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In carrying out investigational analyses to identify materials, the biggest challenge is often sample 

preparation.  In cases of contaminants found during manufacturing or by a consumer, the amount of 

material available for analysis may be very small, requiring isolation of one or a few particles, or a 

barely visible solid suspension in a liquid matrix.  Representative samples must be isolated and 

transferred between different substrates for analysis using multiple techniques, including light 

microscopy, infrared spectroscopy, and scanning or transmission electron microscopy (SEM or TEM).    

 

A variety of methodologies and specialized tools have been developed for manual isolation and 

mounting of single particles and small amounts of filtered solids.  Fine tungsten needles, eyelash brushes 

and micropipettes can be used to pick up and transfer particulate.  Adhesives such as collodion 

(cellulose nitrate) are often employed in the process, and this may necessitate washing with a small 

amount of solvent to remove adhesive that might interfere with subsequent analyses.  These operations 

are carried out using a polarizing light microscope (100-500X magnification range) to locate small 

features, and a stereomicroscope (7-90X magnification range) that provides enough room between the 

objective and the stage to work with various hand-held tools. 

 

Isolation of thin flakes and residues that have been captured on filters can be particularly challenging.  

These samples are often thin enough to be electron transparent, making them good candidates for TEM 

analysis.  However, they prove difficult to remove from filters for transfer to TEM grids, and it is 

common for filters to be mounted directly on SEM substrates, a less suitable analytical approach for 

these very thin samples [1]. 

 

Development of the manual skills required for particle isolation takes a significant amount of training, 

and even the most experienced microscopist is constrained by the upper magnification limits of the 

polarizing light microscope and stereomicroscope.  It has been shown that a micromanipulator system 

integrated with a light microscope can extend the capabilities of manual methods of particle isolation. 

 

The EXpressLO™ system consists of a single objective parfocal microscope with a 75-3000X zoom 

magnification range, a computer-controlled motorized stage and hydraulic micromanipulators [2].  

Though originally optimized for ex situ lift-out (EXLO) of focused ion beam (FIB) milled specimens, it 

has been shown that the system can be used for pick-up and transfer of small particles, using similar 

techniques [3,4].  Small particle manipulation utilizes Van der Waals forces, potentially eliminating the 

need for adhesives, and particles can be transferred to any type of substrate. 

 

The system has also been used to scrape glass delamination flakes from the surface of a polycarbonate 

filter and transfer them to a carbon-coated TEM grid and a slotted grid designed to support FIB milled 

specimens.  This is the first demonstration of use of the system for scraping to isolate and transfer 

particulate, a methodology that shows potential for manipulation of other thin film materials such as 



graphene.  Figure 1(a) shows a glass delamination flake on the tip of a glass micromanipulator needle.  

Figure 1(b) shows a flake placed across the slot of an EXpressLO™ grid. 

 

Figure 2 shows images of glass delamination particulate on the slotted grid, analysed in a 300kV 

materials science TEM.  Energy dispersive X-ray spectrometry and selected area electron diffraction 

results were also obtained, and electron energy loss spectroscopy was used to estimate sample thickness. 

 

Use of a micromanipulator system to augment traditional manual methods of particulate isolation and 

transfer has been demonstrated, and development of additional applications is planned. 
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Figure 1.  EXpressLO™ system light micrographs.  (a) Glass delamination flake on tip of glass 

micromanipulator needle.  (b) Flake placed across slot in EXpressLO™ grid.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  TEM bright field images.  (a)  Glass delamination flake supported on EXpressLO™ slotted 

grid.  (b)  Typical porous texture of glass delamination particulate. 
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