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Section S1. Calculating the amount of light that escapes the re-entry into the optical fibre upon mirror reflection. 

Light exiting an optical fibre does so at a maximum angle, 𝜃, related as in in Equation (1) to its numerical aperture 

(NA), and 𝑛0 the refractive index of sample solution.  

sin𝜃 =
𝑁𝐴

𝑛0
 (1) 

When reflecting from the dielectric mirror cover slip, some light will not re-enter the fibre, but escape from the cavity. 

The maximum angle at which light can exit the fibre and be returned to the fibre, and thus stay within the cavity is 𝜎 

in Supplementary Figure 1. The radius, 𝑟, of the fibre can be separated into two concentric rings, the inner ring of 

radius 𝜆 where all of the incident (light will be reflected back into the fibre, and thus remain in the cavity. The outer 

ring of width 𝑥 is the light exiting the fibre between the angles 𝜎 and 𝜃, and will not be reflected back into the cavity. 

Assuming a flat intensity profile, the ratio of the areas of the outer ring and the total fibre tip gives the loss of light 

intensity upon every cycle through the cavity, shown in Equation (). 

(
𝜆

𝜆 + 𝑥
)
2

= (
1

2𝑙 tan 𝜃
𝑟

+ 1
)

2

 (2) 

For the 400 µm core diameter optical fibres used in the CEASpec, the calculated light lost with a solution thin film, 𝑙, 

of 5 µm is 1.7% per cycle, and with a film of 20 µm the loss is 6.4% per cavity cycle. Using the real intensity profile 

(Figure 1C), imaged at the fibre tip, and superimposed over the predicted light escape rings a calculated escape rate 

of 0.6% is measured for a 5 µm thin film.  
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Section S2. Supplementary Figures.  

 

Supplementary Figure 1. Ray diagram of light exiting optical fibre. Optical fibre of radius r with a liquid thin film 

thickness, l, measured between the fibre tip and the mirror. The ray at angle θ is the maximum angle at which light 

will exit the fibre. The angle σ is the maximum angle at which light can exit the fibre and be reflected and re-enter the 

fibre. The ratio of the areas corresponding to rays exiting the fibre at these angles correspond to the light losses per 

cavity cycle.  
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Supplementary Figure 2. Spectral characterisation of the light input in CEASpec characterised with a Thorlabs 

CCS100/M spectrometer. 
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Supplementary Figure 3. Transmission curve through the optical cavity of CEASpec as detected by the imaging camera 

in the presence (red) and absence (black) of a 550 nm long pass filter.  

 

 

Supplementary Figure 4. Reflectance values for the dielectric coating deposited on the fibre end, Data provided by S1 

Optics, measurement at 8° angle of incidence of coating on flat optical substrate. 
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Supplementary Figure 5. Reflectance values for the dielectric coating deposited on the UV cover slip. Data provided 

by LAYERTEC GmbH, determined as the inverse of the transmission at 0° angle of incidence. 

 

 

 

Supplementary Figure 6. Determining the concentration at the limit of detection from 4 different optical cavities. 

Resultant limit of detection 22 µM.  


