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Abstract: We demonstrate evanescent-wave sensing of Cy5-DNA-molecules in an aqueous 
solution using a photonic crystal fiber. Less than 0.8pL sample volume placed in the holes of the 
fiber is sufficient for reliable detection. 
02002 Optical Society of America 
OCIS codes: (000.0000) General 

1. Introduction 
Since the advent of silica based Photonic Crystal Fibers (PCF) several unique properties have been demonstrated 
and utilized. Endlessly single-mode guidance [ 11, and a high degree of freedom in the design of the dispersion 
propelties of the fiber [ 2 ] ,  are some of the properties, which make PCF's an interesting alternative to standard optical 
fibers. Recently an interest in using the holey structure of the PCF for sensing purposes has arisen [3]. The 
penetration of the optical field into the air-filled holes can be quite signdicant 141, and the fraction of the light 
propagating in the holes is even hgher when the holes are filled with a liquid. The overlap between the optical field 
and the liquid is still lower than in conventional spectroscopy, but the long intemction length obtained when using a 
PCF based device compensates this. The small volumes required to fill tens of centimeters of fiber thus makes a 
PCF-device an interesting new solution when ultra small sample volumes are available. We have used a PCF with a 
large air-filling factor (Fig. 1) for evanescent-wave sensing of an aqueous solution of Cy5-DNA molecules. 

Fig. 1 Cross section of the photonic crystal fiber used Ibr the evanescent wave sensor. The diameter of the microstructured 
part of the fiber is 7 9 ~ ~  

2. Experimental 
Using capillaq forces 17cm of the fiber was filled with a 25pM solution of Cy5-DNA. The molecule is higlily 
fluorescent and the filling of the fiber was monitored by epiflourescence microscopy (Fig 2). Light propagating in 
the liquid filled fiber is primarily guided in the silica structures throughout the microstructured cladding. The 
smallness of these structures forces a large percentage of the light to penetrate into the liquid, thus providing a 
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Fig. 2. A picture of the fluorescence from the PCF filled with a 25 pM 95-DNA solution. 

strong interaction between the light and the molecules in the liquid. This makes the hollow-core PCF used in this 
study superior to those microstructured fibers, where a large majority of the guided light is propagating in a solid 
silica core. Cy5-DNA abso&s strongly around 650mq tllereby making detection possible by monitoring the 
transmission spectrum of white light propagating through the fiber. Whte light was launched into the fiber using a 
microscope objective. The transmitted power was measured with an Ando optical spectmm analyzer (AQ-63 15A) at 
a resolution of lnm. 

3. Results and discussion 
Transmission spectra were measured for a PCF filled with an aqueous solution of Cy5 and a reference fiber filled 
with pure water. From the transmission spectra the absorption spectmm was derived. A comparison between the 
absorption spectra of the Cy5 solution and the reference is seen in Fig 3 

I I 
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Fig. 3. The measured absorption spectrum of the Cy5 solution compared with the reference fiber. The insert shows a 

measurement of the Cy5 absorption spectrum using a conventiond spectrometer. 

Given the size of the PCF it is evident that the volume of the liquid is below O.SpL, which is a very small volume in 
senior applications. Still the absorption spectrum clearly shows that the device is capable of detecting the presence 
of Cy5 in the solution. 

4.Conclusion 
We have demonstrated the use of a photonic crystal fiber as an evanescent-wave sensor for the detection of 
biomolecules in an aqueous solution. Based on our measurements we conclude that the fiber used in our work is 
lughly suitable for sensing the presence of a given molecule in a vay small sample volume. 
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