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Abstract: We present an all-polymer optical fiber sensor for the measurement of dissolved 
oxygen. The sensing matrix containing oxygen-sensitive PtOEP, is of the same polymer as
the optical fiber core, leading to increased robustness. 

OCIS codes: 000.1570 (Chemistry), 060.2290 (Fiber materials), 060.2370 (Fiber optics sensors), 130.5460 (Poly-
mer waveguides), 160.5470 (Polymers)

1. Introduction

POF Sensors with their distal end functionalized for sensing, have been around since the early years of fiber
optical sensing. In 1080, Petersen et al. [1] demonstrated a fiber optical pH probe. The probe worked by having a
chamber, with an indicator dye, bonded to the end of the optical fiber. Oxygen has also been sensed by way of the
principle. In 1984, Peterson & Fitzgerald [2] demonstrates an oxygen partial pressure sensor. The sensors work
by the principle of fluorescence quenching by oxygen and has, as with the pH-sensor, a compartment at the end of
the fiber containing the sensitive compounds.

In 1988, Lippitsch et al. [3] presented the development of a fiber-optic oxygen sensor utilizing the principle of
measuring the photoluminescence decay time of a oxygen-sensitive species. The measurement was performed us-
ing modulated excitation light at 460 nm and measured the phase delay of the 610 nm emission from the ruthenium
complex used.

We present a polymer optical fiber sensor for oxygen using phase-fluorimetry, in which the sensing matrix at the
distal end of the fiber is of the same polymeric material (PMMA) as the fiber core. When the sensing gel/matrix
is applied to the fiber end, the solvent in the gel will partly dissolve the core material, and the two phases (sensing
matrix and core) will entangle to provide a strong tack between the matrix and fiber. This will result in an increased
robustness compared to a situation in which the materials are different.

2. Sensor Fabrication

The sensor is based on having a matrix of poly-methylmethacrylate (PMMA) containing the oxygen-sensitive,
photoluminescent probe Platinum-octaethylporphyrin (PtOEP). PtOEP is a phosphorescent probe with an emission
peak at 649 nm. The concept for the sensor is depicted in fig. 1.

Fig. 1. Concept for the fiber-optical sensor. The end-surface of the fiber is coated with a thin layer
of polymer containing the oxygen-sensitive PtOEP. Excitation light will travel through the fiber
and interact with the sensing matrix. Photoluminescence emission and reflected excitation light will
return through the fiber, and can be separate by suitable filtering.

Light from a blue LED (emission peak 470 nm) is coupled into an optical fiber splitter. The excitation light
travels through the splitter and into the sample fiber, where it interacts with the sensing matrix at the distal end of
the fiber.
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2.1. Materials and Equipment

Polymer Optical Fiber is a 1 mm PMMA core fiber with fluorinated polymer cladding (ESKA CK-40). The milling
of the fiber was performed using a Proxxon MICRO Mill MF 70. Photoluminescence spectra were measured using
an Ocean Optics HR-2000 spectrometer.

Chemicals used are acetone and trichloroethylene, for creating a mixed solvent for PMMA. The photolumines-
cent compound used was PtOEP (Platinum Octaethylporphyrin) and was acquired from Sigma Aldritch.

2.2. Solvent Mixture for Gel

The solvent for PMMA used is a 1:3 mixture of acetone and trichloroethylene. This mixture was found by con-
sidering the Hansen Solubility Parameters [4] (HSP) for PMMA as well as for PtOEP. Using HSP, it is possible
to determine solubility of a polymer (and pigment) by considering a 3-dimensional space. We refer to the HSP
User’s Handbook for more details.

In previous work [5], we have determined the HSP values for PMMA, TOPAS and Zeonex polymers. In this
work, we have extended our previous work by also considering the HSP values for the photoluminescent com-
pound PtOEP. By testing with several solvents, we were able to determine values for the polar, dispersive and
hydrogen-bonding solubility parameters, as well as a solubility radius.

Our hypothesis was that the smaller the distance between the PtOEP HSP values and a given solvent, the better
the solubility of PtOEP in that particular solvent. Using our found data, we looked at the overlap between the
solubility spheres for PMMA and PtOEP in order to determine the range of HSP values that could dissolve both
PMMA and PtOEP.

Fig. 2. HSP spheres for PMMA and PtOEP with the centerpoint of the overlap shown by the orange
dot. The smaller sphere is the solubility sphere of PtOEP and the larger one is for PMMA. Choosing
a solvent in the overlap between the spheres will make sure that both PtOEP and PMMA are soluble
in that paricular solvent (or solvent mixture).

Given the midpoint of the overlap between the two spheres (the smaller on in fig. 2 is PtOEP), we searched for
a mixture of two or more solvents. A mixture of solvents will be a weighted average of the individual HSPs, with
weights given by the volume fractions for each component in the mixture. This way, we could make a search for
a mixture which were as close as possible to the midpoint (the orange point in fig. 2). The best solvent mixture
turned out to be a 1:3 mix of acetone and trichloroethylene.

2.3. Fabrication

The sensing gel is created by dissolving PMMA in the solvent mixture mentioned above. The gel is a 15 % (v/v)
solution of PMMA and solvent. Next, PtOEP is added to the mix in a quantity such that the molar concentration
of PtOEP is 0.77 mM.
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The optical fiber is cleaved and polished on the end surface to leave it flat. Next, the fiber is mounted in a Teflon
block with a 1 mm drilled through. The fiber end-surface is placed approximately 1 mm below the surface of the
Teflon block.

The resulting free volume is filled with the gel mixture. The mixture is left to dry and will shrink to approx-
imately 150 µm as the solvent dries. After this initial drying, the fiber is removed from the mount and left for
another 24 hours before being used in measurements.

An example of a fiber made by this process is shown in fig. 3.

Fig. 3. A fiber with the sensing matrix on the tip. The coated layer is on the order of 150 µm. A
think layer will give better response times, as the oxygen and more quickly equilibrate between the
environment and sensing matrix.

3. Results

The experiment conducted is a time-constant determination. For the experiment, the fiber was first placed in a
beaker with water which had been bubbled thoroughly by nitrogen in order to remove the oxygen. The fiber is
kept in the beaker until the phase no longer changes. It is then removed from the beaker and moved into a beaker
with water, which has been bubbled with atmospheric air. The actual oxygen concentrations are unknown, but are
known to be different. Moving the fiber from one beaker to the other will subject the system to a step-response.

The results of this experiment is shown in fig. 4. The phase shift decreases as the oxygen-concentration inside
the sensing matrix increases. This is due to the fact that the PtOEP phosphorescence is quenched by the Oxygen
and allows the excited species to return faster to the ground state.

Fig. 4. Results of the experiment. The phase drops as the concentration of oxygen inside the sensing
matrix increases. The black dashed line is an exponential fit of the data with a time-constant of
4.3 min.
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The time-constant is determined by the fitting of an exponential function of the form

θ(t) = A−B(1− e−t/τ) (1)

Here A is the initial value of the phase and B is the step that would occur after a long time. The time-constant is τ .
By fitting, the values were determined as for A = 115.382, B = 9.625 and τ = 4.3.

The time-constant has to be seen in reference with the time-constants of the environment in which the sensor is
to be used. In fish farms, the oxygen concentration does not change in a step-wise fashion as in this experiment.
If the time-constants of oxygen concentration change is slower than the time-constant of the sensor, it sensor can
track the system well.

4. Conclusion

We have presented an all-polymer fiber optical sensor design with a sensing-matrix fabrication procedure design
for increasing the concentration of the photoluminescent compound (PtOEP). Using this approach, we have been
able to create a PMMA coating with a thickness of approximately 150 µm, and a resulting time-constant for the
system of 4.3 min.

In future work, the thickness can be reduced further, in order to reduce the time-constant for the system. The
approach for finding optimal solvent mixtures for polymer sensing matrices with embedded photoluminescent
compounds, using Hansen Solubility Parameters, can easily be extended to other polymers and photoluminescent
compounds. This work can therefore be used for optimizing the fabrication procedures for other sensors, and not
just fiber-optical dissolved oxygen sensors.
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