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Introducfion 

Here we describe  a different, boftom up, approach to precision and control whereby relying on nature 

to ensure alignment of sample and beam, rather than mechanical automafion. Current pracfice is to 

use a top down approach, whereby endeavouring to miniaturise macro methodologies  to ensure 

micro, nano, and/or pico precision with macro concepts. The approach here is to enlist nature to 

ensure precision placement of samples, in our case for interrogafion with Light generated from a 

Synchrotron or an X-ray Free Electron Laser (X-FEL). The methodologies described use acousfics and 

electrostafics to levitate sample for presentafion for X-ray interrogafion. The former system is capable 

of stabilising drops in nanolitre regime and the later  can operate down to the picolitre volume range. 

Both systems are also loaded using acousfics, , a commercial picolitre acousfic dispenser system 

developed by Polypico Ltd. The following secfions will detail the Polypico systems along with the 

acousfic and electrostafic technologies. 

 

Polypico acousfic dispensing systems 

These systems are commercially available and employ piezo technology to aliquot picolitres of sample 

at a fime [1].  A typical minimum volume is 50 picolitres of sample (see figure 1). If greater quanfifies 

are required these systems can dispense at rate up to 50KHz so larger quanfifies can be deposited 

almost instantaneously. It is this funcfionality being used to fill both the acousfic and electrostafic 

sample presentafion systems. The Polypico dispensing system can also be used for direct sample 

delivery for both Synchrotron and XFEL beamlines (see figure 1). They can be triggered on demand to 

be fimed when either an Xray pulse is due or when a detector is ready to receive data. This offers a 

significant advantage over standard techniques where confinuous jefting of sample are employed with 

data being obtained from 1-2% of the sample. 

 

Figure 1 Left, Polypico dispensing heads, Right, Applications of the technology 
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Acousfic levitafion Sample delivery 

Acousfic levitafion based systems offer great advantages over convenfional approaches that rely on 

large robofic systems for manipulafion of samples such as protein crystals which are typically only 50-

200 microns in size. Acousfic levitafion systems are roufinely loaded with samples in the nano-litre 

regime from standard capillary/pump type arrangements. Ongoing research is being carried out to fill 

acousfic traps with smaller and smaller volumes using Polypico technology. The traps offered by 

acousfic levitafion system typically only require a volume of 25-50 nanolitres before the drop 

containing crystals.  Most of the available acousfic levitafion systems used focused transducers that 

operate at 40KHz to produce pockets of low pressure surrounded by high pressure which facilitate the 

suspension of the samplein aor. Such systems include that of Marzo [2] and our current device 

designed by Bordes [3]. These levitators have two ‘domes’ (see figure 2) which contain the same 

number of transducers in  the top and boftom domesand by altering the phase between the 

transducers in each dome, a suspended drop can be moved up or down to process confinuously filled 

traps, or to align a drop with the X-ray beam. The rate limit on collecfing data is dependent on: the rate 

of delivery of the sample to a fully aligned trap;the  fime to extract the data and the fime needed by  

the detector to collect the data. This kind of system also has the very important advantage of the 

sample being at room temperature which facilitates taking fime resolved measurements in real fime. 

A typical fime resolved experiment will see a protein triggered into a conformal change in its structure 

by light or a mixing event for example. Currently these reacfions are made prior to taking 

measurements and their state suspended by cryogenically freezing the sample in liquid nitrogen. There 

is also the potenfial to carry out levitafion of reacfive samples in a nitrogen  environment  and to use 

a helium environment for samples to be interrogated with soft X-rays. 

 

Figure 2 Image of Superlev being aligned on I24 beamline. A bead is being levitated to obtain alignment 

 

Electrostafic levitafion Sample delivery 

The electrostafic levitafion system is another technology developed by Polypico [4]and is suited to 

handling individual microdrops dispensed from a Polypico ejector which have a samples size typically 



in the range of 30-100 pico litres. The electrostafic levitafion system can also receive drops form two 

dispensers for mixing experiments. In simple terms, micro-drops ejected from a Polypico dispenser are 

made to become electrically charged, thereafter the microdrop of sample material can be levitated in 

free space using carefully designed electrostafic (see figure 3). Figure 4 provides an image of a 

prototype electrostafic levitator which can move the sample up and down along a central axis much 

like with the acousfic systems reported above. Once these systems are aligned on a beam line the 

sample will always sit in the same posifion with infinite repeatability. After the X-ray pulse hits the 

sample and data collected, the ionizing affect of the beam causes  the sample to  lose its charge and 

fall from suspension, thus making the trap ready to receive its next sample.  Using such systems, data 

collecfion at an XFEL would be limited by the XFEL pulse rate and the detector rather than by the 

delivery rate. The system shown in figure 4 allows for samples to be captured in an electrostafic trap 

and then  moved to defined locafions , essenfially a virtual conveyor. This development is significant  

as it may be used as a confinuous sample delivery system for fime resolved experiments. A suspended 

reacfion can be interrogated, while the next sample is being prepared downstream. The transit fime 

between the locafion where the sample is prepared and interrogated can be set and used to define 

the reacfion fime / aging fime prior to imaging.  Current methods to mix and age reacfions tend to 

involve  complex macro mechanical systems which require a lot of fime and effort to commission for 

beam fime. However, electrostafic systems are much simpler to operate and once aligned will provide 

confinuous precise alignment in space and in fime. 

 

Figure 3 Left the electrostafic system set up on a beam line Right a 50 picolitre  microdrop held in 

suspension by an electrostafic levitator. 

 

 

Figure 4 showing an electrostafic system that can move suspended drops or parficles along an axis, a 

virtual conveyor. 



 

 

Conclusions 

The technologies discussed herein offer great potenfial for the generafion of discrete volumes of 

sample material and its  precise delivery to the beam both in terms of spafial posifion and in the fime 

domain. Handling samples electrostafically in free space, with no shadowing, presents many 

advantages over tradifional  macro methodologies for sample presentafion.. Often tradifional sample 

delivery systems take considerable amounts of fime to setup, while this setup fimes take from valuable 

beam fime that could be used for data collecfion. Experiments using soft X-rays, where the sample 

environments is under vacuum at first glance may appear more challenging. However, often helium 

environments are used as an approximafion of a low vacuum., Future research is needed to determine 

if  acousfic systems  can operate in helium environments and be applicable also in soft X-ray 

applicafions. This work outlined here showcases three methodologies that demonstrate how boftom 

up approaches can be employed to achieve precision in terms of posifioning and in terms of fiming for 

sample delivery.  
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