MULTIPLE SAMPLE FLUORESCENCE SPECTROSCOPY
USING A SIDE ILLUMINATED OPTICAL FIBER
Introduction
Fluorescence spectroscopy is an important tool in the analytical laboratory. It can be used in conjunction with fluorescent dyes, sensitive to a given chemical species, to determine the dye’s
spectral signature and the concentration of these species in almost any medium. When these two
techniques are combined with a side illuminated optical fiber, the result is a powerful, and yet
low cost, device capable of multiple point sensing along the fiber with a single detection system.
In this application note, we focus on the determination of chloride ions in water and concrete
samples, along several sensing points of an optical fiber.
Background
The first fluorescent side illuminated optical fiber sensor was reported by a group of AT&T Bell
Lab researchers in 19891 who described a fluorescent cladding sensor sensitive to molecular oxygen. Soon afterwards, in 19902-7, this author started working on this field and, in the process,
reduced this technology to practice while discovering and patenting several other configurations
of this sensor.
Unlike axial illumination, side illumination may use several light sources along the fiber length
to generate multiple signals (see Fig. 1a and 1b). This allows the probing of the optical fiber at
different positions along its length using simple switching techniques while, at the same time,
increasing the fiber’s signal, sensitivity and its measurement redundancy.

Figure 1a. Light source #3 probing a fluorescent cladding optical fiber and its associated fiber section.

Figure 1b. Light source #3 probing a fluorescent cladding optical fiber and its associated fiber section.

In this note we describe how this technique can be used with an Ocean Optics USB-2000 minispectrometer, to determine the concentration of chloride ions.
Experimental Setup and Results
The setup used in this application is illustrated in Figs. 2a and 2b. It consists of
1. An optical fiber coated with a fluorescent indicator sensitive to chloride ions.
2. Three UV LEDs with peak wavelength at 370 nm (each LED illuminating its corresponding sensing point on the fiber).
3. A multichannel LED driver and
4. An Ocean Optics USB-2000 mini spectrometer.
Fig. 2b shows the fiber mounted over an LED support.

Figure 2a. Setup diagram illustrating the fluorescent
coated optical fiber, the three LEDs, the multi-channel
LED driver and the USB-2000 (not in scale).

Figure 2b. Actual picture of the whole system illustrated in Fig. 2a.

The spectral distribution of the fluorescent dye of each sensing point is shown in Fig. 3a. This
illustration shows the spectrum of the fiber when each point is illuminated separately by its corresponding LED. The further the illuminated spot is from the spectrometer, the lower the resulting signal. In this illustration, coating 1 is the one closest to the fiber tip that is connected to the
spectrometer. The first peak from the left to the right corresponds to the spectral output of the
UV LED, with peak wavelength at 370 nm. In this case, it can be seen that the UV light is not
completely absorbed by the dye and still survives propagation towards the detector. The second
band in Fig. 3b corresponds to the actual fluorescent signal from the fluorescent dye: this is the
signal that is used to determine the concentration of chloride ions. This result clearly illustrates
one of the major advantages of this technique: that of allowing the measurement of multiple
points, or samples, along the fiber with a single detection system.

Fig. 3a. Spectral curves of the first, second and third
sensing points of the fluorescent cladded optical fiber.

Fig. 3b. Spectral curves of the first, second and third
sensing points of the fluorescent cladded optical fiber.

This setup was then used to obtain a calibration curve of the sensor in terms of chloride ion concentration (see Fig. 3b). At this stage, six sodium chloride salt solutions, of different concentrations, were prepared. A small container was then installed around the optical fiber sensing point,
into which the calibrating solutions were poured while fluorescence intensity measurements were
made. It can be clearly seen that the data is linear and decreases with the concentration of chloride ions, the so-called phenomenon of fluorescence quenching.
In the next step, the optical fiber sensor was embedded into a cylindrical sample of concrete (Fig.
4a), which was subjected to salt water intrusion at its top, and the fluorescence intensity was

monitored during a period of 90 hours (see Fig. 4b). Notice that the fluorescent signal increases
in the time interval 20h<t<50h corresponding to the period when clear water reaches one of the
sensing points of the fiber. Conversely, the decrease in signal at t > 50 h, corresponds to the period when salt water reaches the same point.

Fig. 4a. Optical fiber embedded in a cylindrical concrete sample.

Fig. 3b. Fluorescence intensity against time for the chloride ions
fiber sensor while embedded in concrete.

Conclusions
We demonstrated that multiple point fluorescence spectroscopy can be performed with a side illuminated
optical fiber. This technique was then to the measurement of chloride ion concentration in water and concrete samples. This is a very inexpensive and flexible technique that can be used towards a multitude of
measurements using Ocean Optics mini spectrometers as the detection system.
In future notes, we will describe other applications that use absorption, scattering, index of refraction
measurements, how to perform simultaneous measurements with this device and a multiplexed spectrometric system that is capable of reading the signal from multiple cuvettes with a single spectrometer.
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