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Introduction
Chemical warfare agents are typically distributed as small droplets. They can be absorbed by certain
substrates. Surface washing techniques act by dissolving or chemically inactivating the
decontaminant. During this process, the contaminated area may increase in size as shown in Figure 1.
Our aim is to explore different systems to model these processes in the lab.

Simulants
Fluorescein
Sodium

Methylene Blue Nile Red Rhodamine 6G Ionic Liquid

Solubility Water soluble Water soluble Acetone soluble Water soluble Liquid

Detectability Fluorescence with UV 
lamp (365nm)

No Fluorescence
Absorbs ~700nm light

Fluorescence with UV 
lamp (365nm)

Fluorescence with green 
laser (532nm)

Fluorescence with UV 
lamp (365nm)

Structure

Interaction with substrates 
Silica gel TLC 
plate

Produces a wake when 
washed off with 
water. Dissolves upon 
soaking in water. 
No effect upon 
soaking in acetone.

No effect upon washing or 
soaking with water. 
When soaked in acetone, the 
stain increases in size but only 
dissolves into the acetone to a 
very small extent.

No effect upon washing or 
soaking with water.
Stain dissolves upon 
soaking in acetone.

No effect upon washing or 
soaking with water.
Stain dissolves upon 
soaking in acetone.

Produces a fluorescein 
wake when washed off 
with water.

Buta-Diene 
Rubber

Washed off with only 
coffee rings 
remaining.

Washed off with only coffee 
rings remaining.

Washing with acetone has 
no effect.

Requires washing and 
wiping to remove stain.

Washing with water
leaves a fluorescein 
stain.

PDMS on 
glass

Washes off using 
water with no
requirement for 
wiping. 
Stain spot becomes 
hydrophilic.

Washes off with water only to a 
limited extent, complete 
removal requires wiping.
Stain spot becomes hydrophilic.

Washing with acetone 
removes excess 
contaminant. 
Remainder can be 
removed through 
prolonged soaking in 
acetone.

Water washing has little or 
no effect. 
Remainder can be removed 
through prolonged soaking 
in acetone.

Washes off with water

Absorption test procedure
1. Contaminate substrate with small droplet (<100 µL)
2. Removal of surface contaminants by:

- Washing with water
- Washing/soaking in acetone
- Wiping 

Example results
• Aeqeous Rhodoamine 6G on PDMS slide
• Illumination with line Laser
• Due to internal reflection in the film, intensity fringes

occur. These regions can be used for fluorescence
measurements (right).

• The example used in Figure 3 shows a sample with 5 60
microliter blobs placed onto a slide of PDMS. The
contaminant was allowed to absorb for 6,5,4,3 and 2 h
(top to bottom).

• It is apparent that the flourescence intensity depends
on the absorption time.
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Figure 3: Contaminated
PDMS sample

Graph 1: Intensity analysis of fringe shown in Figure 2. 
From top to bottom: blue, red, green, yellow and black

Next Steps
Calibration

The intensity values shown above are arbitrary
numbers and need to be converted to
concentration values.

We aim to calibrate the technique by making
calibration substrates with known dye
concentration in the film.

Slide Imperfections
All PDMS coated slides have been made within
the department and therefore the thickness of
them cannot be guaranteed between batches.

We aim to measure the slides and take into
account variations in thicknesses when
calculating concentration values.

Illuminate larger area
We will explore the use of an expanded laser beam
to illuminate a larger region.
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Equipment
1 UV lamp (365nm)
2 Camera with 580nm lens filter

3 Camera track

4 Vertical line laser (532nm)

5 Slide Holder

6 Uniform Background
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Figure1: A droplet (red) deposited on surface will absorb into the substrate. During
decontamination, the contaminant contained in the decontamination fluid can re-absorb into
the substrate and increase the hazard.

Quantitative analysis

Decreasing 
absorption time

26mm


