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Luminescent blinking of gold nanoparticles
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Abstract

Spin-coated gold colloids showed a time-dependent increase in emission upon illumination at 532 nm. The emission

originated from point-like locations and displayed blinking. The emission spectra of the individual spots and their

spatial location remained constant, which is distinct from recent reports on silver nanoparticles. These results suggest

the use of emission from gold clusters in nanophotonics devices and as luminescent probes with potential applications in

medical imaging.

� 2003 Elsevier B.V. All rights reserved.
1. Introduction

There is presently intense interest in the optical

properties of gold and silver colloids [1,2]. These

colloids display bright colors due to the so-called

plasmon absorption, which is in fact due to a

combination of absorption and scatter [3,4]. These

optical properties make metallic colloids poten-

tially useful in nanophotonic devices [5], as well as
in a wide variety of applications in biotechnology

[6–10]. Several recent publications have reported

emission from silver particles [11–14]. The silver

emission displayed the blinking properties char-

acteristic of single molecule fluorescence, with the
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additional property of different colors, with dif-
fering intensities and locations. The color of indi-

vidual foci changed with time, suggesting a time

and illumination dependent reorganization of the

silver nanoparticles and/or clusters.

We now report a similar behavior from suspen-

sions of gold colloids. Upon illumination there was

a rapid development of spatially localized spots

which emitted brightly and blinked. In contrast to
silver, the color and emission spectra of the blinking

spots remained the same with continuous illumi-

nation. These results suggest the use of gold colloid/

cluster emission in nanotechnology and for optical

probes in biotechnology and medical imaging.
2. Materials and methods

Suspensions of colloidal gold were obtained

from TedPello, Inc. The colloids had a nominal
ed.
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diameter of 50 nm, with a reported size distribution

<15%. These colloids were spin cast on a cleaned

microscope cover slips (Fisher Scientific). The cover

slips were initially cleaned by immersion in 30 % v/v

H2O2 and 70 % v/v H2SO4 for 48 h and then washed
Fig. 1. Apparatus for observation of gold emission.

Fig. 2. Absorption spectrum of gold colloids in suspension and deposi

The estimated size of the gold nanoparticles is about 50 nm.
in distilled water. Specifically, 50 ll of gold colloid

solution (undiluted) was dropped onto a glass mi-

croscope slide and spin coated at 3000 rpm for 30 s.

The resultant gold colloid film was then allowed to

dry in air for 2 min and then used.

The gold colloid-coated slides were examined
using the apparatus in Fig. 1. The samples

were illuminated with 0.5–25 kW/cm2 of 532 nm,

light from a solid-state NdYAG laser. This light

was incident on the back of a PlanNEofluor ob-

jective, either NA¼ 1.3� 100, or NA¼ 1.2� 40.

Emission was observed in the epifluorescence

mode using an Axiovert 135 TV Zeiss microscope.

The emission was isolated from Rayleigh and
Raman-shifted light by a combination of filters, a

laser line filter 532NB3, a dichoric filter 570 DLPP

and an emission filter 605DF50 (Omega Optical,

Inc). Images were acquired using a cooled 12-bit

high speed CCD camera, PxL37, Photometrics,

and stored on a PC using Vþþ software from

Digital Optics, Ltd., New Zealand.
3. Results

Fig. 2 shows the absorption spectrum of the

gold colloids on a glass slide (left) and a TEM
ted on a glass slide (left) and corresponding TEM image (right).



Fig. 3. Fluorescence image of gold colloids deposited on glass slide upon excitation of 532 nm, 5 kW/cm2. For this image a water-

immersion objective (40�, 1.2 NA) was used. The image was collected in a zoom time frame. Also shown is the fluorescence blinking

observed simultaneously for single particles A and B (right).

Fig. 4. Time-dependent fluorescence blinking observed from a

randomly selected single gold nanoparticle. The 532 nm illu-

mination intensity was 5 kW/cm2.
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image (right). The absorption spectrum of the
glass-bound colloids is broader and at longer

wavelengths than for the same colloids in suspen-

sion (top left). This shift is thought due to colloid

aggregation on the slides.

The spin coated gold colloids were observed

visually upon illumination at 532 nm. Within a few

seconds of illumination there was a rapid appear-

ance of highly emissive spots (Fig. 3). The number
of spots increased for about a second and then

remained constant. Most of the spots display

blinking which persisted during minutes of obser-

vation (Fig. 3). The spots did not appear to pho-

tobleach or change color.

We selected two spots for continuous observa-

tions (Fig. 3, left). The time-dependent emission

intensities for two representative spots are shown
in the traces on the right. The blinking behavior is

comparable to that found for single molecule

fluorescence, with the possibility of more than one

emissive foci in a given spot. Similar blinking be-

havior was seen for other selected spots (Fig. 4).

Fig. 5 shows the emission spectra of several

representative spots. Essentially the same emission

spectra were observed from each spot. The emis-
sion is broad but did not change shape with con-

tinued illumination. Interestingly however, the

emission intensities increased slowly for up to 5

min, after which time the emission intensity



Fig. 5. Emission spectra from the entire area (Fig. 3). Top:

Recorded from 0 to 5 min illumination. Bottom: Recorded

from 5 to 30 min illumination. The 532 nm illumination in-

tensity was 5 kW/cm2.
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appeared constant. The blinking sites may be

Raman-active, as is the case with silver particles

[15–17].
4. Conclusions

Gold nanoparticles and/or clusters display

emission and blinking, similar to that of silver

particles, although the emission spectrum of gold

remained constant with no shifts to different

wavelengths. We believe this behavior may be
useful for applications in nanotechnology. Further

investigations are underway.
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