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Determining the Number Concentration of
Gold Nanoparticles by SAXS

Relevant for: Particle concentration, particle size analysis, industrial nanoparticles, pharmaceuticals

Nanoparticles are versatile materials that are employed across different fields in industry,
research and medicine. Their concentration is a critical factor since it influences the
performance and has also become relevant for regulatory purposes, particularly in the
biomedical sector. Here, we report on traceable and reliable number concentration
measurements of gold nanoparticles using a SAXS laboratory instrument.

1 Introduction

Nanoparticles have emerged as a keystone in developing
advanced materials and technologies, mainly because of
unique properties arising from their diminutive size. Their
use and incorporation into various systems can lead to
significant improvement of the mechanical, optical or
conductive properties. The widespread application of
nanoparticles has also emphasized the need for precise
characterization and quantification, in particular the
accurate determination of the size, the shape and the
concentration in nanoparticle dispersions.

Various methods can be used for determination of the
nanoparticle number concentration, including dynamic
light scattering (DLS) and particle tracking analysis
(PTA). However, only small-angle X-ray scattering
(SAXS) and single particle inductively coupled plasma
mass spectrometry (sp-ICP-MS) are traceable respective
to number concentration directly to a Sl unit (metre for
SAXS, kilogram for sp-ICP-MS). As a result, only these
two methods are directly connected to the respective
Sl-unit via a continuous series of comparisons.(1)

SAXS is a well-established, non-destructive technique
for accurately determining the particle size and size
distribution.(2-4) Recent advancements have enabled
the determination of the traceable determination of
nanoparticle number concentrations in dispersions using
synchrotron and laboratory SAXS measurements, which
has eventually led to the development of an ISO
standard on this methodology.(1,5)

Here, we discuss the precise determination of the
concentration of gold nano-particles using a laboratory
SAXS instrument. Thanks to its optimized design and
highly brilliant X-rays, reliable and traceable number
concentration results were obtained. In particular, the
instrument could provide precise, well analyzable results
even from highly diluted particle dispersions.

2 Experimental details and results

Figure 1: SAXSpoint 700 SAXS/WAXS instrument.

The new Anton Paar SAXSpoint 700 system (Figure 1)
used for the SAXS experiments was equipped with the
Primux 100 Cu Kq (A = 0.154 nm) microfocus X-ray
source, the low-noise SiN flow-through cell and the
EIGER2 R 1M HPC detector (Dectris). Scattering data
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was collected in transmission geometry within a g-range
from 0.09 nm™ up to 4.5 nm™.

A dispersion of colloidal gold nanoparticles (obtained
from LGC Standards, modal diameter 32.7 nm, number
concentration 1.47 x 10" NP/g) (6) was measured by
SAXS at its original concentration, i.e. as received).

In addition, several diluted samples (1:1 to 1:1000), were
studied under identical experimental conditions. Pure
MILLI-Q® water was used for background correction.
With the precisely known thickness of the SiN cell and
automatic transmission measurement during the
experiment, the obtained scattering raw data was directly
normalized and converted to absolute intensity units
using the automatic data reduction feature of the
SAXSanalysis software package. Scattering data with
the intensities on absolute scale is a requirement for a
quantitative analysis of the number concentration.

The processed scattering curves were analyzed
according to 1ISO 23484:2023 (5) using the automated
calculation feature in SAXSanalysis. Data was converted
to absolute units and fitted with a model-free distribution
of spheres, considering the scattering length density
contrast of gold in water. Subsequently, the size
distribution in number units, i.e. number concentration of
particles as function of size, as well as the total
concentration, are determined. The scattering curves of
the dispersions - with the respective fits — are shown in
Figure 2. Thanks to the high X-ray intensity, optimized
design and sensitivity of the SAXSpoint 700 instrument,
even the lowest concentrated dispersion (1000-fold
dilution) produced a sufficient signal for analysis.
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Figure 2: Background-corrected SAXS profiles of gold nanoparticle
dispersions (concentrated and diluted, 1:5 to 1:1000). Both the ex-
perimental scattering curves and the corresponding fits are shown.
The absolute scattered intensity increases with concentration.
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Results

The analyzed gold nanoparticles have an average
diameter of 31 nm, which is in excellent agreement with
the certified value. The mean number concentration
determined from SAXS (as-received dispersion and
dilutions) is 1.57 x 10" particles per gram. This result
agrees very well with the certified value of the LGC
standard (1.47 x 10" £ 0.28 x 10" particles per gram).

The actual concentrations of the samples as function of
the dilution factor are illustrated in Figure 3. The linear
dependence proves that concentrations determined from
the SAXS measurements are fully consistent with the
ones expected from gravimetric dilution.
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Figure 3: Concentrations of dispersions as function of the dilution
factor (data point at dilution factor 1 represents the original
dispersion’s measured concentration). The linear regression fit (—)
provides a reliable original concentration value, with the small R?
demonstrating robustness across three orders of magnitude.

3 Conclusion

Using SAXS for determining the number concentration of
dispersed nanoparticles offers a significant advantage
over traditional methods, providing a non-destructive,
accurate, and in situ measurement technique. SAXS is
particularly valuable in fields where precise control over
nanoparticle concentration is essential, such as
biomedical applications and materials science. By using
SAXS, researchers can achieve a deeper understanding
and better control of nanoparticle behavior, ultimately
leading to enhanced application outcomes.
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