM images of products synthesized at 95 
o
C for 30 min in a pure water 

solution containing 1 mM HAuCl4, 20 mM HCl, 10 mM AA and different 

concentrations of PDDA: (a) 0, (b) 25, (c) 100 and (d) 200 mM. 

 

3.3  Effects of pH Value and Reaction Temperature 

 

We found that the size and shape of branched gold nanocrystals could be further 

adjusted through introduction of acidic or basic solutions to the initial gold precursor. 

In this way, various size and shape evolutions of branched gold nanocrystals were 

presented along with the different pH values of reaction system. Typical branched 

nanocrystals with average size of 500 nm (Figre 5a) , 1 µm (Figure 5b), 1.5 µm 

(Figure 5c), 2 µm (Figure 1) were obtained when the concentrations of HCl in the 

initial gold precursor were 0, 5, 10, 20mM, respectively (the corresponding pH values 

were 6, 5, 4, 3, respectively). Apparently, the sizes of branched gold nanocrystals 

were increased, the branches were gradually idealized with the increase of HCl 

concentration at this time. While, if continuous increasing the concentrations of HCl, 

an undesirable evolution tendency would be formed. The branches of gold 

nanocrystals disappeared, but instead, dense bulks with nanoparticles on the surface 

were formed (Figure 5d) when the HCl concentration was 40 mM (pH=2). 

Continuously increasing the concentration to 80 mM (pH=1), various irregular 

nanobulks with size of ~1 µm would be formed, no branched nanocrystals were 

obtained (Figure 5e). This reflects that the dimensions of branched gold nanocrystals 

can be tailored effectively when weak acidity were existing, which have been 

similarly demonstrated in the past research.
27

 Differently, high concentration of acid 
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(pH ≤2) would bring about the disorder (both sizes and shapes) of branched gold 

nanostructures.  

In contrast to the acidic solutions, the evolution could be caused by the addition of 

basic solutions. We found that a small addition of NaOH expedited the color change 

of the gold precursor solution and decreased the sizes of the final gold nanocrystals. 

For example, when 0.1 mL of 1 M NaOH was added to the precursor, the pH value of 

reaction system was 7, a wine red color was observed within several minutes. In this 

case, the majority of the final products were 300 nm gold nanospheres with smooth 

surface (Figure 5f). Larger nano-ellipsoids (~400 nm) with lots of nanoparticles (~20 

nm) absorbed on each surfaces were obtained when 30 mM of NaOH was introduced 

(Figure 5g), the corresponding pH=8. However, when we adjusted the concentration 

of NaOH to 0.1 M (pH=12), a dark red color was appeared, suggesting the rate of 

reduction was greatly enhanced. Then, irregular gold nanostructures were produced 

without clear shapes and sizes (Figure 5h). 

These above results suggest that acidity and basicity of reaction solutions can 

kinetically manipulate the reduction rate of gold ions, and this in turn affects the 

initial gold nucleation process, which is one of determining factors for the shape and 

size of the final products. We believe the oxidation of gold atoms
29

 occurred in our 

experiments, relatively weak acidity (pH from 3 to 6) could effectively decrease the 

oxidation rate of gold atoms and cause the size evolution of typical branched gold 

nanostructures. While highly acidity would inhibit the reduction of gold ions, the gold 

nanocrystals tend to a planar growth, then the final disordered gold nanostructures 

without typical branches were formed. On the contrary, neutral and basic conditions 

could enhance the reduction of gold ions. Hydrogen ions were consumed by hydroxyl 

ions and hence smaller gold nanocrystals were produced rapidly when introduction a 

small amount of NaOH. In addition, the irregular gold nanostructures under strong 

basicity were caused by the fast and disordered crystal growth of gold nucleis. 

Previous work on the morphology-controllable synthesis of gold nanocrystals 

revealed that an appropriate reaction temperature is essential to obtain the desired 

product because the reaction temperature greatly affects the reducing power of 

reductant and the diffusion constant of reaction system.
15, 30-32

 Experiments under 

different reaction temperatures were thus conducted in this study. Pure nanobranches 

were synthesized in the standard solution without heating process, the reaction 

temperature was room temperature, 26 
o
C (Figure 6a). These branched structures 

comprised main trunks and side branches were almost dispersive, no aggregation 

between them to form typical hierarchical architecture. In this case, low reaction 

temperature caused low reducing power of AA, insufficient gold nucleis existing in 

the reaction system, meanwhile, the diffusion rate of reduction small gold 

nanoparticles was too slow to ensure the radial growth of these nucleis. Hence, the 

initial gold nucleis tended to the formation of specific single nanobranches assisted by 

PDDA. When the temperature was increased to 60 
o
C, the main products were still 

nanobranches, exceptionally, hierarchical branched nanostructures with size of ~2 µm 

appeared. Thus, it can be deduced that higher reaction temperature increased the 

reducing power of AA so that abundant gold nucleis could be formed and then the 
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relatively higher diffusion constant would provide a possibility for the three- 

dimensional growth of these nucleis to form the desired branched gold nanostructures.  

In general, to obtain the typical branched gold nanocrystals, ensuring the  

sufficient reducing power of AA and higher diffusion constant of reaction system 

were preconditions, relatively slow nucleation and growth of gold nucleis were then 

indispensable. 
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Figure 5. SEM images of gold nanostructures grown at varying pHs: (a) pH=6, (b) 

pH=5, (c) pH=4, (d) pH=2, (e) pH=1, (f) pH=7, (g) pH=8, (h) pH=12. The 

corresponding  HCl concentrations (a) to (e) were 0, 5, 10, 40 and 80 mM. The 

corresponding NaOH concentrations (f) to (h) were 10, 30 and 100 mM. 

 

 

 

 

 

 

Figure 6. SEM images of products synthesized in the standard solution under 

different reaction temperatures: (a) T=26 
o
C, (b) T=60 

o
C 

 

 

3.4  Formation Mechanism 

 

The formation process is always a focus topic in research on anisotropic gold 

nanostructures. It has been reported that branched gold nanostructures could be 

obtained through a nonequilibrium kinetically controlled synthesis process when the 

driving force is large enough.
33

 The kinetic control can be realized by substantially 

slowing down the precursor decomposition or reduction process.
3
 Therefore, the 

formation of more complicated nanostructures requires a higher driving force, i.e., a 

lower reduction but higher diffusion constant of reaction system, which is in 

agreement with our earlier results. 

Products formed under different reaction times from 5 s to 2 h were collected to 

further understand the nucleation and growth process of the typical branched gold 

nanocrystals, as shown in Figure 7. We found that branched nanoparticles with size of 

550—650 nm were formed within 5 s after AA was added (Figure 7a). Actually these 

branched nanoparticles were the original of typical branched nanostructures, which 

were grown radially from central particles. However, there were only short main 

trunks in these branched nanostructures, hardly any side branches or leaves were 

gown out. These initial trunks were granular or rodlike with smooth surfaces. More 

side branches were appeared within 30 s (Figure 7b). The sizes (~1 µm) were 

increased and the branched tips were distinct. Further growth and aggregation made 

the incomplete branches into the organized assignment with large amount of leaves 

coupled (Figure 7c) within 1 min. Thus, the basic shapes of typical branched 

nanocrystals were formed. Panels d and e from Figure 7 shows the nanostructures 

obtained at 5 and 20 min, respectively. The hierarchical branched nanostructures with 

compact connectivity were gradually formed and the branches growth continued after 
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5 min passed. Ideal branched nanocrystals with clear trunks and leaves were obtained 

after 20 min. The almost symmetrical growth pattern, the size and the completeness of 

three-dimensional branched structures were both close to the latter typical branched 

nanocrystals which were obtained within 30 min (Figure 1). It means that the whole 

nucleation and growth of typical branched nanocrystals lasted for about 20 min. When 

the reaction was maintained for 2h, the typical structures of branched nanocrystals 

were stabilized. The whole nanocrystals were branchy and each branch has been 

fully-grown (Figure 7f). 

Such evolution in the branched gold nancrystals geometry was further confirmed 

from the corresponding absorption spectra in Figure 8. It was found that two principal 

surface plasmon resonance (SPR) absorption peaks characteristic of the short 

(transverse band, T-SPR) and long (longitudinal band, L-SPR) axes were normally 

exhibited to anisotropic gold nanostructures.
34

 In our results, the strong absorption at 

360−400 nm can be assigned to the T-SPR of each branched tip from gold 

nanocrystals. The weak band at 650−710 nm is a result of the L-SPR, which is due to 

the multiple coupling between neighboring main trunks and side branches. Apparently, 

both T-SPR and L-SPR spectra were red-shift and their intensity gradually increased 

when the reaction times was from 5 s to 20 min. This indicated that the nucleation and 

growth of branched nanocrystals were persistently occurring during this time. The 

size was gradually increasing in theory, which has been demonstrated in Figure 7. 

Elongating the reaction times to 30 min and 2 h, the absorption peaks were stabilized 

at 400 nm and 710 nm, the intensity were almost invariable. It suggested that the 

growth of gold nanostructures tended to be stabilized after 30 min reaction, which was 

consistent with the SEM observations. 

From the above results, we proposed the possible formation process of branched 

gold nanocrystals. First, surfactant PDDA is known to be a cationic polyelectrolyte 

and thus an initial strong electrostatic interaction between PDDA and AuCl4
−
 ions 

leads to the formation of stable ion pairs in the precursor complex. When the weak 

reducing agents, AA, were added, AuCl4
−
 were slowly released from the ion pairs and 

reduced to Au
0
. Then the Au

0
 would aggregate and form the initial Au nucleis, which 

were controlled through the selective adsorption of PDDA on the specific Au 

surfaces.
28

 These Au nucleis became the growth centers of branched nanocrystals in 

the subsequent crystal growth. Meanwhile, continuous reduction created small Au 

nanoparticles dissolved into the solution. The growth continued as these small 

particles diffused to and adsorbed on the Au nucleis. Thus, the initial branched 

nanoparticles were formed. In the second stage, excessive PDDA molecules and weak 

acidic conditions may provide a delicate balance between nucleation ratio and 

diffusion ratio for the nonequilibrium, favoring the kinetically controlled process of 

anisotropic growth. In this case, the specific absorption of PDDA on Au nucleis 

surfaces could also considerably contribute to the formation of the hierarchical 

branched gold nanocrystals with the top (111) surface. Specially, PDDA molecules 

preferentially absorbed on (111) planes of Au nuleis, and consequently the growth rate 

along the <111> direction was reduced while other directions, especially <331> 

direction was enhanced. Finally, with the sizes increasing to ~2 µm and the clear 
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symmetrical branches grown fully, our ideal typical branched gold nanostructures 

obtained. In this stage, the Ostwald ripening was considered to be the determing 

factor for adjusting the branched nanostructures. Because the adjustment was a slow 

thermodynamic process,
26

 which lasted for about 19 min. The harmonious growth 

between large trunks and small branches promoted the orderless branched gold 

nanostructures to turn into ideal morphology with desired shapes and uniform sizes . 

In short, we proposed three key factors for the formation: (i) the weak reducing agent 

(AA) provided a slow reducing rate for the nucleation; (ii) excessive PDDA molecules 

and relatively weak acidic conditions dominated the crystal growth in the 

nonequilibrium solutions; (iii) the later adjustment was a slow Ostwald ripening 

process dominated by thermodynamics.  

In addition, the as-prepared branched gold nanocrystals were very stable for 

months due to the electrostatic repulsion and steric stabilization provided by cationic 

surfactant PDDA. 
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Figure 7. SEM images of branched gold nanocrystals obtained in the standard 

solution under different reaction times: (a) 5 s, (b) 30 s, (c) 1 min, (d) 5 min, (e) 20 

min and (f) 2 h. 

 

 

 

 

 

 

 

 

 

 

Figure 8. UV-Vis absorption spectra of the standard solution recorded at several 

reaction times.  

 

 

4. Conclusions 

 

In summary, we report a facile approach for controllable synthesis of branched 

gold nanocrystals in acidic aqueous solution assisted by cationic surfactant PDDA. 

These branched gold nanocrystals (~2 µm) with a single crystalline, three-dimensional 

hierarchical structure were comprised of main trunks and almost symmetrical side 

branches. Radial growth from central particles was unique, which finally facilitated 

the branched gold nanocrystals to present a [111] top surface and grown along <331> 

direction. The effects of the experimental parameters on the morphology of gold 

nanocrystals have been discussed in some detail. Several major results are as follows: 

(1) a proper concentration, ratio between HAuCl4 and PDDA was found to be crucial 

for the formation of typical branched gold nanocrystals, since HAuCl4 was the source 

of gold atoms and PDDA acted as shape-directing agents by selectively absorption on 

the specific Au crystal surface; (2) the dimension of branched gold nanocrystals could 

be tailored by introducing a given amount of acidic and basic solution to the initial 

gold precursor; (3) to obtain the typical branched gold nanocrystals, ensuring the 

sufficient reducing power of weak reducing agent (AA) and higher diffusion constant 

of reaction system were preconditions, relatively slow nucleation and growth of gold 
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nucleis were then indispensable. 

A possible three-staged formation mechanism of initial branched nucleation, 

subsequent branched nanostructures growth and the final morphology adjustment was 

proposed on the basis of reaction times and corresponding absorption spectra. 

Additionaly, these unique anisotropic nanostructures with broad absorption range and 

their size-dependent red-shift suggest the potential optical, SERS and surface 

plasmonic, etc., applications of the obtained branched gold nanocrystals. Further 

study will focus on these potential applications. 
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