
COSTING
Example price of each 
component, neglecting the 
laser, along with the 
quantity used per lens.

The highest price for 
toluene is reported. If the 
toluene is acquired 
exploiting bulk-buying 
discount, the price for the 
imaging lens drops to 
£0.08.

Many of the components, 
however, are very common 
to research or teaching 
labs and could be found or 
borrowed.

ILLUMINATION
Provided by shining a lamp into foam 
packaging to produce diffuse light, it was 
sufficient to illuminate the sample without 
saturating the camera. Any sufficiently bright 
lamp can be used. Bike lamps, torches and 
camera flash from mobile phone were 
all successfully tested.

Low-cost optical manipulation using hanging droplets of PDMS

ABSTRACT
We propose and demonstrate a low-cost optical micromanipulation system that makes use of simple microfabricated components coupled to a smartphone camera for 
imaging. Layering hanging droplets of polydimethylsiloxane (PDMS) on microscope coverslips [1], and curing with a 100 W bulb, creates lenses capable of optical 
trapping. Optically trapped 3.93 μm silica beads were imaged with a second hanging droplet lens, doped with 1400 μg mL-1 Sudan II dye. Through doping, a lens with 
an integrated long-pass filter that effectively blocks the 532 nm trapping light was produced [2]. Illumination was provided by shining a lamp into polystyrene foam 
packaging, perpendicular to the imaging path, producing a diffuse light source. Neglecting the cost of the laser, which could be replaced by a laser pointer or other low 
cost alternative, our system can be constructed for approx. £23.23 ($36.35). We observed two dimensional trapping and report a Q value of ≈ 8.9 x 10-3. 
The techniques here are an addition to the growing body of work on low cost and adaptable microfluidics [3].
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TRAPPING
(a) Airy disk produced by PDMS droplet lens, 
     imaged with Mitutoyo 0.55 NA 100x long 
     working distance objective.

(b) Line profile through the centre of the 
      Airy disk. 

(c) 3.93 μm silica bead (in focus) trapped 
     with clear PDMS drip lens, imaged with 
     Mitutoyo 0.55 NA 100x objective.

(d) Using a PDMS drip lens to trap a 3.93 μm 
      bead with 58.48 ± 0.08 mW gave a 
      Q value of 0.0089 ± 0.0001.

(e) Min trap power of 34.0 ± 0.4 mW for 
      drip lens.

LENS FABRICATION
PDMS monomer and hardener were mixed at a ratio of 10 : 1 v/v and then placed in a vacuum desiccator until all 
bubbles were removed. Single drops (< 100 μL) of PDMS were allowed to fall from a 1 mL syringe onto a 
microscope coverslip. 
Steps (b) and (c) were repeated 4 times.

Droplet of 
PDMS 
deposited on 
microscope 
coverslip.

Coverslip inverted 
and  suspended 
above tinfoil. 100 W 
incandescent light 
bulb used to cure 
PDMS.

Additional 
droplet of 
PDMS 
deposited on 
top of the 
cured drop.

Fabricated droplet 
lens used for 
trapping.

Imaging droplet lens. 
PDMS was doped with 
Sudan II dye prior to 
molding.

Schematic of how 
lenses were 
measured.

(f)

COMBINED LONG PASS FILTER AND IMAGING LENS
14 mg of Sudan II dye was first dissolved in approx. 1 mL of 
toluene. It was then added to premixed PDMS monomer and 
hardener, ratio 10 : 1 v/v, to give a dye-loading of 1400 μg mL-1.

Samsung Galaxy S3 Mini smartphone 
was used for imaging. However, the 
vast majority of smartphone models 
are suitable for use with our system. 
Exploiting the camera’s 4x digital zoom 
and macro photography autofocus, 
each pixel was found to correspond to 
0.22 ± 0.1 μm.

LENS IMAGING

Optically trapped 3.93 μm silica bead 
(circled in white) moving between two 
untrapped reference beads (circled in 
black). Bead was trapped with a clear 
PDMS droplet lens and imaged with a 
Sudan II doped PDMS droplet lens 
attached to a smartphone camera.

CONCLUSION
The optical manipulation system presented here can be fabricated with very little optical experience and 
at a very low cost. Although not suitable for high precision work, qualitative measurements and trial 
experiments can be easily performed. Due to the low trapping power required, a laser pointer with 
sufficient output beam quality could be used as the trapping source, this significantly lowering the cost 
of the overall system and allowing its use in schools or university research labs without access to 
significant resources. This would also make an excellent undergraduate lab project in which all 
components of the optical system can be made from scratch.
The addition of Sudan II dye creates an imaging lens with an integrated long pass filter suitable for 
fluorescence detection. Integration with other microfluidic systems to create simple optofluidic devices 
should, therefore, be straightforward. This work, therefore, contributes to the  burgeoning field of 
disposable, point-of-care diagnostic devices by allowing for the simple incorporation of optical trapping, 
fluorescence microscopy techniques and microfluidics.An obvious extension to this work is to 3D print 
the microscope structure, with the methodology presented here a precursor for the full 3D printing of an 
optical trapping system. We are currently investigating such a system. This will be better engineered 
than our device, would therefore be much higher precision, all incorporated onto the camera of a mobile 
phone. 
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==========================================

 0.56mg SUDAN II DYE..............£ 0.0005
86.00mg PDMS......................£ 0.03
 1.00ml TOLUENE...................£ 0.20
      1 COVERSLIP.................£ 0.03 

==========================================
Following components can be found in 
the lab/house and supplied by end user
==========================================
1 SMARTPHONE......................end user
1 100W BULB.......................end user
# ILLUMINATION...........any bright source
# FOAM PACKAGING..................£ 0.02

SUBTOTAL
 * 1xTRAPPING LENS................£ 0.06
 * 1xIMAGING LENS.................£ 0.26

==========================================
Additional optics for the trapping system
==========================================
50:50 THORLABS BEAM SPLITTER......£23.08

==========================================

     .............................

            * THANK YOU * 

LOW-COST OPTICAL TRAPPING

TOTAL                             £23.42


