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present ribbon-like shape with the width 20―45 nm. 
The contrast in the overlap region of the gold nanorib-
bons clearly indicates the extremely thin thickness of the 
gold nanostructures (Figure 1(b))[6]. The inset of Figure 
1(a) is the electron diffraction pattern from a single gold 
nanoribbon. The hexagonal symmetry of diffraction 
spots is a clear indication that the ribbon-like faces are 
bound mainly by {111} planes. And the presence of the 
relatively weak 1/3{422} diffraction spots, which should 
be forbidden for perfect face-centered cubic (fcc) struc-
ture, can be attributed to different factors, such as the 
presence of atomically flat surfaces[11], surface recon-
structions, twin planes and stacking faults parallel to the 
flat facets associated with dynamical effects of electron 
diffraction[12,13]. The high-resolution TEM (HRTEM) 
image of a typical nanoribbon is consistent with the re-
sult of the electron diffraction, showing a highly crystal-
line structure with the fringe spacing measured to be 
0.24 nm (Figure 1(c)), which agrees with the 3×{422} 
superlattice spacing of gold crystal[14]. The X-ray dif-
fraction (XRD) pattern for the sample exhibits reflec-
tions characteristic of fcc gold (JCPDS No. 04-0784), 
revealing that the products are composed of gold (Figure 
1(d)). 

In this synthesis, gold nanoribbons are formed spon- 

taneously and no additional reductant, ultraviolet irradi-
ation, or electrochemical method is required. That is, 
Cys can not only be used as reducing agent[15], but also 
show a special shape control over the crystal growth, 
implying that the biologically related small molecules 
may have a profound influence on the gold crystal 
growth[9,10]. To gain insight into the kinetics of forma- 
tion of the gold nanoribbons in this experiment, nano-
particles at the intermediate stages of the growth process 
are characterized by TEM and UV-vis spectros- copy. 
Figure 2 show the TEM images and UV-vis ab- sorption 
spectra of samples taken from the reaction mixture at 
different stages. It can be seen that when ag- ing for 2 h, 
many small nanoparticles with the diameter of ~3 nm 
are observed to assemble into chain-like struc- tures 
(Figure 2(a)). With the aging time prolonged to 6 h, rib-
bon-like shape appears in some regions of the chain-like 
assembly (Figure 2(b)). This is corresponding to a weak 
and broad absorption peak at about 550 nm in the 
UV-vis spectrum (Figure 2(c)). With the reaction pro-
ceeding, the intensity of the UV-vis absorption gradually 
increases. After 48 h, we find that a certain amount of 
AuCl4

- still remains in the reaction solution through a 
colorimetric method using HBr acid (Figure 3)[16]. 
However, when the initial concentration of Cys in  

 

 
Figure 1  TEM images of gold nanoribbons with (a) lower and (b) higher magnification, (c) HRTEM image, (d) XRD pattern. The inset of (a) 
shows the corresponding SAED pattern. 
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Figure 2  Typical TEM images of the intermediates after aging for (a) 2 h and (b) 6 h. The inset in (a) is the higher magnification. The arrows 
in (b) mark the ribbon-like shape in the chain-like assembly. (c) Time evolution of UV-vis spectra indicating the continuous formation of gold 
nanoribbons. 
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