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ABSTRACT: Latex particles of various sizes, containing a fluorescent dye and dispersed at low density
in a poly(vinyl alcohol) matrix, were imaged by near-field scanning optical microscopy. The fluorescence
intensity of the latex particles was studied quantitatively, by integrating the total intensity measured
per particle. For all the samples, a high accuracy in determination of the fluorescence intensity could be
achieved. The noticed difference in fluorescence intensity for particles of a similar size is mainly affected
by the size distribution of the particles and by sample preparation. Particularly, the smaller particles
(50-100 nm) show a significant difference in fluorescence intensity. This was confirmed by further study
of the distribution of particle sizes by transmission electron microscopy and by examination of the
correlation between the fluorescence intensity of the latex particles and their size. When the size difference
is significant (e.g., when particles of 100 and 200 nm, which show a narrow size distribution, are present
in the same sample), the two types of particles can be clearly distinguished. Furthermore, for smaller
particles (50 and 100 nm) the differences in depth position in the film lead to differences in emission
intensity.

Introduction
Polymer particles are an important class of materials,

which find application in a wide range of areas. In
coatings they are applied in water-based formulations1,2

and in powder coatings.3 In pharmaceutical applica-
tions polymer particles are used in diagnostics4,5 and
in cell separation.6 Polymer particles are also applied
in adhesives and sealants and in rheology modifiers.7
Recently, polymer particles have found use in combi-
natorial chemistry.8

In most applications the polymer particles have sizes
that are below 1 µm, so their characterization is far from
straightforward. Morphological properties can be evalu-
ated by means of electron microscopy. However, no good
techniques are available for the characterization of their
chemical structure. It is the chemical nature of the
particles that determines to a great extent their proper-
ties. Functional groups largely determine the chemical
properties of materials; it is the identity, spatial distri-
bution, and concentration of functional groups that
determine the chemical structure of polymer particles
and important functions as adhesion, possibilities for
further reaction (coupling, cross-linking reactions, in-
terfacial effects). For most applications mentioned
above, polymer particles with tailor-made functionality
have been developed.

The goal of the present study is to investigate whether
near-field scanning optical microscopy can be applied
to determine optical images of submicrometer polymer
particles. The study of fluorescent labeled polymer
particles is interesting as such, since one may observe
interactions of the particles and their environment, or
between particles, directly. Also, functional groups may
be labeled with suitable, specifically reactive fluorescent

probes, so that it may become possible to determine the
location and concentration of functional groups on
polymer latices in this way.

Near-field scanning optical microscopy (NSOM) is an
optical scanning probe microscopy technique that, by
illumination of the sample through an aperture of
subwavelength size, breaks the diffraction limit (λ/2),
limiting the resolution of conventional optical micros-
copy. The most widely used subwavelength light source
consists of a tapered optical fiber that is subsequently
coated with aluminum, creating a small aperture at the
end point of the fiber. The lateral position of the sample
is raster scanned while maintaining a fixed distance of
a few nanometers between the sample and NSOM probe
via regulation of the force between the fiber and the
sample.9 This shear-force method allows simultaneous
determination of the topographical structure and of the
optical properties of the sample. More detailed infor-
mation on the basic aspects of this method and its
instrumentation have been reported previously.10-12

The detection and spectroscopic analysis of the fluo-
rescence of structures down to single molecules have
been studied in detail using NSOM.13-16 Fluorescence
mapping of heterogeneous organic films, like Lang-
muir-Blodgett films17 or films consisting of J-aggre-
gates,18,19 micrometer-sized porphyrin wheels,20 conju-
gated polymers,21,22 or latex particles,12 are reported in
the literature.

In the present contribution, we report a study by
NSOM of the parameters influencing the fluorescence
intensity of latex particles, containing fluorescent dyes.

Experimental Section

The polymer films studied were prepared from dilute
solutions of latex particles and poly(vinyl alcohol) (PVA) in
such a way that thin films are obtained which contain isolated* To whom correspondence should be addressed.
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particles. The films, which have a thickness of approximately
30-40 nm, are prepared by spin-coating. The first set of
polystyrene particles was acquired from Molecular Probes.
They contain a yellow-green fluorescent dye, which can be
excited very efficiently at 488 nm, while the maximum of
emission is situated at 515 nm. Particles with two different
sizes, 100 and 200 nm, have been used. A variation of the
size of the particles of (5% was specified by the supplier.
Another set of polystyrene latex particles was obtained from
Polysciences. These particles are labeled with a green fluo-
rescent dye, with an excitation maximum situated at 460 nm
and an emission maximum at 480 nm. In this case, three
different particle sizes, 50, 100, and 200 nm, were used.
Polysciences specifies a margin on these size values of a few
percent. In Table 1, an overview is given of all the particles
investigated in this study.

The NSOM instrument is a modified Topometrix Aurora.
The 670 nm diode laser for shear-force feedback was replaced
with a 980 nm diode laser in order to allow the detection of
fluorescence up to wavelengths around 800 nm. Additionally,
the PMT detector of the Aurora was replaced by a more
sensitive detector with lower background, i.e., a single-photon-
counting avalanche photodiode module (EG&G, model SPCM-
200-CD1718).

The 458 nm line from an argon ion laser was used as
excitation source. The laser light was coupled into the NSOM
fiber probe via a single-mode fiber coupler. The output
intensity (measured in the far field) from the probe was
typically several nanowatts. The excitation light was excluded
from reaching the detector by a holographic laser notch filter
(Kaiser Optical Systems). Additional IR short pass filters (CVI
SPF-900) were employed to block the shear-force laser light.
The fluorescence light was collected in transmission mode with
a dry objective (Zeiss ×63, NA 0.85). The total experimental
setup is discussed in detail elsewhere.23 The scan speed was
typically 2 µm/s for a 10 × 10 µm scan range, while the
resolution was never less than 200 × 200 pixels.

The tip is the crucial part of a NSOM, because its dimen-
sions determine to a great extent the spatial resolution of the
microscope. Furthermore, the shape of the tip is also of great
importance, because it determines the throughput of excitation
light. To control better the size and shape of the tips,
homemade NSOM probes were employed in the experiments.
They were made using the heating and pulling method. The
resulting tapered fibers are coated with a layer of aluminum,
leaving the end face uncoated.24,25 The aperture size varies
between 50 and 120 nm in diameter.

TEM measurements were done with a Philips EM 400. The
suspension with particles was diluted and sprayed on a carbon
grid after dilution to such an extent that isolated particles were
obtained. The images were analyzed with a Context Vision
image analysis instrument; typically 100-200 particles were
analyzed. The accuracy of the particle size measurement is
better than 5%.

Results and Discussion

A detailed analysis of the fluorescence intensity of
dye-labeled latex particles was performed. In such a
study, one can only compare the fluorescence intensities
of different particles in one image. The absolute inten-
sities of different images cannot be compared, not only
because the intensity of the excitation light exciting the
sample is never exactly the same, certainly not when
different tips are used, but also because the detection
efficiency is different for each experiment. Therefore,
films with mixtures of particles with different sizes were
prepared, which allows the comparison of the relative
fluorescence intensity of the individual particles, be-
cause the same tip is used to image all the particles.

Samples containing latex particles with sizes of 100
and 200 nm, received from Molecular Probes, were
imaged. First, samples with particles of one size and,
in a later stage, samples with a mixture of different
particle sizes were examined. To calculate the inte-
grated intensity, the fluorescence signal of each particle
is cut out of the fluorescence image, and a three-
dimensional plot is made from this excision. An ex-
ample of such a plot is shown in Figure 1. The volume
under this plot is integrated, which allows the calcula-
tion of the integrated intensity per particle, in counts
per second. These calculated integrated intensities are
corrected for the background signal, by cutting out an
equal area of the background. The size of all the
excisions in one image is the same and is chosen in such
a way that the fluorescence signal of the largest particle
fits in. This excision method assumes that the intensity
is in the linear response threshold of the image. The
dynamic range (0-100 000 counts per second) was
checked using a set of neutral density filters and was
found to be linear.

First, a series of measurements was performed to
discriminate between sample and instrumental effects.
For all samples measured, a difference in integrated
intensity was noted for particles of a similar size. The
reproducibility of the measurement and of the data
processing was examined.

In Figure 2, a topographic and a fluorescence image
are given of a sample containing 100 nm particles. The

Table 1. Overview of the Size of the Studied Particles
with Average Diameters and Standard Deviations, As
Specified by the Supplier and Measured with a TEM

Apparatus

molecular probes polysciences

size,
nm

av
diameter,

nm
std dev,

nm

no. of
fluorophores/

particle

av
diameter,

nm
std dev,

nm

Specifications Given by the Suppliers
50 64 10 (16%)

100 110 22 (20%) 7.4 × 103 84 8 (10%)
200 220 44 (20%) 1.1 × 105 213 8 (4%)

Results of TEM Analysis
50 46 13 (30%)

100 99 5 (5%) 83 11 (13%)
200 224 10 (4.5%) 213 8 (4%)

Figure 1. Three-dimensional plot of the intensity distribution
of one bead, cut out of the NSOM image. The axes in the x
and y plane correspond to a certain amount of pixels, depend-
ing on the particle size, which are chosen in such a way that
the size of the excision is constant within one image. To
calculate the integrated intensity, the volume under this
surface is integrated.
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line scan through this image shows that the topographic
and fluorescence signals overlap well, but the width of
the fluorescence signal is narrower than the topography
profile. The width of the particles in the topography
image is about 400 nm, in the fluorescence image the
width is about 250 nm. The width in the topography
image is larger as a result of the amount of aluminum
deposited on the tip end. In both images the width is
broader than the real particle size because of tip
convolution.

To check the reproducibility of the measurement, a
well-defined area of the sample (10 by 10 µm) was
scanned five consecutive times with the same tip,
without optimizing the excitation light between the
different scans. For these five images, the integrated
intensity was calculated for 18 different particles in the
image. The fluorescence image of the area used for
these calculations is shown in Figure 2B; the individual
particles are marked with a number. A plot with the
absolute and normalized intensities is given in Figure
3. The intensity plot in Figure 3A clearly shows that
there is a trend in the fluorescence intensity measured
for the different particles. When going from scan one
to five, the fluorescence intensity first shows an in-
crease, and subsequently the intensity decreases for
most of the particles. This decrease in intensity is not
due to bleaching. A bleaching experiment showed that
bleaching only occurs when the same spot is continu-
ously illuminated for at least 30-40 min. This is not
the case during scanning, since a 100 nm bead is only
illuminated for about 0.6 s per scan. This suggests that
relaxation of the fiber couplers leads to a decrease in
excitation energy. In the NSOM setup, three fiber

couplers are used to couple the excitation light into the
NSOM probe.

The intensity data (Figure 3B), normalized with
respect to the intensity values of one particle, show that
the intensity does not change substantially over the five
measurements, when taking into account the relaxation
of the couplers. For the five measurements of one
particle the standard deviation is about 0.5 × 106 cps
(8%) for an average intensity of 6.3 × 106 cps. For one
measurement of the eighteen particles the standard
deviation is about 0.8 × 106 cps (13%). So it is clear
that the fluctuation in intensity for one particle over
the five measurements is smaller than the fluctuation
in intensity between the particles in one measurement.
The differences in intensity between the particles in one
image are therefore too large to be caused by an
instrumental effect. Thus, it can be concluded that the
differences in intensity, measured in one image, are
inherent to the investigated sample.

The second point that was evaluated, is the reproduc-
ibility of data processing. In one image, the procedure
of cutting out one particle and calculating the integrated
intensity, was repeated six times to check if the process
of data handling itself creates differences in intensity.
The calculations showed that the integrated intensities
were the same, within a small margin ((1%).

For all samples containing only particles of one size,
100 or 200 nm, a difference in intensity was noted. A
topographic and fluorescence image of a 100 nm sample
is given in Figure 2, a fluorescence image of the samples
containing 200 nm particles is shown in Figure 4. The
integrated intensities obtained from integration of the

Figure 2. Topographic (A) and fluorescence (B) images of 100 nm latex particles in a PVA matrix. The scale bar below each
image represents 2 µm. Individual particles used to discriminate between instrumental and sample effects are indicated with a
number. Line scans are shown, taken through the topography and fluorescence image; they are marked with a white dashed line.
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data of a number of individual particles are given in
Figure 5. For the 100 nm particles the average value
is 6.7 × 106 cps, with a standard deviation of 12%. For
the 200 nm particles the average value is 19.2 × 106

cps, with a standard deviation of 13%. All numbers and
results are listed in Table 2. In a first approximation,
it may be assumed that the amount of fluorophore per
particle varies linearly with the volume. To determine
the volume of the actual particles used in the quantita-
tive fluorescence measurements, a TEM analysis has
been performed. The results show a variation of 5 nm
on the 100 nm particles with an average diameter of
99 nm, and a variation of 10 nm on the 200 nm beads
with an average diameter of 224 nm. The variations
in size therefore seem to be smaller than the values
specified by Molecular Probes. The volume of the

particles was calculated using the results of the TEM
measurements. For the 100 nm particles a volume of
5.1 × 105 nm3 was found with a standard deviation of
16%. For the 200 nm particles a volume of 5.85 × 106

nm3 was calculated, with a standard deviation of 15%.
For both the 100 and 200 nm particles the distribution
in volume and intensity does correspond. The results
show that the variations in intensity to a large extent
can be explained by the variations in size.

The correlation between height and integrated inten-
sity was investigated for the films containing 100 or 200

Figure 3. Discrimination between instrumental and sample
effects: (A) integrated intensities for five consecutive measure-
ments, calculated for 18 different particles; (B) intensities for
these five measurements, normalized with respect to the
values of particle number 11.

Figure 4. Fluorescence image of a sample containing 200 nm
latex particles. The scale bar below the image represents 2
µm.

Figure 5. Integrated intensities as a function of the particle
number. (A) Integrated intensities for the 100 nm particles,
(B) integrated intensities for the 200 nm particles, and (C)
integrated intensities for the sample containing a mixture of
two different particle sizes, 100 and 200 nm.

Table 2. Overview of Data of the Particles from
Molecular Probes

100 nm 200 nm

fluorescence
intensity (cps)

6.7 × 106 (
0.8 × 106 (12%)

19.2 × 106 (
2.6 × 106 (13%)

av diameter (nm) 99 ( 5 (5%) 224 ( 10 (4.5%)
calcd vol (nm3) 5.1 × 105 (

0.8 × 105 (16%)
5.85 × 106 (

0.85 × 106 (15%)
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nm latex particles. The fluorescence image of the area
where this parameter was examined for the 100 nm
particles is shown in Figure 2B. There is a correlation
between the height and the integrated intensity, as is
shown in Figure 6A. For the 200 nm particles, the
results show that the effect of the PVA film thickness
is much less pronounced (Figure 6B). Two effects can
give an explanation for this correlation, i.e., the direct
effect of the difference in particle diameter and, second,
an additional effect of incorporation of the particle in
the PVA matrix. This effect of incorporation in the PVA
matrix is more likely for the smaller particles than for
the larger particles because of the PVA film thickness.
Generally, one may expect that the particles that are
deeper embedded in the PVA matrix show less fluores-
cence and that the particles sticking out show more
fluorescence.

A fluorescence image of the sample containing a
mixture of particles is given in Figure 7, the integrated
intensities are shown in Figure 5C. For this sample, a
distinct difference in intensity for the 100 and 200 nm
particle sizes is noticed. For both sizes, some statistical
parameters were obtained. The average intensity value
for the 100 nm particles is 0.21 × 106 cps, with a
standard deviation of 28%; for the 200 nm particles the
average value is 2.15 × 106 cps, with a standard
deviation of 5%. The difference in intensity between
both particle sizes is approximately a factor 10. This
factor is slightly smaller than the ratio of the volumes,
calculated from the average diameters as found in the
TEM measurements, i.e., a factor of 12. This deviation
to a lower value can be due to the fact that the total
volume of the 200 nm particles is not excited completely.
The intensity of the near-field is decreasing very rapidly
with the distance and is negligible at a distance of 200
nm. The results show that the amount of chromophores

is proportional to the volume of the particles. This
points out that the distribution of the chromophores in
the particles is quite homogeneous. This is further
confirmed by the fact that if the chromophores were only
situated at the surface of the particles, the ratio of the
intensities would be equal to a factor 5. The possible
incomplete excitation of the 200 nm particles has a
negligible influence on the statistical distribution, as is
proven by the fact that the distribution of the intensities
is of the same order of magnitude for the 100 and the
200 nm particles, as is mentioned before.

For the batch of polystyrene particles from Poly-
sciences, comparable experiments were performed. For
the samples containing particles of 50 or 100 nm, a
rather large fluctuation in integrated intensity is no-
ticed. These intensity differences are to a large extent
due to the more heterogeneous distribution in size.
TEM measurements indicated that, in particular for the
smaller particles, the size variations were more pro-
nounced than specified. For the 50 nm particles, a size
of 46 ( 13 nm was found (Figure 8) and for the 100 nm
particles a size of 83 ( 11 nm. On the basis of these
TEM measurements, it is clear that for a mixture of 50
and 100 nm particles there is an almost continuous
distribution in size between 35 and 95 nm. This
continuous distribution in size is reflected in the con-

Figure 6. Correlation between the integrated intensities and
the height of the particles. The plots are shown for the 100
nm (A) and the 200 nm (B) particles.

Figure 7. Fluorescence image of a sample containing a
mixture of 100 and 200 nm particles. The scale bar below the
image represents 2 µm.

Figure 8. TEM image of latex particles for which the supplier
specifies an average diameter of 64 nm with a standard
deviation of 10 nm. However, the TEM measurements result
in an average diameter of 46 nm with a standard deviation of
13 nm.
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tinuous distribution in fluorescence intensity, as shown
in Figure 9A. However, for the samples containing 200
nm particles, the variation in intensity was less pro-
nounced, which is in agreement with the results from
the TEM measurements. Here, a size of 213 ( 8 nm
was found for the 200 nm particles. For the mixture of
100 and 200 nm particles, in contrast to the mixture of
50 and 100 nm particles, a distinct difference in
intensity is noted. The difference in intensity is ap-
proximately a factor 12. The plot of the integrated
intensities for this mixture is given in Figure 9B.

Conclusions

A study on the correlation between the fluorescence
intensity of dye-labeled latex particles and their size was
performed using NSOM. For all samples, it was shown
that a relatively high accuracy in determination of
fluorescence intensity could be achieved. The variation
in fluorescence intensity is mainly affected by the size
distribution and by effects of sample preparation.
Particularly the smaller particles (50-100 nm) show a
significant difference in fluorescence intensity. This
was confirmed by further study of the distribution of
particle sizes by transmission electron microscopy and
by examination of the correlation between the fluores-
cence intensity of the latex particles and their size.
When the height of the particles is much larger than
the thickness of the film, the PVA matrix does not

influence the intensity, but for smaller particles, the
differences in depth position in the film lead to differ-
ences in emission intensity. The results clearly show
that it is possible to distinguish and analyze particles
of different sizes in a mixture.
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Figure 9. Integrated intensities as a function of the particle
number for the second batch of latex particles (Polysciences):
(A) integrated intensities for the sample containing a mixture
of 50 and 100 nm particles; (B) integrated intensities for the
sample containing a mixture of 100 and 200 nm particles.
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