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Abstract
We track the interaction of single molecules and nanoparticle hot spots by taking

single-molecule surface-enhanced Raman scattering (SM-SERS) intensity point-

spread images in parallel with SERS spectral data. Using a bi-analyte approach

and point spread function (PSF) fitting, we resolve multiple hot spots in a single

diffraction limited spot and identify analyte exchange in a single hot spot. We are

able to map the position of the multiple SERS centroid mean positions in relation

to the centroid associated with nanoparticle photoluminescence offering further

evidence of the presence of multiple hot spots.

Background
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SERS from a single molecule 

can be observed when the 

molecule is adsorbed on 

randomly assembled silver 

nanoparticle aggregates.

Aggregates are believed to produce large electromagnetic 

field enhancements in the junction region between 

adjacent nanoparticles.  These are known as “hot spots.”

Hot spots cannot be optically observed due to the 

diffraction limit of light which prevents resolution of objects 

smaller than ~λ/2.

Point spread function fitting
Fit the diffraction limited  emission spot to a 2-dimensional Gaussian.  

Solve for the centroid position (x0, y0).

σ = 3 nm
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Data analysis: super-resolution optical imaging of hot spots

above threshold: 

nanoparticle + SERS

below threshold: 

nanoparticle only

When the molecule “turns off” we 

continue to see a broad 

background contribution from the 

colloid.

The SM-SERS is imaged onto 

an EM CCD.
SERS centroid

Step two: Subtract the nanoparticle PSF from the 

SERS + nanoparticle PSF to fit the SERS centroid.

nanoparticle + 

SERS (raw)

nanoparticle 

alone (fit)

SERS (fit)

[nanoparticle + SERS (raw)] -

nanoparticle (fit) = SERS (“raw”)

Step one: Fit the centroid when only the 

nanoparticle is producing light.

Reconstructed image

The mean position of the 

nanoparticle luminescence 

(shown in black) is set at 

(0, 0).  The SERS centroid 

fits are shown in red. The 

center of mass of the two 

centroids do not overlap.

Results: Identifying multiple SERS hot spots

We create a position 

histogram, showing the 

frequency with which we 

fit a particular SERS 

centroid position.  The 

white „x‟ denotes the 

nanoparticle luminescence 

position at (0, 0).

Single SERS hot spots Multiple SERS hot spots

Bin size is 4.6 nm. 

Fluctuations in the frequency and intensity of the SERS

bands over time are consistent with (although not proof

of) single molecule behavior.
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1.33 N.A. oil 

immersion 

microscope 

objective

532 nm 

excitation, 

~0.66 kW cm-2

EM-CCD

spectrometer/CCD

50/50 beam splitter

500 nm

500 nm

SERS spectra are acquired in 

parallel with SERS images.

Future directions
Correlating our fitted SERS centroid data with SEM images of the

SERS active nanoparticles will be able to confirm multiple hot

spots.

50 nm

SM-SERS sample preparation:

2 mL silver colloid solution

100 µL 42 nM R6G/MeOH

100 µL 42 nM CV/MeOH

2 mL 33 mM NaCl

5 µL alignment spheres

Experimental

R6G – CV analyte exchange in 

“on" event iv.

Position histogram Intensity histogram

We can also create an 

intensity map that shows 

the average SERS 

intensity at each centroid 

position.

Single hot spot example 1

Single hot spot example 2

Multiple hot spot example 1

For both single hot spot examples the brightest 

SERS (e.g. the hottest spot) is observed when the 

SERS centroid position is close to the 

nanoparticle luminescence.

There is an intensity gradient with strong 

directionality as the centroid position gets further 

from the hottest spot.

Each discrete 

“on” event 

corresponds to a 

unique spatial 

position.
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Multiple hotspot example 2

Averaged SERS spectra 

for each “on” event

For both multiple hot 

spot examples each 

“on” event shows 

intensity gradient 

behavior but the 

“hottest” spots are not 

always the closest to 

the nanoparticle 

luminescence centroid 

indicating the presence 

of multiple hot spots.

We have observed a spatial dependence between the location of 

the SERS centroid and the measured SERS intensity.

We have shown that fluctuating SERS signals can originate from 

different, distinct spatial locations on a nanoparticle, suggesting 

that multiple junctions in an aggregate can be single molecule 

SERS active.  Correlated spectral data has allowed us to identify 

analyte exchange in a single hot spot.

We will also investigate how laser

intensity, salt, and dye concentration

affect our results.
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