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Abstract: A new

of

Pt(D and Pd(II)

Basic characterisation of the new dyes has been done with a

complexes of the porphyrin-ketones, has been introduced
for opto-chemical oxygen sensors based on
phosphorescence quenching. The dyes display a long wave

well established intensity based prototype. Due to the long
decay time of the new luminophore investigations were

class

dyes,

spectral characteristic and good compatibility with low
cost semiconductor opto-electronics (e.g. excitation by a
yellow light-emitting diode). A rather simple and cheap
prototype instrument measures phosphorescence life-time
( 500ps - 1Ops ) via phase measurement principle, which
overcomes some disadvantages of intensity based systems.
The new dyes seem to be promising for breathgas analysis

in mainstream, water analysis, personal safety

done based on the quantum decay time measurement, which
seems to offer many advantages for the future. For example,
the measurement becomes (in the first order) independent

from the light intensity. This is of importance since it
reduces many requirements concerning the optical
components, e.g. it becomes feasible to measure via optical
fibres where the optical attenuation may be unknown or
even variable. Furtherrnore it becomes possible to measure
in closed systems through the wall of a transparent vessel.

applications and other time-resolved phosphorescence
measurements.

METHOD

INTRODUCTION

The luminescent dye platinum(Il)-octaethyl-porphyrinketon (PtOEPK) was immobilized in a gas-permeable
polymer matrix on a transparent polyester carrier foil. The
indicator layer was covered with an additional layer of

The optical oxygen sensors are based on

the

measurement of luminescence quenching [-3] A
luminophore, which is immobilised in a gas-permeable
membrane, is excited using a suitable light source (yellow
light-emitting diode). The dye emits light at a different
wavelength to the excitation (Stokes shift) when returning to

the ground state. Oxygen is known to be a quencher of
luminescence i.e. it releases the energy of the excited
molecule without the emission of light. Both the intensity of
the luminescence and its temporal activity are modified by
the presence of oxygen in the surroundings.
The relationship between the oxygen concentration [O2] and

the luminescence intensity and the luminescence lifetimes
can (in the ideal case) be described by the Stern-Volmer
equation (see Eq.

l):
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K5y is the Stern-Volmer constant,
Io is the luminescence intensity in the absence of oxygen,

I is the intensity measured at [O2],
rs is the luminescence decay time in the absence of oxygen,
r is the decay time measured at [O2].
JOANNEUM RESEARCH has recently patented a new
family of oxygen-sensitive dyes (platinum(Il) and
palladium(ll) complexes of the porphyrin-ketons) exhibiting
decay times in tens and hundreds of micro seconds [4].
Such long decay times can be measured using simple optoelectronic circuitry. Furthermore, the dyes can be excited at

590 or 600 Dffi, respectively, eliminating the problems
associated with blue lieht sources.

black silicone. This optical isolation eliminated or reduced
interferences by intrinsic sample luminescence, light
scattering or ambient light. In case of fast response time is
required the sensor foil is used without any isolation layer.
One present prototype for the determination of oxygen is
based on luminescence intensity measurement. A yellow
light-emitting diode (LED) with a bandpass filter (coloured
glass) represents the excitation light source. The emitted
phosphorescence light of the sensor is detected by a silicon
photodiode. The optical set-up has been designed in a way
so that the radiation of the LED, which is scattered and
reflected by the membrane, is monitored simultaneously via
a reference photodiode. This enables a conffolling of the
intensity changes of the LED due to temperature effects and
ageing. To reduce ambient light interference and electrical

drift an

AC-based measurement system

is

used. A

synchronous demodulation system is used to obtain the
intensity of the luminescence signal and the monitored

excitation signal of the LED.

A

low-cost microprocessor

provides a serial output (RS 232) and an analogue voltage
output corresponding to the oxygen concenffation.
Two other prototypes are available for the determination of

oxygen based

on

luminescence lifetime measurement

principle [5]:
Direct delay measurement of a square wave signal
This simplified system measures the delay time between a
square-wave excitation and a square-wave in the detector,
generated via suitable amplification of the emission signal
coming from the sensor. This system has been chosen since
it promises to fulfil typical requirements such as small size
and low cost.
In our applications, we make use of this phase information
to calculate the oxygen concenffation in the surrounding of
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the luminophore. The phase shift of the emitted light can be

by

measuring the delay between the square
wave excitation and the square wave gained by suitable
determined

amplification of the photo current generated by the
emission. In addition an autocalibration mode has been
implemented in the decay time measurement. This
eliminates the effect of delays in the measurement
electronics, which improves the temperature stability of the

However, the measurement accuracy strongly depended on
the quality of the calibration procedure and on the stability
of the cell temperature.
The oxygen sensor was sterilized with a solution of 6 oÄ
hydrogen peroxide for periods of 30 min. The sensor was
calibrated before and after the sterilization procedure. No
significant influence on the oxygen sensor signal could be
found.

system.
Phase measurement at one or more frequencies
The shape of the luminescence decay can be determined by
measuring the phase shift between the excitation and the

resulting emission at a single or at multiple frequencies.
Utilizing digital algorithmus for the phase measurement
leads to higher dynamic range and improved signal to noise
ratio. Due to the use of a programmable synthesizer the
measurement of multi-exponential luminescence decays can
be performed at various frequencies, thus gaining more
information about the sensor characteristics. The built-up
prototype system represents a high-end measurement unit
for the determination of the oxygen concentration. The
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system is currently tested under laboratory conditions.

Figure 2

RESULTS
Luminescence intensilv measurement has been used for

oxygen in medical applications e.g.
in mainstream. A typical measurement
cycle befween inspiration and exspiration is shown in
Figure l.
determination

of

breathgas analysis

In conclusion, both techniques, the luminescence intensity
measurement as well as the measurement of the decay time

of the

luminescence of a platinum(ll)-porphyrin-keton
complex proved to be suitable for oxygen measurement in

in liquids. For the use of online oxygen
measurement over long time periodes (a few months) the
luminescence decay time measurement, proved to be clearly
superior to intensity-based methods (see Figure 2). The

gases and

main reason for this feature lies

o
E

in first order in

the

independency from fluctuations in light source intensity,
dye photobleaching, and influences from scattered light or
ambient light. Further, an auto-calibration of the electronics
eliminates all drifts generated by the electronics.
By using another dye (a palladium(ll)-porphyrin-keton) it is
also possible to measure oxygen in gas down to the ppm
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