
The usually rather time-consuming hydrothermal or solvothermal processes under conventional heating can be significantly enhanced by rapid heating of the reaction mixtures far beyond their boiling point.
Furthermore, the exact determination of relevant reaction parameters such as temperature and pressure in combination with short reaction times allows tailoring the desired nanomaterials to achieve various
physical and chemical properties. Among the most attractive nano compounds in current research are several metal oxides and phosphates, which are of interest for efficient energy storage systems, as well
as selenium containing quantum dots for manufacturing nanocomposites used in light-emitting diodes or solar cells.

As evidenced in recent research, the beneficial effect of microwave irradiation in general and in the synthesis of nanomaterials in particular can be simply attributed to thermal effects due to higher reaction
temperatures reached in a shorter time [1-3]. 

Since typically the reaction temperatures employed are far beyond the boiling point of the used solvent, the accurate measurement and control of this relevant reaction parameter is required. Modern
microwave instruments usually provide a reliable IR sensor for temperature control, whereas Anton Paar’s Monowave 300 additionally offers an immersing fibre-optic sensor for accurate and immediate
sensing of the internal reaction temperature. This immediate in-situ determination of the key reaction parameter leads to a rapid optimisation of the reaction process and provides an easy way to tailor the
structure and morphology of the desired nanomaterials. Kappe and co-workers evaluated the hydrothermal synthesis of ZnO nanorods and found the exact achievement of the optimum reaction
temperature of 150°C crucial since any higher reaction temperature has a negative effect on the product quality [2]. At 150°C the growth of the nanorods can be nicely controlled by the irradiation time
from 1 to 10 minutes leading to continuously longer rods while the diameter remains constant.

In a related work Kappe’s group optimised the microwave-assisted synthesis of industrially attractive CdSe quantum dots and combined it with size distribution monitoring by small-angle X-ray scattering
(SAXS) [3]. This ground-breaking investigation showed clearly that the electromagnetic field itself has no impact on the tunable synthesis of such monodisperse colloidal nanocrystals. 

As proven by the subsequent SAXS experiments the morphology of the resulting quantum dots can be influenced by the employed cadmium sources, the hold time at the target temperature as well as the
duration of the injection of the stabilising agent. 

In the corresponding example the best results for the microwave-assisted synthesis were achieved at 240°C within an overall process time of less than 20 minutes, which is about only one quarter of the
reaction time required under conventional heating conditions [2].

Small-angle X-ray scattering was used to study the
effects of varying synthesis conditions on the size and
size distribution of the obtained quantum dot
dispersions. The quantum dot samples, dispersed in
Heptane, were filled into a quartz capillary sample
holder and were analysed using Anton Paar's laboratory
SAXS system equipped with a sealed X-ray tube source
(2 kW) and a one-dimensional silicon diode array
detector. Exposure time was varied between 1 and 5
minutes. The solvent Heptane was measured under
identical conditions for background subtraction. 

The obtained scattering patterns were processed in the
SAXSquant program, the pair-distance distribution
functions and size distributions were calculated with the
GIFT program [4]. The obtained results quickly showed
the impact of the synthesis conditions on the size of the
quantum dots as well as if they are mono- or
polydisperse. The size distribution of quantum dots
synthesised under optimised conditions is shown in
Figure 3. It indicates highly monodisperse nanoparticles
with an average radius of approx. 1.7nm.
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Microwave-assisted synthesis was originally developed to enhance standard processes in
organic chemistry and has been successfully used in numerous chemistry disciplines for more
than two decades. In recent years this technology has also attracted considerable interest in
applications related to inorganic chemistry. This non-classical heating source became especially
popular in the synthesis of nanomaterials due to its ability to drastically reduce reaction times.

Small-angle scattering, SAXS for short, is a valuable method for the analysis of nanomaterials.
SAXS provides information on the size and structure of nano-sized materials in the range
from typically 1nm to 200nm. The results obtained by SAXS are representative for an entire
sample and therefore provide important information on the nanomaterial to complement the
information obtained by e.g. electron microscopy, which only produces local, non-
representative information on a small portion of the sample. SAXS is a non-destructive
method and typically requires no sample preparation.
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Figure 1. Microwave synthesis reactor
Monowave 300 with autosampler

Figure 2. SAXSpace small- and wide angle X-ray scattering instrument 

022_023_ILM_JULY_13:Seps Science Article  4/7/13  10:05  Page 1



In summary it could be shown that the combination of two effective, rapid technologies leads to a
significant improvement and speeding up of development and optimisation of nanomaterial synthesis.
Microwave irradiation allows for short synthesis protocols in general and SAXS is a perfect tool to optimise
these synthesis processes since it quickly and precisely determines particle size and size distribution of
intermediates and final products during all stages of the synthesis. Thus, within a few short time experiments
the optimum protocols to beneficially control size and size distribution of the quantum dots and therefore
tailoring its electronic structure could be elaborated. 

Finally, due to the accurate internal temperature measurement, the optimised microwave protocols can be
easily transferred from Monowave 300 to scale-up devices like Anton Paar’s Masterwave BTR to quickly
synthesise significant gram amounts of valuable nanomaterials. Wherever time equals money microwave-
assisted synthesis is a beneficial way to prepare industrially relevant compounds.
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Figure 3. Size distribution of CdSe quantum dots

NanoSight
Making the small 

things count.

Count, Size 
and Visualize 
Nanoparticles 

in Liquid 
Suspension.

NanoSight Ltd
www.nanosight.com

Static Laser Scattering for Particle Size 
Measurements up to 2000µm
The Fritsch ANALYSETTE 22 Laser Particle Sizers are used around the world in production and quality control as well as in research and
development for precise determination of particle sizes. Benefit from its decisive advantages: extremely simple operation, short analysis times and
consistently reproducible and reliable results. And of course getting the best value for your money.

The advantages of the ANALYSETTE 22 models include: measuring range 0.01 – 2000µm; short measuring time; high measurement precision;
consistent reproducibility; reliable comparability; user-friendly operation.

Choose according to your needs: either the ANALYSETTE 22 MicroTec plus – the perfect all-round-laser
with a measuring range of 0.08 – 2000µm for all typical measurement tasks or the ANALYSETTE 22

NanoTec plus, the highend instrument for measurements down to the nano range – for maximum
precision and sensitivity for the smallest particles through the measurement of the backward
scattering in a third laser beam.

Each ANALYSETTE 22 consists of a compact measuring unit that can be quickly and easily
combined with various dispersion units for dry respectively wet measurements. This

allows you to buy only what you need for your applications. Quickly switch between
dispersion units by simply changing the cartridge containing the measuring cell.

The ANALYSETTE 22 completes most measurements in less than a minute. The
instrument is then immediately ready to be used again. Clearly organised results
are visible directly on the screen. Of course, you can also print out or save a
report customised to your needs.

Nanoparticle Tracking Analysis Implemented 
to Characterise Colloids in Water
Inorganic and organic colloids are widespread in aquatic systems, where
they influence many water quality treatment processes.  Until recently
there was a lack of an adequate analysis technique to measure the size
fraction below 1000nm. The research group of Professor Mathias Ernst of
the Institute of Water Resources and Water Supply at the Technical
University Hamburg-Harburg has adopted the use of NanoSight’s NTA
technique to provide new insights into water quality.

PhD student Martin Schulz began his research at the Berlin Centre of
Competence for Water, where he first used NTA to assess different water
treatment processes, in particular looking at particle & colloid removal and
water purification methods. His work focused on membrane filtration
where he encountered the problem of membrane-fouling when colloids
would block the pores of the membrane. Schulz used NTA to predict the
fouling potential of a water sample, thus providing time for the treatment
plant to react with different pre-treatment options.

Schulz described the work of the Institute of Water Resources & Water
Supply at TU-Hamburg-Harburg: “The institute provides professional
support to water companies and our industry partners for the optimisation
of processes, problem solving and innovation. We expect to offer NTA as a support tool to regional water companies who have problems with
particles & colloids in their treatment processes and water distribution systems.”

Other techniques have been applied to this application with mixed success. These include LC-OCD (liquid chromatography-organic carbon
detection) and flow cytometry (using fluorescence markers). NTA has proved to be the ideal complement as it is only by combining all of these
techniques that full characterisation of a water sample over a broad size range can be established.

Speaking of the reasons why he feels NTA is ideal for this work, Schulz said: “NTA is perfect for the concentration range of water and wastewater
samples. It provides reliable size detection in polydisperse samples which occur in almost all natural water samples. The fast and precise detection
of the smallest colloid fraction (< 200nm) is a huge advantage. It also has potential for making on-line measurements. In simple words, we use
NTA as an additional water quality parameter.”
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