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Abstract

The characterization of a dual emission sensing luminescence material for water-dissolved oxygen sensing is presented in this paper. The
oxygen-sensitive material is based on a dual-emitting luminescent molecule immobilized onto an adequate solid support. The metal chelate
formed between the 8-hydroxy-7-iodo-5-quinolinesulphonic acid (Ferron) and aluminium (Al-Ferron) was the selected oxygen-sensitive
dual-emitting luminescent complex, while the anionic exchanger Dowex 1X2-200 resin was the selected solid support.

When the Al-ferron metal chelate is adsorbed onto the anionic exchanger resin it displays two largely different emission bands. The
first is a fluorescence emission band, possessing a decay time in the nanosecond range, and which is insensitive to the oxygen presence (th
“reference” signal). The second emission is a long-lived highly sensitive oxygen-quenchable phosphorescent emission. Under some optimised
experimental conditions both emissions can be simultaneously measured when the metal chelate is excited with a 390 nm light. Under these
conditions, and using the same experimental set-up, oxygen concentration can be obtained by measuring the intensity of the phosphorescen
emission, the triplet lifetime of the phosphorescence emission or the ratio between the intensity of the phosphorescence emission and the
self-reference signal (fluorescence emission from the immobilized metal chelate).

The reliability, the operational characteristics, the stability and the analytical performance characteristics for water-dissolved oxygen sensing
are evaluated and critically compared for each measurement principle. Advantages and disadvantages of each measurement scheme for reliabl
optical sensing will be finally discussed.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction oxygen sensors offer several important advantages as they do
not affect the sample, do not suffer from interferences from
Concentration of dissolved oxygen in waters plays a cru- external electromagnetic fields and offer a great potential for
cial role in a wide range of biological and environmental remote control (by using optical fibres) and for miniaturiza-
processes. Therefore, real time sensing of dissolved oxygertion [5-7].
has attracted a lot of scientific efforts and still remains are-  Among the different strategies proposed for oxygen op-
search topic of great importance for many different biologi- tical detection, luminescence-quenching phenomena have
cal, clinical, environmental and industrial applicati¢hs3]. proved to be one of the most powerful approaches; most of
Particularly, a lot of attention has been dedicated to optical them are based on dynamic quenching of a luminescence
0Xxygen sensing in recent years. As compared with the mostindicator by oxygen in a collision proce§8]. That is, the
frequently employed Clark-type electrode sysfdinoptical presence of the quencher (oxygen) in the luminescent system
results in a rapid depletion of the excited-state population,
T Comesoonding author. Tel.: +34 985 10 34 74: fax: +34 985 10 31 25 which is detected as a concomitant decrease in the lumines-
E-mail paddreiseS:ra'elsb'?'7@hotma”_com (’|. ééchez_Barra@])y ' cence emission signal. The magnitude of the decrease deter-
asm@uniovi.es (A. Sanz-Medel). mines the amount of analyte present.

0039-9140/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.talanta.2004.12.030



612 H. Hochreiner et al. / Talanta 66 (2005) 611-618

Materials with long excited-state lifetimes (such as the In the present paper, we describe the use of this lumi-
phosphorescent materials) will be particularly adequate to nescent metal chelate as a dual-emitter system for studying
be quenched by oxygen. The effect of oxygen on the lumi- comparatively ratiometric-based oxygen measurements. Us-
nescence emission of such sensing materials results in higting this sensing material it is possible by changing slightly the
phosphorescence quenching rates and therefore it offers opexperimental parameters to obtain dissolved-oxygen concen-
portunities for highly sensitive oxygen sensors. In this case, trations from measurements of intensity ratios, RTP intensi-
quenching occurs by energy transfer from the luminescentties or triplet-lifetimes. This allows a critical comparison of
material to form an excited singlet oxygen, resulting in ex- the three methodologies in terms of simplicity, cost, stabil-
cellent sensitivity and selectivity; therefore this principle was ity, accuracy and analytical performance characteristics for
often adopted for the development of many oxygen optical water-dissolved oxygen sensing, as described in the follow-
sensor$5,9-11]. Many organic compounds (e.g. pyrene and ing sections.
other PAHS) and various transition metal complexes (e.g.
platinum and palladium porphyrines, metal chelates of sev-
eral hydroxyquinoline derivatives with some transition met- 2. Experimental
als, etc.) were found to exhibit strong room temperature phos-
phorescence (RTP) emission and were applied to the devel-2.1. Reagents and solutions
opment of RTP oxygen sensors.

Three basic ways can be used to monitor oxygen con-  Analytical reagent-grade chemicals were employed for
centrations by using luminescence: intensity, lifetime and the preparation of all the solutions. Freshly prepared ultra-
ratiometric measurements. Each of them has strengths angure deionised water (Milli-Q3 RO/MilliQ2 system, Milli-
weaknesses. pore, UK) was used in all experiments.

Direct intensity measurements of the phosphorescence 8-Hydroxy-7-iodo-5-quinolinesulphonic acid (Ferron,
emission are, due to their simplicity in terms of instrumen- Sigma—Aldrich) and aluminium standard solution (alu-
tation, still a very common measuring principle in phospho- minium nitrate in nitric acid 0.5M, 1000 mg/l Al, Merck)
rimetry [12]. However, excited-state lifetime measurements were used as delivered from the respective suppliers without
are preferred today in terms of accuracy, since they are notany further purification. Ammonium acetate (p.a., Merck),
so prone to errors derived from drifts in the opto-electronical acetic acid (glacial, Merck) and 1,10-phenanthroline-1-
set-up, leaching or photo-bleaching of the sensing material orhydrate (Aldrich) were employed for preparation of the buffer
transmission changes in the opt[@8]. The resulting com-  solutions.
plexity of the equipment required for these lifetime measure-  Dowex 1x 2-200 was purchased from Aldrich and
ments (based on pulsed or phase-modulation techniques) iswashed thoroughly with water, 2 M HCI solution and ethanol
in any case, a drawback. As a third approach, efforts havebefore use as described elsewhe@.
been focused during the last few years to establish “ratio-  Airand argon, both with purity higher than 99.995%, were
metric methods” based on the use of an internal reference.purchased from Air Liquid (Llanera, Asturias, Spain).
Lifetime and ratiometric approaches usually result in more
robust sensing systems that are less affected by problems re2.2. Instrumentation
lated to non-analyte induced intensity chanfjes-16].

Ratiometric methods employing two different lumines- All'luminescence data were collected with a Perkin-Elmer
cent species immobilised in the same majtiX] have been Model LS50B luminescence spectrometer. Instrument excita-
proposed. Another alternative is based on the use of two dif- tion and emission slits were set at 15 and 20 nm, respectively.
ferent excitation or emission wavelengths from a single lu- A conventional Hellma fluorescence flow-through cell made
minescent indicatof14,18]. In the two-dye method, photo- of quartz (Model 176.052-QS) of 1.5 mm of light path was
bleaching of either dye leads to gross changes in the intensityused.
ratio and this problem is eliminated by using a single, dual-  The pH measurements were made with a Crison micro-pH
emitter, molecule where the intensity ratio would be insen- 2000 digital pH-meter.
sitive to photobleachinffL9]. However, it is difficult to find Dissolved oxygen determinations, as described in some
single indicator molecules for oxygen exhibiting a spectral experiments, were also performed using a commercial Crison
region easily quenched, enhanced or shifted in the presencé®ximeter (OXI 330i) provided with a galvanic oxygen sensor
of the analyte, while the other must be unaffected by its pres- (CellOx 325).
ence.

Previous work in our research group demonstrated that2.3. Preparation of the resin beads
the metal chelate formed between the 8-hydroxy-7-iodo-5-
quinolinesulphonic acid (Ferron) and aluminium (Al-Ferron) The preparation of the oxygen sensing material was
trapped into different solid supports constitutes an excellent carried out as previously described in the literat{f¢
oxygen indicator based on RTP quenching measurementsA volume of 35ml of Ferron solution (8 10~3M), 3ml
[5,9]. of Al(lll) standard solution (1g/l) and 10ml of a 2M
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Peristaltic 2.5. Data acquisition
Deoxygenated pump
b”flfe'fwat‘-" Luminometer 10 and 20 nm were used as excitation and emission slits
[ -

widths, respectively, for all experiments. Other instrumental
parameters, like the flash counts or the cycle time, proved to
g "|7 ‘ have no significant influence and therefore where left as set
) | | by default in the Perkin-Elmer LS50B luminometer.

Air-saturated’ | '@"\‘.‘, For the direct RTP intensity-based measurements a delay
buffer/waterS N time of 40us and a gate time of 2 ms were selected. Excitation
and emission wavelengths were fixed at 390 and 580 nm,
respectively.

Sensing Ratiometric measurements were performed by measur-
phase = Flow cell ing, in a fast way (at a scan speed of 600 nm/min), the total
emission spectra from the sensing material (between 450 and
650 nm) under excitation at 390 nm. In these experiments the

delay-time was adjusted to 3®& in order to allow simulta-
NH4OAc/AcOH buffer solution (pH 5,5 containing 50mg/l  neous measurement of the phosphorescence emission in the
of 1,10-phenanthroline-1-hydrate) were mixed in a 100 ml presence of a significant fluorescence emission.

flask and made up to the mark with Milli-Q water. The Moreover, in order to measure the triplet emission life-
obtained Al-Ferron solution was pumped through a mini- times the RTP decay curve of the sensing material should
column packed with Dowex % 2-200 during 30min at @  pe obtained. Thus, we obtained the corresponding RTP de-
flow rate of about 2 ml/min. Later, the column was rinsed cay curves with the proposed system by measuring the RTP
with a 1 M NaCl solution for 20 min and finally with Milli-Q  intensity (at conditions previously reported for the intensity
water for about 10 min. The Al-Ferron immobilised resin was measurements) at 12 different delay times going from 40 to
stored in Milli-Q water at room temperature and in the dark 100p.s. From such averaged curves, lifetimes can be calcu-
before use. lated because RTP intensity and lifetime are related by the
equation:

Waste

Thermostatic v
bath (20°C)

Fig. 1. Experimental set-up used for RTP dissolved-oxygen determinations.

2.4. Experimental set-up
. . . I =10 e @

Fig. 1 shows the optosensing device for continu-
ous monitoring of water-dissolved oxygen. Buffer (0.5M ) . . . )
NH4OAC/AcOH: pH=5.5, containing 50mg/l of 1,10- yvhere_l(t) is the intensity for 'Fhe |n.sta.nt of time 1(0) the
phenanthroline) or water flow streams with different intensity whert =0 andr the triplet lifetime.
concentrations of dissolved oxygen were prepared by mixing
varying flow rates of two streams of an air-saturated liquid
and an argon-deoxygenated liquid by using two four chan- 3. Results and discussion
nel Gilson Minipuls-2 peristaltic pumps. To obtain a deoxy-
genated solution, argon was bubbled through the solution3.1. Spectral characteristics of the oxygen sensing
contained in an Erlenmeyer flask. Oxygen-saturated solutionsmaterial
were prepared in another Erlenmeyer flask by continuously
bubbling a stream of synthetic air. Fig. 2 shows the emission luminescence spectra of the

Water or buffer streams, with different dissolved oxygen immobilized Al-Ferron chelate exposed to a deoxygenated
concentrations, were passed through a conventional flow-buffer stream at different delay times. The gate time was set
through cell packed with the polymeric resin particles in at a value of 1.0 ms. As can be seen, the excitation spectrum
which Al-Ferron had been previously immobilized. A small has a maximum centred in 395 nm, while, depending on the
piece of nylon was placed (away of the light path) inside the delay time, itis possible to clearly distinguish simultaneously
cell to prevent particles displacement and losses of the senstwo emission bands centred at 470 and 580 nm.
ing material by the carrier flow. This flow-cell was placed The first emission band corresponds to a fluorescence
inside the sample-holder of the phosphorimeter and lumi- emission (A4m=470nm) that still remains even at a delay
nescence emissions from the packed sensing material wergime of 30us. As can be seen this emission band decreases

continuously monitored. drastically with increasing the delay time, and practically dis-
To control the temperature, the flasks were immersed in aappears for a delay time of 43. However, for delay times
thermostatic water bath at 2G. lower than 3Qus the fluorescence band highly increases and

A commercial oxymeter, previously validated against the completely overlaps with the second emission band (being
well-known Winkler method, was employed as the alternative not possible to simultaneously measure both emission sig-
reference method. nals in such conditions).
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50+ . | Table 1
| i Effect of variations on the slit widths on the luminescence measurements
40 | from the oxygen sensing material (in the presence of a deoxygenated buffer
stream)
> 0] | Measurement method Slit widths (excitation/emission) (nm)
= Settings | 10/20 15/20 5/20 10/10 10/5 10/15
£ 209 | A, =390nm | Intensity emission (a.u)  149.4 1152 1586 .@4 83 1015
\ :I'i':exi;grrm | Ratiometric measurements 25 52 22 24 23 25
10*‘\‘; i A gate-fime = 1ms‘" | Lifetimes (ps) 56.5 565 586 559 564 567
7 580nm "/
o \ : e P
400 450 500 550 600 650 700 750 3.2. Effect of instrumental and environmental variations
Waveleng [nm) on the luminescence signals

Fig. 2. Emission spectra of the oxygen sensing material obtained at different . . . .
delay times (20, 30, 40, 50s) when exposed to a deoxygenated buffer As shown before, both the RTP intensity and triplet life-

stream. (Note: the intensity values of the emission spectraqfoR0 s time of the trapped RTP chelate decreased in the presence of
should be multiplied by a factor of 5). oxygen, while fluorescence is not affected by oxygen pres-
ence. Thus, we could use RTP intensity, triplet lifetime or ra-

o . tiometric measurements to obtain the actual oxygen concen-
The second emission band (centred at 580 nm) is a phos'tration in three different ways. Thus, we studied the effect on

phorescence emission. This band has arather longer IIfEEt'methe sensing performance of variations in several instrumental,

as compared to the fluorescence emission (the intensity de'physico-chemical and active phase parameters (which could

crease with the increase on the delay time is much slower 8S,ttact the luminescence measurements and so affecting the
compared to the fluorescence band).

. e ; . measured oxygen concentrations). To do that, different pa-
Fig. 3shows the emission luminescence spectra of the im- yg ) P

bilized ALF helat d to buffer st ith rameters were slightly modified and the potential changes
mopbilized Al-Ferron chelale, exposed to buller streams WIth 5, y,e prp intensity emission, ratiometric measurement and
different dissolved oxygen concentrations. In order to allow

. xcited lifetime values from the sensing material (in the pres-
for the simultaneous measurement of both fluorescence andz

hosoh ission the lumi ¢ tatad nce of a deoxygenated buffer stream) were registered.
Ip Os‘p or?sscoence %m'tsi'%n € L;minomier Wasbse ata de- First, the effect of changes in excitation and emission slits
aytime of stus and at 1.9ms gate time. AS can be Seen I 4y on the emission signals from the sensing material was
Fig. 3, the fluorescence emission does not suffer any appre

iable ch it trati if dissol d’studied. Results are summarisedrable 1. As can be seen,
clable changes with oxygen concentration (even ITAISSOVed  ile RTP intensity emission signals were highly influenced
oxygen concentration is increased up to saturation levels).

H th - 1595 dind to the ph by variations on the slits width (changes on the emission
OWever, the emission a hm (corresponding to the p OS'signals over 60% have been found), ratiometric and life-

phorescence _emission) i; strongly quenc_:hed by thg PreSeNncEme measurements were not significantly affected by those
of oxygen. This makes this Al-Ferron luminescence indicator changes (variations in the signals only of about 5 and 2%

specially suited not only for phosphorimetric (intensities or have been found for ratiometric and lifetime measurements
lifetimes-based measurements) but also for oxygen ratiomet-r espectively) '

ric measurements. A study of the effect on the RTP signals of variations of
the indicator concentration in the light path were also made

250 by changing the particle size packed in the flow cell. From
Phosphorescence this study it was observed that both, ratiometric measure-
200 ments and RTP lifetime values from the sensing material, are
t=30ps not significantly affected by alterations on the solid particles
%" 150 size. However, as expected, important variations of the RTP
§ intensities were observed depending on the size of the sensing
£ 100 N particles. ' . .
apes A special care should be taken with changes in tempera-
50 2,1 ppm ture. We have studied here the effect of sample temperature
4 onthe measured RTP signals, as previous experiments carried
0 o 7.2 pom out in our lab demonstrated great temperature influence on
425 475 525 575 525 675 725

the RTP intensity and lifetime measurements. Temperature
increases gave rise to a significant decrease of the measured
Fig. 3. Emission spectra of the oxygen sensing material obtained when ex_S|gna|S_(|nt_enS|ty and I|fet|mes) and c0|_’1$equ_ently erroneous
posed to buffer streams containing 0.0, 0.4, 2.1 and 7.2 ppm of dissolved determmat_'ons were ObserV?d- qu a given dissolved oxygen
oxygen. concentration, a linear relationship was found between the

Wavelength (nm)
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measured RTP signals and the sample temperature (it wagence emission measurements from this sensing material to
observed that a temperature variation of @resulted in a perform oxygen determinations, the performance of the dif-
10% deviation of the phosphorescence emission a0 ferent luminescence measurement approaches was evaluated
Similarly, the fluorescence emission was also significantly for reliable oxygen sensing.
guenched by a temperature increase, but with a different be-  First, the variability of the corresponding calibration-plots
haviour as compared to the RTP. This would be reflected in of this luminescent oxygen sensor was evaluated in several
the ratiometric measurements. In fact, it was observed that,different days. This would be an indicator of the reliability
for a given dissolved oxygen concentration, a temperature in- and stability of each of the sensing approaches. To do that, five
crease resulted in a decrease in the meadgiigfl F ratio. A different dissolved oxygen calibration plots were obtained
lineal dependence between temperature and the ratiometri@long five different days for each one of the measurement
measurement was found (in this case, a temperature variatiorprinciples using the proposed optosensing system and the
of 10°C resulted in a 8% deviation of the measutgeb/Ig obtained results were compared.
ratio at 20°C). Therefore, a correction of the luminescence For establishing those calibration curves the obtained data
signals with temperature (or calibrations of the sensing probewere fitted to the well known Stern—\Volmer E() com-
with standards at the same temperature of the samples) shouldhonly used in luminescence-quenching methods:
be carried out. Thus, all the experiments were conducted at
a controlled samples temperature {£), something easily _N_1y koto[Q] =1+ Ksv[Q] (2)
achieved by using a thermostatic water bath. T I

When using the sensor for oxygen determinations in aque-whererg or Ig andz or | denote the luminescence lifetime or
ous solutions, variations in pH between 3 and 8 caused smallintensities of the luminophor in the absence and in the pres-
variations in the luminescence signals from the immobilized ence of a quencher, respectividdyandKsy are the bimolec-
metal chelate being the optimum value pH=5.5. Therefore, ular quenching and the Stern—\olmer constants @nitie
most of the optimizations and experiments were carried out concentration of the quencher. This form of the Stern—\olmer

using a 0.5 M NHOAc/AcOH buffer of pH 5.5. equation represents the simplest approach and only accounts
The potential interferent effect of calcium ions (up to for purely dynamic quenching of one luminescent species in
600 ppm) and other metal ions includingBFe** and Hg'? a homogeneous environment.

(up to 10 ppm) was studied. It was found that only small con-  Lifetime data showed very good agreement to this version
centrations of Fe(lll) caused a severe interference by chemi-of the equation and the linear graphs were obtained and used
cal decomposition of the phosphorescent probe, although thisfor sensor calibration. However, for intensity and ratiometric
interference was avoided by adding 1,10-phenanthroline to measurements, clearly non-linear Stern—\olmer plots (posi-
every buffer and carrier solutions. tive deviation from linearity) were obtained. Similar findings
Finally, the influence ofionic strength on the luminescence were previously reported by other authors and different mod-
signals from the oxygen sensing phase was evaluated. Theels (modifications of the Stern—\Volmer equation) were pro-
phosphorescence emission and the ratiometric measurementsosed trying to explain these deviations based on multi-site
from the sensing material were registered when exposed tomodels or multi-exponential decaj&l—24]. Unfortunately
deoxygenated water solutions with increasing concentrationsnone of these models could explain the positive deviations
of different electrolytes (NaCl, KCl and Baglup to an ionic from the Stern—Volmer plot found in our experiments.
strength of 0.1 M. As expected, changes in the luminescence Of special interest is the model proposed when both, static
emission with ionic strength increase were found to be sim- and dynamic quenching, occur in the same syq@s26],
ilar for all evaluated salts. On the other hand, it was found a model explaining positive deviations from linearity in the
that ratiometric measurements offer slightly better reliability simple Stern—\olmer plot. The co-existence of dynamic and
as compared with phosphorescence intensity measurementstatic quenching caused by oxygen has been recently de-
(variations of the signal with the ionic strength up to 7—-8% scribed by Hurtubise et aJ27] and Gillanders et al28].
were obtained for direct RTP measurements while variations The following modified Stern—\Volmer plot should then be
below 4% were found using ratiometric measurements). used when static and dynamic quenching occur simultane-
ously:
3.3. Quenching measurements for water-dissolved I
oxygen sensing = =1+ (Ksv+ Ked[Q] + KsvKed 0] 3)

It was observed that the RTP emission of the Al-Ferron This modified Eq.(3) was used in our experiments and a
metal chelate immobilized onto the anionic exchange resin better fit of the experimental data was obtained using both
matrix is reversibly quenched when exposed to on—off cy- RTP intensities and ratiometric measurements.
cles of dissolved oxygen. Moreover, no appreciable leaching Table 2 summarises the calibration functions obtained
of the immobilized indicator was observed even after more along 5 days using the three sensing approaches based on the
than 48 h of continuous use. As it is possible to make use different measurement principles. As can be seen, some dif-
of RTP intensities, triplet lifetimes or ratiometric lumines- ferences inthe calibration plots can be observed along the five
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Table 2

Summary of the calibration functions for the different measurement methods obtained through five different days

Intensity measurements

Ratiometric measurements

Lifetime measurements

Day 1 (lo/) —1=0.1540[Q]? +0.7290[Q]
Day 2 (Io/l) — 1=0.1778[Q]% + 0.5940[Q)]
Day 3 (lo/) —1=0.1546[Q]% +0.8275[Q]
Day 4 (lo/) —1=0.2132[Q]?> +1.1167[Q)]
Day 5 (lo/) —1=0.1766[Q]% +0.9621[Q]

[(IrTe/IF)o/(IrTR/IE) — 1=0.0457[Q]? +0.6771[Q]
[(IrTp/IF)o/(IRTR/IF) — 1=0.0594[Q]* +0.6981[Q)]
[(IrTe/IF)o/(IrTR/IE) — 1= 0.0495[Q]* +0.7838[Q]
[(IrTp/IE)o/(IRTR/IF) — 1=0.0476]Q]* +1.0198[Q)]
[(IrTe/IF)o/(IrTP/IF) — 1= 0.0506[Q]* + 0.8240[Q]

(tol7) — 1=0.4054[Q]
(tol7) — 1=0.4291[Q]
(tol7) — 1=0.4219[Q]
(tolt) —1=0.5438[Q]
(tol7) — 1=0.4402[Q]

different days. However, it is apparent that great differences 501
between the five calibration plots are observed using inten-
sity measurements (deviations in the slope values of about & 35 4
20% can be found) while triplet lifetimes or ratiometric mea-

surements provided lower deviations in the slope values of

the plots (average of about 12%).

In a next step, the three different RTP measurement ap-
proaches were applied to the analysis of several water sam- 5 -
ples. The water-dissolved oxygen concentrations were then o 0
obtained from the measured luminescence values and using
the different calibration plots (performed during the five dif- 45
ferent days). The obtained results were compared to the val-
ues given by a reference method (commercial oxymeter pre-
viously validated with a classical Winkler method) in each

case and sample.

Fig. 4 shows the relative errors (%) found in the oxygen
determinations with each of the three methods under scrutiny 197
and using the different calibration plots. As can be seen, ratio-

45 1
40

30 A
25 A
20 A
15 1
101

% Relative Erl

/A

50 +

40 4
35 1
30
25+
20

% Relative Error

Sample 1 (1.21ppm)  Sample 2 (1.83ppm)  Sample 3 (2.01ppm)

metric measurements outperform the other two approaches(b)  sample 1 (0.73ppm) Sample 2 (1.40ppm)  Sample 3 (1.83ppm)

in terms of reliability of the measurement method. More- 50 -
over, as expected, the greatest differences between the re- 45
sults obtained by interpolation of the analytical signals in
calibration plots from different days were found for phos-
phorescence intensity-based measurements. Thus, the nee= 5 -
for a daily calibration when using intensity measurements is

clearly patent.

3.4. Analytical performance of the different approaches

for dissolved oxygen sensing

ples) are summarised ifable 3. Calibration graphs were

40 A
35
30

% Relative Error

0 T

T 1

() Sample 1(1.05ppm) Sample 2 (1.21ppm)  Sample 3 (1.41ppm)

. . . . Fig. 4. Dissolved oxygen sensing of different water samples using (a) inten-
_ The analytical flg_ures of me”t for the different SENS-  sity measurements, (b) ratiometric measurements and (c) lifetime measure-
ing approaches (using the different measurement princi- ments. Day 1 samples refer to sample measurements made on the same day

obtained from the luminescence signals from the sens-
ing material when exposed to aqueous solutions of in-
creasing dissolved-oxygen concentrations (confirmed by and yielded a good regression coefficient in every case up to
simultaneous measurement of the dissolved oxygen concenoxygen saturation levels.

trations with the reference electrochemical oxymeter). The

as the calibration; () day 1) day 2, E) day 3, &) day 4, E) day 5.

The repeatability of the proposed sensing approaches was

Stern—Volmer plots (or their modified forms) were obtained evaluated as the relative standard deviation of five replicates

Table 3

Analytical figures of merit for dissolved oxygen measurement using the different optosensing approaches

Intensity measurements

Ratiometric measurements

Lifetime measurements

Calibration range (ppm) 0.06-7.24
Limit of detection (ppm) 0.02
Repeatability (R.S.D.) (%) 3

Precision (R.S.D.) (%) 16

0.30-7.24
0.10

4

5

0.06-7.24
0.02

1

7
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of a sample containing 1 ppm of dissolved oxygen measuredperformed. Unlike intensity measurements, both lifetime
along a single experiment in the same day and under theand ratiometric measurements proved no significant de-
same experimental conditions. The detection limits were cal- pendence upon instrumental variations. Moreover, the re-
culated as the minimum concentration of dissolved oxygen sults obtained showed that the precision and repeatability
detectable (which produced an analytical signal three times of the sensing approaches were similar using triplet lifetimes
the standard deviation of the blank signal, [IUPAC criterion). and ratiometric measurements. Those modes considerably
As can be seen ifiable 3, lifetime measurements still show improved the performance obtained from intensity-based
the best average values in terms of reproducibility and lim- measurements.

its of detection. While the limit of detection with ratiometric However, although lifetime and ratiometric approaches
measurements was a little bit worse than using intensity mea-showed similar analytical performances, the ratiometric ap-
surements, the performance of the two methods in terms ofproach might be preferable because lifetime measurement
reproducibility is less comparable. usually requires a more complex instrumentation.

The greatest differences between the different methods
tested here can be found when comparing the precision data.
Precision values were evaluated as the relative standard deAcknowIedgements
viation of five measurements of a given sample with a 2 ppm
oxygen concentration carried out in five different days and = . PP . .
without performing new calibrations of the sensing system. turias de la Investigaon Cientfica Aplicada y la Tecnoldg

; : : . FICYT) through the project PC-CIS01-13 and from the
In this case, intensity measurements yielded the worst results( )
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ments, is impressively reflected by the accuracy of the sampleErasrnus Grant.
measurements (séég. 4).
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