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ABSTRACT  

In this paper, we report on our study of UV-VIS absorption spectroscopy in suspended-core optical fibres (SCFs) filled 

with organic-dye solutions. We compare two different dye classes, the anionic dye – bromophenol blue sodium salt (BB) 

and cationic dye – oxazine 725 perchlorate (OX). While the results obtained with BB are in a good agreement with 

the spectra measured in a standard reference cuvette, those obtained with OX are different and reveal much stronger 

absorption of light than in cuvettes. This stronger absorption indicates accumulation of the dye molecules on the short 

section of the core close to the end of the fibre. This observation demonstrates difference in physicochemical properties 

of the two dye classes and is important for the development of chemical sensors based on SCFs. 
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1. INTRODUCTION 

Microstructured optical fibres (MOFs) have recently gained a great interest due to their unique optical properties (high 

numerical aperture [1], large birefringence [2], single-mode guidance [3], etc.) and hence potential for various 

applications. A particular class of MOFs are glass-air fibres, which are appealing in optofluidics for biological 

and chemical sensing [4, 5]; a unique structural feature of the fibres is an existence of air channels that may be filled with 

a foreign medium, e.g., gas or liquid. It provides a new architecture for experiments requiring efficient light-medium 

interaction. Moreover, the fibres allow for reduction of a volume of filling sample to tens or hundreds of nanoliters 

(depending on the fibre geometry and length). Finally, since optical fibre pieces typically used for such applications are 

much longer than standard cuvettes, the sensitivity of such absorption measurements is significantly enhanced. 

Among different MOF geometries, the suspended-core optical fibres (SCFs) are particularly promising for spectroscopic 

measurements. A SCF possesses a small solid core (typically on an order of a micrometer) suspended on three thin 

(<100 nm) but long (>10 µm) struts [see Figure 1(a)]. This geometry results in appearance of three channels surrounding 

that core, which, due to their dimensions (tens of micrometers in a diameter), may be easily filled with foreign media. 

In SCFs light propagates based on the modified total internal reflection, i.e., mechanism similar to the one responsible 

for light guidance in conventional optical fibres. Due to a small core size, a significant fraction of light penetrates 

to the cladding channels and in a form of an evanescent field may interact with a fibre-filling medium. Amount of light 

present in the channels depends on the core diameter, wavelength of light, and refractive indices of core and channel-

filling materials. Under normal condition, i.e., with no foreign medium, less than 10% of total light power is present 

in the channels. For SCFs filled with liquids it may rise up to 30% [6, 7, 8]. In contrary to photonic bandgap fibres, 

in these fibres dimensions and shapes of the air channels do not directly affect the propagation mechanisms, so the fibres 

may be tailored to specific applications. For instance, exposed SCFs, i.e., the fibres where cladding channels are opened 

to environment via cladding, allow for easier channels filling and distributed sensing [9]. 

Spectroscopic studies using SCFs require good understanding of the physicochemical processes that occur 

at the interface between glass and fibre-filling material. This is crucial since such processes as surface tensions, surface 

chemical reactions, and adsorption may affect light propagation or cause fibre-filling issues. Their role in spectroscopic 

measurements is even more important. In the case, the processes may result in significant distortions of quantitative 

measures of the substance(s) filling the fibre. It is particularly serious problem in SCFs, where all spectroscopic signals 

originate from the close-to-the-surface interaction of light and filling material. 
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In this paper, we describe our studies on absorption of light in various classes of organic-dye solutions introduced into 

fused-silica SCFs. The research is closely related to our previous work [10], where the absorption of light in SCFs filled 

with an aqueous solution of oxazine 725 perchlorate (OX) was studied. In that work, it was showed that OX ions 

accumulate along the channels walls. These results motivated our present experiment, where the anionic bromophenol 

blue sodium salt (BB) dye is used. This salt possesses different physicochemical properties than OX, which have 

important consequences. By investigating absorption spectra on various dyes and fibre parameters we demonstrate that 

the surface reactions vary for different compounds, solvents and chemical compositions of the fibre glass. The study is 

an important step toward understanding the processes occurring in liquid-filled SCFs, which is crucial for future 

applications of SCFs for chemical and biological sensing.  

 

  

Figure 1. (a) The scanning-electron micrograph image of the SCF used in the experiment. The core diameter is ~1.2 m and the hole 

size 34.9 m x 22.5 m.  (b) The camera-beam-profiler image of intensity of light departing the fibre with white light source. The 

colour scale reflects intensity of light with white being the highest, and blue the lowest intensity. Illuminating whole fibre face resulted 

in excitation of additional cladding modes, which due to not-too-long length of the fibre were not irradiated. 

2. EXPERIMENT 

The experimental setup used for measuring absorption of light in a liquid-filled SCF is shown in Figure 2(a). 

For the measurements, the SCFs made of fused-silica glass with a core diameter of about 1.2 µm were used 

[The electron-microscope micrograph of the fibre is shown in Figure 1(a)]. The SCFs were filled with water solution 

of the bromophenol blue sodium salt (BB): 3′,3′′,5′,5′′-tetrabromophenolsulfophthalein sodium salt [Chemical 

compositions of BB, as well as, OX that was used in our previous work [10], are presented in Figures 2(b) and 2(c)]. 

This organic compound has an ionic structure and it dissociates in water. The fibres were illuminated with light emitted 

from a halogen lamp of the 500-1000-nm spectral range. Figure 1(b) presents intensity distribution of light departing not-

too-long fibre). To improve the beam quality we placed an additional 1000 µm conventional fibre. We used 60x 

microscope objectives to couple and decouple light from the fibre. The spectrum of light transmitted through the fibre 

was measured with a spectrometer operating in a spectral range of 300-1100-nm with a resolution of 2.4 nm. 

All measurements were performed according to the following scheme. First, the fibre was stripped, cleaved and fixed 

in the holders. For the measurements, 20-cm long fibre pieces were used. Light was coupled into the fibre and reference 

absorption spectrum of the unfilled fibre was measured. Then, one facet of the fibre was dipped into the BB solution 

for about 20 minutes and the liquid was pulled into the fibre using capillary forces. Next, the fibre was realigned 

and the spectrum was recorded. At the end of every measurement, the fibre was inspected with a microscope to check 

if its entire length was filled with liquid. 

Since the evanescent wave is strongly spatially confined, only a small fraction of light penetrates into the liquid-filled 

channels and can interact with the medium in the filled SCF. Thus, it is expected that the absorption spectrum obtained 

for a filled fibre is the same as in a typical 1-cm long cuvette but multiplied by a light-medium overlap factor 

and the fibre length. This can be expressed by the equation [6]: 
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where I0 and I are the absorption signals recorded with empty and filled fibres, respectively, cm is the molar concentration 

of the solution,  is the absorption coefficient, L is the fibre length,  is a function describing amount of overlap 

between the air channels of the fibre and light, while  is the wavelength. Figure 3 shows a comparison of the spectrum 

measured in the SCF and the spectrum measured in the cuvette for both dyes.  

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 2. (a) Layout of the experimental setup used for measuring the absorption spectrum of solvent filling SCF. The chemical 

formulae of (b) bromophenol blue sodium salt (BB) and (c) oxazine 725 perchlorate (OX). 

 

It was shown in Ref. [10] that cutting off a short piece (a few millimetres) of the fibre from the end that was dipped 

in the OX solution resulted in disappearance of OX absorption. It demonstrated that dye molecules bond fused-silica 

glass in small part of the fibre that was dipped in the liquid and the remaining length of the fibre is filled only with 

the solvent. Moreover, high absorbance suggests that the local concentration of the solution may be much higher than 

the molar concentration of the solution used for filling, thus some kind of accumulation of the OX molecules must take 

place. 

 

 

Figure 3 Normalized absorbance (A/L) of aqueous solution of (a) BB and (b) OX measured inside SCF (solid line) and 1-cm cuvette 

(dashed line). The concentrations of BB and OX in water were 10 M and 0.2 µM, respectively. 
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The results obtained with the SCF filled with the BB water solutions show different behaviour. As predicted, absorption 

in the fibre is smaller than in the cuvette of the same length due to the smaller medium-light overlap. To check if there is 

no accumulation of dye molecules close to the fibre dipped end, we performed the same measurement as with the OX-

filled fibres. After cutting off small pieces of the fibre, the absorption spectrum is still visible [Figure 4(a)], which proves 

that BB does not accumulate in a first few millimetres of the fibre. The difference in behaviours of BB- and OX-filled 

fibres indicates that it originates from the chemical structure of the compound used for filling. 

Additionally, we measured absorption spectra while changing the molar concentration of the BB solution used for SCF 

filling. Results are presented in Figure 4(b). The relation between the normalized absorbance (A()/L) and the dye 

concentration is linear which enables quantitative and qualitative interpretation of the measurements. 

 

 

Figure 4 Normalized absorbance of BB filling SCF for (a) different lengths of the fibre (the same piece of the fibre, cleaved several 

times) and (b) different concentrations of BB aqueous solution. 

3. CONCLUSIONS 

In this paper we presented a series of absorption spectra of SCF filled with the bromophenol blue sodium salt (BB) 

anionic dye solutions. The results are compared with our previous measurements obtained for SCF filled with 

the oxazine 725 perchlorate cationic solutions. As showed, the previously observed effect of accumulation of the OX 

molecules on the fibre-glass walls is not present in BB solutions. While it still remains to be explained whether 

the measured spectra stem only from the light-medium interactions or are caused by some additional physicochemical 

processes, the difference between the OX and BB cases indicates the important role of physicochemical processes taking 

place in the SCFs.  As demonstrated, the amplitudes of specific absorption spectra lines change linearly with the solution 

concentrations, which opens SCFs applicability in quantitative concentration measurements of liquids filling the fibres. 
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