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Particle size analysis of polystyrene beads with UV-Vis
spectrophotometer and NanoCuvette™ S

APPLICATION NOTE AN-6-101

Challenge

Particle size analysis (PSA) of nano and
microparticles is a crucial technique used
in various fields such as materials science,
pharmaceuticals, biotechnology, and envi-
ronmental monitoring. However, today PSA
techniques require expensive instrumen-
tation, which can be a significant barrier
to their widespread adoption. In addition,
PSA techniques have limitations in terms
of the size range of particles they can mea-
sure accurately. How to use other instru-
mentation?

Solution

The NanoCuvette™ S is a low-cost alter-
native to other PSA techniques such as
Dynamic Light Scattering (DLS) or Laser
Diffraction. Building on traditional UV-
Vis spectroscopy and a standardized pro-
tocol, it requires minimal preparation and
can measure particle sizes ranging from
100 nm to 20 pm, making it suitable for
a wide range of particle applications illus-
trated here with polystyrene latex beads.

Intended Audience
Particle or powder producers, researchers,
and students.

T Introduction

Particle size is a crucial parameter in the char-
acterization of particulate materials and plays
a vital role in many industries including food,
pharmaceuticals, cosmetics, semiconductors,
and more. Accurate measurement of parti-
cle size and concentration is directly correlated
with the mechanical strength, density, and elec-
trical and thermal properties of finished prod-
ucts in these industries. Poor control of parti-
cle size and size distribution can result in sig-
nificant production losses due to high rejection
rates [1].

Figure 1: NanoCuvette™ S combining absorbance,
refractive index and particle/cell size via static
light scattering (SLS) quantification in a conven-
tional UV-Vis spectrophotometer with spectrum
analysis performed in SpectroWorks™.

Particle size and concentration are critical pa-
rameters to characterize materials in many in-
dustries. Dynamic Light Scattering (DLS) is
the current gold standard method for obtain-
ing size distribution of small particles and poly-
mers in liquid samples. However, DLS has in-
herent limitations when characterizing dilute
liquid suspensions containing particles. DLS
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apparatuses are often expensive and compli-
cated, limiting their mainstream applicability.
Furthermore, estimating the refractive index of
the fluid sample introdues errors in the ob-
tained size distribution. It is also seen that for
samples containing particles of a varying size,
DLS may provide imprecise estimates. Finally,
DLSis limited to particles smaller than between
1T micrometer and 500 nm depending on the
sample.

In contrast, the NanoCuvette™ S consumable
, see Figure 1, offers a user-friendly measure-
ment procedure for estimating particle sizes
and concentration based on static light scatter-
ing at a fraction of the cost compared to DLS
measurements. It utilizes existing spectropho-
tometer instrumentation commonly found in
laboratories, see Figure 2. With its unique
photonic crystal technology, NanoCuvette™S
provides real-time monitoring of particle sizes.
As a low-cost alternative it enables efficient
and accurate measurement of particle size and
concentration, making it an essential tool for in-
dustries that require precise particle analysis.
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Figure 2: Examples of UV-Vis spectrophotome-
ters. NanoCuvette™ S is inserted into a spec-
trophotometer to obtain the A, B and D side spec-
tra.
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NanoCuvette™ S creates instant value in any
laboratory and quality control station. It relies
on static light scattering and the existing spec-
trophotometer instrumentation in laboratories.
Therefore, as a DLS instrument is not needed,

SpectroWorks™

Figure 3: NanoCuvette™ S data is analyzed us-
ing SpectroWorks™ cloud software at https://spec-
troworks.com/.

the measurement can be performed without
upfront investment, calibration or training.

2 Method and Instrumentation

As an alternative to inventing a new optical ap-
paratus, the NanoCuvette™ S can be used with
conventional spectrophotometers based on an
advanced optical analysis available in the on-
line cloud software SpectroWorks™, see Figure
3.

NanoCuvette™ S allows for measurements of
absorbance, refractive index and static light
scattering of particles for size and concentra-
tion determination with a spectrophotometer,
see Figure 1.

The NanoCuvette™S contains an optical filter
inside the cuvette that contains a nano-scale
photonic crystal with very high angular reso-
lution. Both the absorption steptrum and the
scattering of the sample can be analyzed.

Measurements are recorded with the ab-
sorbance side (side A), the photonic crystal
(side B), and the opposite side of the pho-
tonic crystal (side D) as shown in Figure 4.
The results are absorbance, refractive index
and an accurate size determination of parti-
cles in the nanometer range with known and
widely used spectrophotometers together with
a cloud-based analysis software, see Figure 3.
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Figure 4: Method for use in a UV-Vis spectrophotometer. Side A, B, and D positions and orientations of
NanoCuvette™ S for use with 1 cm path length cuvette-based UV-Vis spectrophotometers. First measure
the Side A position by inserting NanoCuvette™ S into the instrument sample cuvette holder such that the
optical filter is NOT in the light path (Side A). Then turn the NanoCuvette™ S 90 degrees into the side B
position, such that the optical filter is facing towards the light source when illuminated (Side B). Finally,
turn the cuvette 180 degrees into the Side D position such that the optical filter is facing towards the
detector when illuminated (Side D). Please see our UV-Vis Knowledge Base for more information on the
specific orientation of light source and detector for different UV-Vis instrument models.

3 Theory and Working Principles

NanoCuvette™Sis a breakthrough concept that
combines accurate and reliable measurements
of:

+ Technology 1: Absorbance.
+ Technology 2: Refractive index.

+ Technology 3: Concentration and size de-
termination of nano- and microscale ob-
jects (particles or biological cells).

The three next sections describe the underlying
technologies and measuring principles com-
bined with the NanoCuvette™ S consumable.

3.1 Technology 1: Absorbance via Absorption
Spectroscopy

For background, the Beer-Lambert law [2, 3, 4]
is a well-known principle used in absorption
spectroscopy, which allows for the determina-
tion of the concentration of a substance in a

solution based on its ability to absorb light at
a particular wavelength, see Figure 5.
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Figure 5: Working principles for Technology 1 (Ab-
sorbance via Absorption Spectroscopy) and Tech-
nology 2 (Refractive Index via Label-free Spec-
troscopy) used with NanoCuvette™ S.

With absorption spectroscopy, the Beer—
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Lambert law relates the attenuation of light to
the properties of the material through which
the light is traveling:

A =eCl+ A,

where A isthe absorbance, e is molar extinction
coefficient, C'is the concentration, [ is the path
length and Ay is the background absorbance.
The NanoCuvette™ S measures traditional ab-
sorbance with the side A spectrum, see Figure
4.

3.2 Technology 2: Refractive Index via Label-
free Spectroscopy

In label-free spectroscopy, light is used to quan-
tify the sample in question. NanoCuvette™ S
uses a new type of optical filter (optical chip
or photonic crystal) which is inserted into the
light beam and the spectrophotometer mea-
sures the refractive index by measuring a wave-
length color shift on the x-axis at fixed inten-
sity that is proportional to the concentration or
sample change in the NanoCuvette™S, similar
to Hands law for proteins [5].

When light interacts with the photonic crystal,
it creates a resonance at a specific wavelength
that is related to the refractive index or con-
centration of the material near the crystal's sur-
face. In the simplest linear model, the reso-
nance wavelength, Ar, can be described using
the equation:

Ar =npf + Ao,

where )\ is a reference wavelength, g is a co-
efficient, and np is the refractive index of the
sample. By measuring the resonance wave-
length, the refractive index can be determined.
A comprehensive computational model for cal-
culating refractive index based on UV-Vis spec-
tra is built into SpectroWorks™. The NanoCu-
vette™ S measures refractive index with the
side B spectrum, see Figure 4.

3.3 Technology 3: Particle Size via Static
Light Scattering quantification

Absorption and light scattering are the two
major physical processes that contribute to
the visible appearance of most objects. A
spectrophotometer measures the combina-
tion, known as attenuation, of absorption and
scattering, but it cannot distinguish between
them. Figure 6 is a schematic representation
for the classification of absorption and scatter-
ing media.
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Figure 6: Classification of absorption and scatter-
ing in a dilute sample.

The optical filter inside the NanoCuvette™S
consists of a nano-scale photonic crystal capa-
ble of measuring very high angular resolution.
The absorbance spectrum and the scattering
of a dilute sample can be analyzed, and parti-
cle size and concentration can be determined
with an advanced optical model available on
the online cloud software SpectroWorks™. The
NanoCuvette™ S measures particle and cell
size by combining information from the side A
spectrum, the side B spectrum and the side D
spectrum, see Figure 4.

Different instruments use different scattering
information in different ways to calculate the
particle sizes from samples. Below is a com-
parison to pinpoint the characteristic feature of
how NanoCuvette™ S measures particle sizes:

- Dynamic Light Scattering (DLS) conven-
tionally measures scattering over time at
a given wavelength.

« Multi Angle Dynamic Light Scattering
(MA-DLS) conventionally measures scat-
tering over time at a given wavelength for
different angles.



- Static Light Scattering (SLS) with
NanoCuvette™ S measures scattering at
different wavelengths in different angles
at a given time.

Light scattering can be caused by particles and
molecules in the sample and its characteristics
relate to their size.

In general, there are three types of light scatter-
ing from particles namely 1) Raleigh scattering
when particles are smaller than the wavelength
of light often characterized by DLS, 2) Mie scat-
tering when the particle size is comparable to
the size of the wavelength of light often char-
acterized by laser diffraction and 3) geometric
scattering when the particles are much larger
relative to the wavelength of light often charac-
terized using a lens or prism.

In general, the NanoCuvette™ S particle analy-
sis method is capable of analysing Raleigh and
Mie light scattering, but not geometric scatter-
ing, see Figure 7.
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Figure 7: Different types of scattering detectable
by the photonic crystal in NanoCuvette™ S.

4  Measurements, Materials and Ex-
perimental Methods

This section describes the measurements, ma-
terials and methods related to the use of
NanoCuvette™ S. Please note the following:

+ Deionized (DI) water and liquid sample

should be measured in the same cuvette.

+ In case one would like to perform the next

sample measurement using the same cu-
vette, we recommend a wash step (see our
recommended wash protocol on our web-
site).

+ For very sensitive applications, it is recom-
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mended to use a new cuvette with respec-
tive reference measurement for each sam-
ple measurement.

Materials and Apparatus

+ Latex beads, polystyrene 100nm Product

no. LB1-TML stock from Merck.

+ Latex beads, polystyrene 460nm Product

no. LB5-1ML stock from Merck.

+ Latex beads, polystyrene 600nm Product

no. LB6-1TML stock from Merck.

+ Latex beads, polystyrene 800nm Product

no. LB8-TML stock from Merck.

+ Latex beads, polystyrene 1100nm Product

no. LB11-TML stock from Merck.

+ Latex beads, polystyrene 3000nm Product

no. LB30-1TML stock from Merck.

UV-Vis spectrophotometer instrument
with a given light beam height. Note that
UV-Vis spectrophotometers may have
different light beam heights.

- NanoCuvette™ S was used.

4.2

Safety Precautions

+ Please refer to common laboratory prac-

tices.

+ This method does not require any addi-

tional safety precautions.

+ The NanoCuvette™ S is made of PMMA

plastic and can disposed as plastic waste.



4.3 Instrument Preparation

1. Start spectrophotometer, warm up for 30
min.

2. Perform Auto zero (without cuvette).
3. Perform System baseline (without cu-

vette).

Choose the scan method in the spectropho-
tometer or use SpectroLink™ for optimal instru-
ment performance. In both cases, select a
wavelength range of 1100 nm - 190 nm and a
minimum of 2 nm wavelength resolution.

4.4 Reference Measurement

1. Take NanoCuvette™ S.
Add 300 pL DI water.

Make sure there are no air bubbles.

> LN

Note the 6 character box number, and the
cuvette number.

Measure side A of the DI Water.
Measure side B of the DI Water.
Measure side D of the DI Water.

® N o o

Empty the cuvette.

See Figure 4 for the different orientations of
the NanoCuvette™ S. Continue using the same
NanoCuvette™ S which was used for reference
measurements.

4.5 Sample Preparation

Mix the stock of Latex beads, polystyrene on a
votex mixer. Make a stock solution of each nm
size as:

1. Pipet 1998 UL of DI water.

2. Add 2 pL of mixed Latex beads,
polystyrene.

Table 1: Example of the dilution for the particle size
measurements.

Concentration Latex beads, De-ionized
(%) Polystyrene water (uL)
(uL)
0.01 2 of stock 1998
beads
0.001 200 of stock 1800
0.01%
0.0083 100 of stock 3200
0.01%
0.0001 200 of stock 1800
0.001%

3. Mix until the solution is fully dissolved.

This stock solution has a concentration of
0.01%. From this stock solution of concentra-
tion 0.01% make the following concentration
for the assay in deionized water, see Table 1.
Mix the solutions between dilutions.

4.6 Sample A, B and D Side Measurements

See Figure 4, for the different orientations of the
NanoCuvette™ S.

We are continuing in the same NanoCuvette™
S which was used for DI Water reference.

1. Add 300 pL of the diluted sample.
2. Make sure there are no air bubbles.

3. Measure A side of sample. (Measure with-
out the photonic crystal towards the light
path).

4. Measure B side of sample. (Turn the cu-
vette 90 degrees to the light path and mea-
sure through the photonic crystal).

5. Measure D side of sample. (Turn the cu-
vette 180 degrees away from the light path
and measure from behind the photonic
crystal).
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Figure 8: Figure a, b and c shows the three different spectra output from as messaured with the NanoCu-
vette™S. (a) Spectrum without the photonic crystal of DI water (A-side). (b) Spectrum of DI water with the
photonic crystal facing the light path closer to the light source (B-side). (c) Spectrum of DI water with the
photonic crystal facing the light path farther to the light source (D-side).

4.6.1 Data Analysis

1. Log into https://spectroworks.com/ (on-
line software included in purchase).

2. Create a login and password.

Create a project, while creating the results pa-
rameters:

+ "Mean Particle diameter”

+ “"Protein Concentration”

- “Sample angle of incidence”

- "Sample mean angle of incidence”
« “Scattering fit quality”

- "Size distribution fit quality”

- “Sample fit quality”

+ "Reference fit quality”

Add all these parameters from NanoCuvette™ S
to the project. As they are added it will be seen
in the final selected results. Then perform the
following steps:

1. As a project is created, it will lead to “Get
started with full spectrum analysis”.

2. Select the NanoCuvette™ S functionality.

3. Enter six character box code and select the
cuvette number.

4. Select fluid material, H,O (Optical parame-
ter for solvent) and accept.

5. Select Particle material, Polystyrene and
accept. Click “NEXT".

6. Upload or drag & drop the A-side spectrum
from DI water onto SpectroWorks™.

7. Upload or drag & drop the B-side spectrum
from DI water onto SpectroWorks™.

8. Upload or drag & drop the D-side spectrum
from DI water onto SpectroWorks™.

9. The software will analyze reference data
and load results for "Reference fit". Click
"NEXT".

10. Upload or drag & drop the A-side spectrum
from sample onto SpectroWorks™.

11. Upload or drag & drop the B-side spectrum
from sample onto SpectroWorks™.

12. Upload or drag & drop the D-side spectrum
from sample onto SpectroWorks™. Click
"NEXT".

13. Now the SpectroWorks™ software will an-
alyze the recorded spectra for NanoCu-
vette™ Sand calculate the selected results.
Click "NEXT”, then "NEXT" and finally "Fin-
ish”.

14. Finally, the SpectroWorks™ software will
show the summary report including all
selected results based on the measure-
ments. In addition, it is possible to add
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all information about the measurements
in the "Sample attributes” and the spectra
can be found under "Plots”.

5 Results

The results section presents the validated
data obtained from the measurements using
NanoCuvette™ S and the analysis performed
with SpectroWorks™ software by an external
GLP certified laboratory [6].

The NanoCuvette™ S used with a spectropho-
tometer requires measurements in three spe-
cific orientations, which are explained in Figure
4. The input to the online cloud software, Spec-
troWorks™, see Figure 3, includes spectra from
the A-side, B-side, and D-side of both the refer-
ence (DI water for most samples) and the sam-

ple.

51 Water Reference Spectrum Analysis

Example reference spectra from DI water are
given in Figure 8a, Figure 8b, and Figure 8c.
In the case of DI water, the A-side spectrum
shows a flat spectrum because it only interacts
with DI water, which does not absorb light in
the visible range. However, the B-side spec-
trum captures a resonant spectrum of light
through the photonic crystal, which is com-
posed of periodic nanostructures that interact
with lightin specific ways. Here resonant peaks
can be seen between 750-700 nm (TE mode -
transverse-electric) and 650-700 nm (TM mode
- transverse-magnetic). These are expected
due to the interaction with the photonic crys-
tal. Finally, in this case of the D-side spectrum,
it would be identical to the B-side spectrum for
DI water as there are no particles present in the
reference measurements.

5.2 Polystyrene Particle Spectrum Analysis

For samples, the B-side and D-side spectra will
be different due to scattering detected near and

far from the photonic crystal, respectively, in
the sample particles. By using the three differ-
ent orientation measurements with reference
and sample, SpectroWorks™ can analyze par-
ticles ranging in size from 100 nm to 3000 nm
in dilutions between 0.01% - 0.0001%. Valida-
tion of the technology was done by an external
company, Particle Analytical ApS, in [6] whom
is a GMP certified contract laboratory, and re-
sulted in data comparisons and graphs, which
are presented in Table 2 and Figure 9.

5.3 Particle Size Analysis

In Table 2 and Figure 9, a comparison between
NanoCuvette™ S based on SLS and the gold
standard DLS method for the measured parti-
cles sizes can be seen. As earlier mentioned,
Particle size analysis (PSA) techniques often
have limitations in terms of the size range of
particles they can measure accurately and it
is known that DLS is often limited to particles
smaller than between 500 nm and 1000 nm de-
pending on the sample.

In the case of the polystyrene bead particles
measured here, it can be seen that as the parti-
cle diameter increases beyond 500 nm, the DLS
method becomes less and less accurate with
errors up to approximately 47% whereas the
SLS method with NanoCuvette™ S delivers use-
ful results for a wide range of nano- to micron-
scale particle sizes, see Figure 10. In addition,
the method also provide information about the
particle concentration, see Figure 11.

The results from [6] demonstrate the accu-
racy and reliability of the NanoCuvette™ S SLS
technology in determining particle sizes values
across a wide range of sizes and dilutions. The
strong correlation between the measured and
known values, along with the consistency in the
measurements, supports the suitability of this
technique for various applications in industry
and research.



Table 2: Measured poloystyrene latex beads sizes. Specified size from bead manufacterer with uncer-

tainty of one standard deviation. Data from [6].

Specified size Conc. (Vol.%) Measured DLS Measured Error DLS (%) Error
from bead (nm) NanoCuvette™ SpectroWorks™
manufacturer S (nm) (%)
110 £10 nm 0.01 108 132 0-8 10-32
110 £10 nm 0.0007 97 - 3-19
460 +10 nm 0.003 437 414 3-7 8-12
615 +£15 nm 0.003 648 548 3-8 9-13
800 4 50 nm 0.003 717 635 4-16 15-25
1100 + 100 nm 0.007 913 1091 9-24 0-9
Approx. 3000 0.001 1585 3344 Approx. 47 Approx. 11
nm
bolysyrene i bead mean size messurements efficient and_ precise analysis Without signiﬂ—
T2- Theoretionl mean size cant upfront investments or extensive training.
35009 g NanoCuvetteS mean particle size measurement +
W DLS mean particle size measurement . . . . .
£ The scattering behavior of particles is directly
g 2500 influenced by their size, and this behavior varies
£ 20001 across different particle sizes. The size and in-
2 0 —— strumentation of detectors used in spectropho-
gwon_ : tometers from different brands can also vary,
oo (z«é resulting in different amounts of recorded scat-
N e tering for different particle sizes and concentra-

T T T T T T T
0 500 1000 1500 2000 2500 3000

Mean particle size sigma [nm]
Figure 9: Particle size comparison between DLS

and NanoCuvette™ S / SpectroWorks™ validation
analysis. Data from [6].

6 Discussion

The PSA results from [6] and provided above il-
lustrate the use of NanoCuvette™ S technology
in conjunction with UV-Vis spectrophotometers
and SpectroWorks™ software as a reliable and
accurate method for measuring the particle
size of polystyrene latex beads. This method
overcomes several limitations associated with
traditional PSA techniques like DLS or Laser
Diffraction, such as expensive instrumentation,
sensitivity to air bubbles, particles or other im-
purities, limited measurement range, and the
need for frequent calibration. By utilizing ex-
isting spectrophotometric instrumentation and
cloud-based software, this method allows for

tions. Thus, to achieve the most accurate par-
ticle estimation with a given instrument, there
is an optimal concentration range that must
be considered. The results presented in Ta-
ble 2 were obtained using the VWR UV6300-PC
scanning spectrophotometer with a maximum
absorbance of 3 A. However, different scanning
instruments may have varying internal struc-
tures that can influence particle size estima-
tion in SpectroWorks™. Therefore, users may
need to optimize their approach based on the
respective particle size and the specific instru-
ment being used.

The standard curve of the Latex polystyrene
bead particles was obtained by measuring a
series of different sizes and dilutions with the
NanoCuvette™ S and analyzing the data using
SpectroWorks™ software. The resulting parti-
cle sizes were determined and are presented
in Table 2. Figure 9 shows a graphical com-
parison of the measured particle size values
and the known specified size from the manu-
facturer, demonstrating a strong correlation be-
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Figure 10: Error on particle size comparison be-
tween DLS and NanoCuvette™ S / SpectroWorks™
validation analysis. Note the systemic nature of
the DLS error progression. Data from [6].
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Figure 11: Particle concentration with NanoCu-
vette™ S / SpectroWorks™ validation analysis. The
results do not take into account any dilution errors.
Data from [6].

tween the two.

7 Conclusion

In conclusion, NanoCuvette™ S presents
a promising low-cost alternative for accu-
rately and reliably measuring particle sizes
of polystyrene latex beads in solutions. With
its use of existing spectrophotometer instru-
mentation and cloud-based software, the PSA
method provides a cost-effective and user-
friendly solution that does not require extensive
training or significant upfront investments.
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The SLS technology’s ability to overcome the
limitations of traditional instrumentation like
DLS, both in sensitivity to impurities and the
need for frequent calibration, makes it a valu-
able tool for a wide range of industries, in-
cluding food and beverage manufacturing and
research. Additionally, the method can be
adapted to measure other parameters, such as
protein concentration, with minor adjustments
to the software parameters.

Overall, the NanoCuvette™ S technology offers
a powerful and versatile solution for accurate
particle size measurements in various applica-
tions. The wide particle size range and insen-
sitivity to impurities make this technology par-
ticularly beneficial for quality control and re-
search and development purposes across var-
ious industries. The NanoCuvette™ S technol-
ogy is particularly beneficial for quality control,
research and development purposes across
various industries. The NanoCuvette™ S tech-
nology is particularly advantageous for parti-
cle and powder producers, researchers, and
students who require a robust and accurate
method to determine particle size in solutions.
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