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Application Note: Use of Hydrocarbon Resistant (HCR series) Fiber Optic
Oxygen Sensor in Hexyl Tetracyclododecene (HexTD)
Introduction:
Optical oxygen sensors rely on quenching of a phosphorescent indicator by oxygen molecules. .
Typically, with the absorption of light at their absorption maxima, dye molecules exhibit long,
exciting state lifetimes and emit radiation at longer wavelengths (fluorescence or
phosphorescence). The excited state of luminescent dye can be quenched by an energy transfer
mechanism upon collision with oxygen molecules. As a result, the intensity of luminescence is
reduced along with the lifetime and the degree of quenching is proportional to the oxygen
concentration. These sensors are a more efficient alternative to the conventional electrodes due
to their fast response and minimal reactivity with the analyte (no consumption of O 2).

Summary:
Hydrocarbon resistant (HCR) fiber optic oxygen sensor is used to monitor dissolved oxygen
(DO) in Hexyl Tetracyclododecene sample, a Norbornene monomer. The compatibility,
sensitivity and stability of our HCR oxygen sensor are demonstrated when immersed in HexTD
sample.

Experimental Setup:
The experiment was done in a water bath to keep
temperature constant at 24.8C during the
measurement. A DP-HCR-125-BA probe was
directly connected to a DOPO2-FIBER OPTIC
transmitter and fluorescence decay time (tau,
sensor raw signal) was monitored as a function of
time.

Fig 1. Experimental Setup
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Functionality of Sensor in Gas before Exposure to Sample:
In Fig.2, Sensitivity of the sensor before exposure to the sample is tested. A fresh sensor probe is
exposed to dry air (20.9% O2) and Nitrogen gas (0 O2 ) sequentially as shown below. Data was
recorded at the rate of 1 Hz.
Tau(N2)/Tau(air) = 4.23/2.62 ~ 1.6
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Fig 2. Sensor’s Functionality in Gas before Exposure

Compatibility and Sensitivity Test:
In the second step, probe was immersed in the sample. Tau value was changed slightly from
2.62µs to 2.65 µs. Short-term stability was checked by keeping probe in sample for about 40
min. As seen in Fig.3, no change was observed in the tau value. Then nitrogen gas was bubbled
in the sample. Tau value reached 4.13 when equilibrium was achieved. Data was recorded at the
rate 1 Hz and continuous measurement was performed.
Tau(N2)/Tau(air) = 4.13/2.65~ 1.6
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Tau vs. Time after Immersing Probe in Sample
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Fig 3. Sensor’s Sensitivity in Sample after Exposure

Stability of Sensor in Sample over Course of 40 hours:
To check the long –term stability of the sensor, tau value vs. time was recorded over the course
of 40 hours as shown in Fig 4. For the first part of the experiment (~15 hrs), measurement was
done continuously and data was recorded at the rate of 1 Hz. Tau value dropped from 2.62 to
2.53µs. This drop is due to photo-bleaching phenomenon which is inevitable in all fluorescencebased oxygen sensors. An intermittent measurement was performed afterwards, meaning that
LEDs were kept on only for 500 ms and then off for 29500 ms and data was recorded every min.
In this way, LEDs duty cycle was lowered significantly. So tau value stayed constant at ~2.53
during 25 hrs intermittent measurements.
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Fig 4. Sensor’s Stability in Sample
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Sensitivity of Sensor in Gas and Sample after being kept in HexDM for 2 days:
Sensitivity of sensor in gas after being kept in sample for 2 days is depicted in Fig.5.
Tau value in both Nitrogen and dry air gas has dropped compared to the values measured in the
beginning of the experiment before exposure. However, this change has not happened because of
sample, but the photobleaching effect that has caused drop in Tau (N2) from 4.23 to 3.75 and Tau
(air) from 2.62 to 2.49.
Tau(N2)/Tau(air) = 3.75/2.49 ~ 1.5
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Fig 5. Sensor’s Sensitivity in Gas
Sensitivity of sensor in sample after being kept in sample for 2 days is depicted in Fig.6.
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Fig 6. Sensor’s Sensitivity in Sample
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Conclusion:
Our HCR series sensor probe is compatible with Hexyl Tetracyclododecene. No sign of damage,
physical or optical, due to the chemical environment was observed in the probe.
To minimize the phase-shift caused by photo-bleaching, customer has to use intermittent
measurement. By using this feature, and decreasing the duty cycle of blue excitation LED
significantly, Phase shift and need to recalibrate the probe is avoidable.

