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Metallic nanoparticles are of interest in various scientific fields, e.g. optics, IR and Raman 
microscopy or for use in optoelectronical devices [1]. The synthesis of gold and silver 
nanoparticles in aqueous and aqueous micellar solution is a common technique. In this case a 
seeding growth method has been used to prepare gold nanocrystals of controllable size and 
shape [2]. This seeding growth method is also suitable for other noble metals, e.g. silver 
nanorods and nanowires [3] or platinum nanoparticles. Major advantages of this technique are 
simplicity and low instrumental prerequisites. 
 
Example: Gold Nanorods 
The seed solution was prepared by adding 0,6mL freshly prepared ice-cold aqueous 0,1M 
NaBH4-solution to 20mL aqueous 2,5×10-4M tetrachloroaurate/2,5×10-4M sodium citrate 
solution. The color changed immediately to a reddish brown, indicating particle formation. 
An aqueous solution of 2,5×10-4M tetrachloroauric acid and 0,1m CTAB 
(cetyltrimethylammoniumbromide) was prepared in a conical flask, further called “growth 
solution”. 50µL freshly prepared aqueous 0,1M ascorbic acid solution was added to the 
growth solution. The solution was stirred, then 25µL seed solution was added. After gently 
shaking the flask, the reaction solution was let undisturbed, allowing the rods to grow. After 
several minutes the color of the solution slowly changed to pink, indicating particle growth. 
All reactions were performed at room temperature. 
After a reaction time of 3 hours the reaction solution was cleaned from the bulk of surfactant 
by centrifugating the solution at 5000 rpm, removing the supernatant and filling up the residue 
with distilled water. This procedure was repeated three times, whereas in the last step the 
residue was filled up with ethanol. TEM Samples were prepared by treating the solution in an 
ultrasonic bath and putting some drops of the solution on a coated copper mesh grid.  
 
TEM and HRTEM images were obtained using a Philips EM420 and a FEI Tecnai F20. 
Fig. 1 shows representative overviews of the obtained nanocrystals. Several other crystal 
forms such as hexagonal plates were also present in the specimen, but the majority of the 
nanocrystals are small spheres and rods. It is interesting that the nanorods and –spheres are of 
very uniform size. The gold crystals seem to grow in the surfactant micelles present in the 
reaction solution and are obviously not able to grow beyond a certain size. 
Average particle size of the nanorods is 190±20nm length and 13,5±0,2nm diameter. The 
resulting aspect ratio therefore ranges from 12 to 16. 
A HRTEM image of a spheroidal gold nanocrystal is shown in Fig.2. It can be clearly seen 
that the crystal is twinned several times, resulting in a sphere-like crystal. This special particle 
seems to be a seed. However the average particle size of the “nanospheres” was found to be 
29±2nm. 
HRTEM images of gold nanorods are shown in Fig. 3. The rod is orientated along the [110] 
zone axis.  
Preferred growth direction is also the [110] crystallographic zone axis. 
The images show that there are stacking faults along the growth axis and, in addition, at least 
one twin plane in the center of the nanorod. This crystal defects are probably the main reason 
for the formation of nanorods.  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: TEM bright field images of gold 
nano      nanocrystals  

 
Fig. 2: HRTEM image of a small 
spheroidal gold nanocrystal (probably a seed particle) 
Multiple twinning results in  
sphere-like nanocrystals. 
 
 
 
 

 
 
 
 
 
 

Fig. 3: HRTEM images of a 
gold nanorod. The images  
show that twinning and  
stacking faults along the 
growth axis are probably 
essential for the growth of  
gold nanorods of this 
particular shape.  
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