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Fabrication of sensitive fibre-optic gas sensors
based on nano-assembled thin films

Sergiy Korposh and Seung-Woo Lee
The University of Kitakyushu
Japan

1. Introduction

Optical techniques offer powerful tools for the characterisation of chemical and biological
systems. The variety of different designs and measurement schemes of fibre-optic sensors
provides the potential to create very sensitive and selective measurement techniques for the
purpose of environmental monitoring.
Different approaches exist for creation of fibre-optic sensors (FOS), which generally can be
classified into two groups depending on the sensing mechanism: intrinsic and extrinsic
fibre-optic sensors (Grattan & Meggitt, 1999). Intrinsic FOS allows to implement different
measurements designs within an optical fibre based on the gratings (Bragg Gratings and
long period gratings, LPG ) written into the fibre core in which the changes in the reflected
light due to changes in the grating period is measured to detect the effect caused by an
external stimulus (Vohra et al., 1999; Schroeder et al., 1999). Interferometric sensors can be
made that use some external effect to cause a change in the optical path way or a phase
difference in the interferometer caused by some external effect. All traditional
interferometers such as Michelson, Mach Zehnder (Bucholtz et al., 1989; Dandridge, 1991;
Yuan & Yang, 2005), Fizeau, Sagnac (Russell & Dakin, 1999) and Fabry Perot (Rao et al.,
2000; Cibula & Donlagic, 2004; Lin et al., 2004) used for measuring of both chemical and
physical parameters can be constructed utilizing optical fibres. The other type of intrinsic
fibre-optic sensors is based on the evanescent wave absorption effect (Leung et al., 2006).
The advantages of the fibre-optic sensors allow to create measurements systems with the
high sensitivity and selectivity, providing an excellent tool for the environmental
monitoring. In general, sensitive elements are needed for efficient fibre-optic sensing, which
amplify the chemical interaction of analytes and convert it into a measurable optical
response as signal. Current research in the field of optical fibre sensors is focusing on the
creation and development of new sensitive elements which can expand an application area
and increase the number and range of the analytes that can be measured by fibre-optic
Sensors.
Generally there are some requirements to the sensitive elements of fibre-optic sensors and
they should be:

- transparent in the appropriate spectral range;

- change their optical properties under the influence of the specific chemical species;
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2 Optical Fibre, New Developments

- fastin response and have wide dynamic range;

- reversible;

- selective;

- easy to immobilize onto glass/quartz/ plastic fibre;

- easily and cheaply manufactured.
Employing different sensitive elements deposited onto the side of single-mode (Monzén-
Hernandez & Villatoro, 2006) and multimode (Rajan et al., 2005) optical fibres allows the
creation of an FOS with high sensitivity and selectivity.
For instance a pH fibre-optic sensor coated with porous silica film was prepared by the sol-
gel procedure to measure the pH of the solution with sensors sensitivity up to 0.66 dB/pH
for the pH range of 7-10.5 (Rayss & Sudolski, 2002). Using a sol-gel film doped with a dye
(e.g. coumarin, brilliant green, rhodamine 6G, and rhodamine B) (Beltran-Pérez et al., 2006;
Gupta & Sharma, 1997; Gupta & Sharma, 1998) the dynamic range of the pH measurement
can be increased to cover pH values from 2 up to 12. The sensor sensitivity was increased by
decreasing the probe light wavelength, with the highest sensitivity being achieved at 400 nm
(Beltran-Pérez et al., 2006).
A sensor element doped with polypyrrole was used as a sensitive element for nerve agent
detection; using a 1,5 naphthalene disulphonic acid (NDSA) -doped polypyrrole coating
produced by the in situ deposition technique a sensitivity of up to 26 ppm with a response
time of a few seconds was achieved. Utilizing different deposition techniques and using
different doping materials has produced fibre-optic sensors with different sensitivities and
performances (Bansal & El-Sherif, 2005).
The transparency of an optical fibre depends on the fibre material and the wavelength of the
probe light. Thus different fibres are appropriate for different spectral ranges; for the near
infrared spectra (NIR) the chalcogenide (Lucas et al., 2006; Walsh et al., 1995), for Mid-IR the
silver halide (Le Coq et al., 2002; Beyer et al., 2003), and for the UV-Vis quartz (Abdelghani
et al., 1997) or plastic optical fibres (Ogita, et al., 2000) can be selected.
Chalcogenide glass fibres were used to perform remote infrared analysis of non-polar
organic species in aqueous solution. This technique permits the observation of disruption
induced in living mammalian cells by at least two different types of toxins and it is possible
to distinguish between the effect of a genotoxic agent (which damages nucleic acids) and a
cytotoxic agent (which damages other cellular components) based on the cell’s response to
IR light (Lucas et al., 2006).
For the detection of chemical species with very low concentration in water, chalcogenide
fibres which had special chemical treatment were applied for evanescent wave absorption
spectroscopy (Le Coq et al., 2002). The concentration of chloroform and ethanol in water
were measured using the variations of their absorbance in the infrared spectral range of 8.6-
10 um (Figure 1). The lower limit of detection for ethanol in water was approximately 0.5%,
when the length of the sensing zone (removed cladding) was 3 cm (Le Coq et al., 2002).
A fibre-optic sensor consisting of a silver halide (AgBr.Cli.x) optical fibre coated with
polyisobutylene (PIB) or Teflon was developed for the in situ monitoring of pesticides and
chlorinated hydrocarbons in water for the spectral range of 8.5-12 pm (Beyer et al., 2003).
The sensitivity of this FOS was in the region of 100 ppb and it could be enhanced by
increasing the interaction of the evanescent field with the investigated medium.
A mid-IR grating spectrometer operating in the wavelength range of 8-12.5 um was
developed for the detection of chlorinated hydrocarbons with a detection limit of 900 ppb
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Fabrication of sensitive fibre-optic gas sensors based on nano-assembled thin films 3

for tetrachloroethylene. The sensor was based on the detection of the characteristic
absorption of chlorinated hydrocarbons in the polymer membrane coated onto the sensor
silver halide fibre and the effects of the samples on the evanescent field of the guided light
(Walsh et al., 1995).
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Fig. 1. Absorbance spectrum of the different concentration of ethanol in water measured in
the infrared spectral range of 8.6-10 pm (Le Coq et al., 2002)

The most suitable fibres in the visual spectral range for the creation of intrinsic FOS based
on the generation of an evanescent wave are the plastic cladded silica fibres (PCS); because
the plastic cladding can be easily removed by mechanical stripping or by means of chemical
etching. This FOS coated with an appropriate sensitive material could be used for the
detection of chemical parameters and species (Kawahara et al., 1983; Sharma & Gupta, 2005;
Ronot et al., 1994).

Polycation Washing Polyanion Washing

Fig. 2. Schematic illustration of the layer-by-layer (LbL) method
In the deposition of a sensitive coating onto the optical fibre it is crucial to provide the

sensor with stable parameters and prevent the functional material from leaching or
desorbing from the optical fibre. Different immobilization procedures based on the covalent
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and noncovalent bond could be used for the deposition of the sensitive element onto the
optical fibre. The Langmuir-Blodgett (LB) technique has been employed for the coating of
the fibre-optic with aim of devloping long period grating fibre sensor (James & Tatam,
2006). This deposition technique allows to control material at nanolevel and is based on the
transferring of the orientated monolayers onto the solid substrate. Alternative approach is
the electrostatic layer-by-layer (LbL) method that has been useful for the preparation of
molecularly assembled films with the good adhesion properties to the quartz surfaces,
Figure 1 (Iler, 1966; Ichinose et al., 1996). One of the advantageous of this method over LB
process is that wide class of materials can be deposited on the different types of surfaces.
This deposition technique is still expanding its potential because of its versatility for
fabrication of ordered multilayers with well controlled thickness and the possibility to use
both inorganic and organic materials (Lee et al., 1998).

Porphyrin compounds can be used as a sensitive element for optical sensors because their
optical properties (absorbance and fluorescence features) depends on the environmental
conditions in which molecule is present (Takagi et al., 2006). Porphyrins are tetrapyrrolic
pigments that widely occur in nature and play an important role in many biological systems
(Kadish et al., 2000). The optical spectrum of the solid state porphyrin is modified as
compared to that of porphyrin in solution, due to the presence of strong n—n interactions
(Schick et al., 1989). Interactions with other chemical species can produce further optical
spectral changes, thus creating the possibility that they can be applied to optical sensor
systems. The high extinction coefficient (> 200,000 cm/M) makes porphyrin especially
attractive for the creation of optical sensors.

Absorbance

300 400 500 600 700 800
Wavelength / nm

Fig. 3. Absorbance spectrum of a J-aggregated porphyrin film deposited onto a quartz
substrate (Korposh et al., 2006)

For example, Fig. 3 shows a typical absorbance spectrum of tetrakis-(4-
sulfophenyl)porphine (TSPP) in an alternate film with a cationic polymer, which consists of
two Soret bands (425 and 484 nm) and one pronounced Q-band (700 nm). Exposure of the
porphyrin compound to chemical analytes leads to the alternation of the J-aggregation
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which in turn changes the absorbance spectrum and this phenomenon can be used for the
optical sensor development (Korposh et al., 2006).

Moreover, the optical properties of the porphyrin compound can be controlled by
metallation of its core which in turn will lead to a higher sensitivity and wider class of
chemical compounds that could be measured, Fig. 4 (Rakow & Suslik, 2000). Exposure of a
metalloporphyrin sensor array to chemical species leads to the different colour change
which can be used for the fibre-optic sensor development.
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Fig. 4. Colour change profiles of a metalloporphyrin sensor array as a function of exposure
time to n-butylamine vapour (Rakow & Suslik, 2000)

In this chapter, we would like to describe the use of the LbL method for the deposition of a
porphyrin thin film onto a multimode silica core/plastic clad optical fibre with the aim of
developing an evanescent wave fibre optic gas sensor. A short section of the plastic cladding
was replaced with a functional coating of alternate poly(diallyldimethylammonium
chloride) (PDDA) and TSPP layers. The measurement principle of the device is based on the
ammonia-induced optical change in the transmission spectrum of the coated optical fibre.
As light travels along the core of the optical fibre, a small portion of energy penetrates the
cladding in the form of an evanescent wave, the intensity of which decays exponentially with
the distance from the interface between the cladding and the surrounding environment. The
penetration depth (d,) of the evanescent wave is described by (Grattan & Meggitt, 1999):

=N, (1
27r(nfﬂ. -n, )”2

where A is the wavelength of light in free space, n,. is the refractive index of the cladding
and ner is the effective refractive index of the mode guided by the optical fibre. The
deposition of a functional coating layer onto the optical fibre leads to the chemically induced
modulation in the transmission spectrum and provides quantitative and qualitative
information on the chemical species under examination. The employment of the proposed
fibre optic sensor based on the intrinsic evanescent wave has an additional advantage to
offer cheap and compact devices, due to combination of light emitting diode (LED) and
photodetector components. Moreover, the sensitivity of the device can be improved by
varying the length of the sensing area and the process for film deposition will be less time-
consuming.
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6 Optical Fibre, New Developments

2. Evanescent wave fibre-optic sensor

2.1 Sensor fabrication

Tetrakis-(4-sulfophenyl)porphine (TSPP) and poly(diallyldimethylammonium chloride)
(PDDA, Mw: 200000-350000, 20 wt% in HxO) were purchased from Tokyo Kasei, Japan
(Fifure 2). Deionized pure water (18.3 MQ-cm) was obtained by reverse osmosis followed by
ion exchange and filtration (Nanopure Diamond, Barnstead, Japan). An HCS200 multimode
silica core/plastic cladding optical fibre (OF) with core and cladding diameters of 200 pm
and 400 um, respectively, was purchased from Ocean Optics (USA). Standard ammonia gas
of 100 ppm in dry air was purchased in a cylinder from Japan Air Gases Corp. All of these
chemicals were of analytical grade and used without further purification.

SO,H

TSPP
Fig. 5. Structural models of the polycation (PDDA) and porphyrin (TSPP) compounds used
in this study (Agira et al., 1997): SS, side length of square; DS, diagonal length of square

The electrostatic layer-by-layer adsorption method was employed for the deposition of a
porphyrin thin film onto a multimode optical fibre (OF). A schematic illustration of this
method using PDDA and TSPP is shown in Fig. 6a. A multimode optical fibre from which
the plastic cladding has been removed over an area 1 cm in length was rinsed in ethanol and
distilled water prior to film deposition. The plastic cladding could be easily burned off from
the fibre using a burner flame (temperature < 500 °C, the property of the silica core is not
changed within the temperature range.). One end of the optical fibre was connected to a
deuterium-halogen light source (DH-2000-Ball, Mikropack), the other end was connected to
a spectrometer (51024DW, Ocean Optics). The stripped section of the optical fibre was fixed
within a special deposition cell for film preparation, as shown in Fig. 6b.

Before assembly, the previously stripped section of the optical fibre was cleaned with
concentrated sulfuric acid (96%), rinsed several times with deionized water, and treated
with 1 wt% ethanolic KOH (ethanol/water = 3:2, v/v) for about 10 min with sonication in
order to functionalize the surface of the silica core with a OH group. The fibre core was then
rinsed with deionized water, and dried by flushing with dry nitrogen gas. The film is
denoted (PDDA*/TSPP-),, where x = 5 and indicates the number of adsorption cycles. The
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Fabrication of sensitive fibre-optic gas sensors based on nano-assembled thin films 7

film was prepared by the alternate deposition of PDDA (5 mg mL-! in water) and TSPP (1
mM in water) (where one cycle is considered to be a combined PDDA*/TSPP- bilayer) by
introducing a coating solution (150 pL) into the deposition cell with intermediate processes
of water washing and drying by flushing with nitrogen gas being undertaken between the
application of layers. In every case, the outermost surface of the alternate film was TSPP.

@
(i) Removal of cladding (iii) PDDA (5 mg mL"") (iv) TSPP (1 mM)
(ii) KOH treatment
I I Rinsing and {
Q9 A drying
1 T -
[eXe)
I
Optical fibre
Rinsing and
l drying
repeat (iii) and (iv)
Optical ; 5 ? : sé
(b) measurements| ™ |t o
light source 1cm optical fibre  spectrometer PDDA/TSPP film
—_ "—" —

DKM PODA

Deposition cell
| -C. TSPP
removed cladding

Fig. 6. (a) Schematic illustration of the layer-by-layer adsorption of TSPP and PDDA on a
multimode optical fibre and (b) deposition cell used for coating the optical fibre

The assembly process was monitored using an S1024DW spectrometer (Ocean Optics). The
absorbance was determined by taking the logarithm of the ratio of the transmission
spectrum of the coated fibre, T (1), to the transmission spectrum measured prior to film
deposition Ty (1),

T(A) )
T, (A)

The assembly process was characterised and the thickness of the film was measured using a

quartz crystal microbalance technique, as described in our previous work (Korposh et al.,
2006).

A(2) = —log

2.2 Optical measurements
The desired gas concentrations were produced using a two-arm flow system, as shown in
Fig. 7a. Dry compressed air and ammonia gas of 100 ppm passed through two flowmeters,
and the two flows were recombined with a final analyte concentration (volume fraction) c in
the measurement chamber being calculated using,

c=—birz ()

L(+z)+L,

where z is the mole fraction of ammonia, and L; and L, are the flow rates of dry air and
ammonia gas, respectively. L (where L = L; + L;) was kept constant at 1 L min?! and
ammonia concentration was adjusted by varying L; and L. A specially designed sensor
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chamber made of Teflon (Fig. 7b) was used in order to estimate the ammonia response. The
optical fibre coated with the functional film was inserted inside the chamber and connected
to the light source and spectrometer, as shown in Fig. 7b.

© g— L
—l
= ®
© Flow meter
3 L F1
# |
96’_ i ® Valve
£
o (=]
(3} E — ®
g L, LilF2 lL PC
Gas E
cylinders < Measurement | |
chamber ===\
(b)
Gas inlet Gas outlet
Coated T
Optical fibre 1 claddmg Light
Spectrometer source

————— A .-"f.-’.-".-"f.-".-".-"f— —_———-
Measurement chamber

Fig. 7. (a) Apparatus of a two-arm flow gas generation system: F1 and F2 are flowmeters; L;
represents the concentration of the gases in the different arms of the system. (b) Schematic
illustration of the measurement setup: light source, Ocean optics light source emitting light
in the range of wavelengths from 200 to 1100 nm; spectrometer, Ocean Optics S1024DW
spectrometer

The sensor response at a given analyte concentration was measured every second by
recording the transmission spectrum of the film deposited on the optical fibre. The
difference spectrum was plotted by subtracting a spectrum measured at a given analyte
concentration from the spectrum recorded in the presence of dry air. The baseline spectrum
of each experiment was recorded by passing dry air through the measurement chamber
until the signal measured at wavelengths of 350, 470 and 706 nm reached equilibrium. The
dynamic sensor response was also measured at the same wavelengths.

The optical fibre sensor response (SR) was calculated using

SR=100(Iop-1) / Io , 4)
where Iy and I describe the light intensities of the PDDA*/TSPP- film in the absence and
presence of the analyte gas, respectively, measured at a given wavelength.
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3. Results and Discussion

3.1 Optical spectra of PDDA’/TSPP" alternate layers

The assembly of the PDDA and TSPP layers after each deposition cycle was measured by
monitoring the optical change in the transmission spectra of the optical fibre. Fig. 8 shows
the evolution of the transmission spectrum of the optical fibre during the deposition of a
five-cycle PDDA*/TSPP- thin film.

30004

base line

25004
20004
1500 1

10001

Intensity / mV

500

200 300 400 500 600 700 800
Wavelength / nm

Fig. 8. Evolution of the transmission spectra (data as measured) as a multilayer film of
PDDA*/TSPP- that was deposited onto a 200 um core diameter multimode optical fibre with
a stripped silica core of 1 cm

The absorbance spectra were derived from the transmission spectra using eq. (2), Figure 9a.
The largest absorbance due to the deposition of the (PDDA*/TSPP-) bilayer was observed at
a wavelength of 420 nm, which corresponds to the Soret band. The absorbance increased in
proportion to the number of adsorption cycles (Fig. 9a). The absorbance spectra of the
(PDDA*/TSPP) film are characterized by a double peak in the Soret band occurring at 420
and 480 nm, and by a pronounced peak of the Q band at 706 nm. These spectral
characteristics suggest that TSPP molecules exist in the J-aggregate state, in which the
absorbance maxima of the Soret and Q bands are red-shifted compared with those in the
monomeric state (Agira et al., 1997; Gregory van Patten et al., 2000; Snitka et al., 2005). The
aggregation state of TSPP and hence its spectral features are controlled by the
protonation/deprotonation of the porphyrin pyrrole ring (Agira et al., 1997). Fig. 9b shows
the absorbance change monitored at two Soret bands (420 and 480 nm) and at the Q band
(706 nm) versus the number of adsorption cycles.
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Fig. 9. Evolution of the spectrum as a multilayer film of PDDA*/TSPP- that was deposited
onto a 200 pm core diameter multimode optical fibre with a stripped silica core of 1 cm: (a)
absorbance spectra (derived from the transmission spectra using eq. (2); (b) absorbance
change due to film deposition monitored at wavelengths of 420 nm (squares), 480 nm
(circles), and 706 nm (triangles).

3.2 Optical response to ammonia
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Fig. 10. Optical transmission difference spectra of the optical fibre consisting of a five-cycle
PDDA*/TSPP- alternate film for ammonia concentrations ranging from 0-20 ppm.

Ammonia-induced optical changes in the transmission spectrum of the (PDDA*/TSPP-)s
film are shown in Fig. 10. As ammonia concentration increased from 0 to 20 ppm, the
intensity change occurs at several wavelengths; at 706 nm, intensity increases, whereas at
350 and 470 nm it decreases. Upon exposure of the (PDDA*/TSPP-)5 film to ammonia, the
largest intensity change was observed at 706 nm. The interaction between ammonia and
TSPP molecules leads to the deprotonation from the pyrolle ring and hence affects the
interaction between TSPP molecules. Similarly, the largest change in absorbance is observed

www.intechopen.com
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at 706 nm (Q band), which is attributed to the aggregation structure of TSPP (Gregory van
Patten et al., 2000).

(b)

Sensor response / %

Difference intensity / mV

0 2000 4000 6000 8000

0.1 1 10
Time / sec NH, concentration / ppm

Fig. 11. (a) Dynamic response of the optical fibre consisting of a five-cycle PDDA*/TSPP-
alternate film for ammonia concentrations ranging from 0-20 ppm at 350, 470, and 706 nm.
(b) Calibration curves at 350 nm (squares), 470 nm (rhombuses), and 706 nm (circles). Lines
show the linear fitting and are used only as guidance to an eye.

The dynamic sensor response of the (PDDA*/TSPP)s film to ammonia was monitored at
350, 470 and 706 nm (Fig. 11a). As can be seen from the result, the sensor response is fully
reversible for low ammonia concentrations (up to 1 ppm). However, at higher
concentrations the recovery time of the sensor response takes a longer time to return to the
base line. The base line may be recovered when flushed with air for sufficient time, as
shown in Fig. 11a. Alternatively, the sensor response can be regenerated by rinsing for a few
seconds in distilled water (Korposh et al., 2006). The calibration curve at each wavelength
was plotted from the recorded spectra at given ammonia concentrations. The sensor shows
linear responses at all wavelengths for a wide concentration range from 0.1 to 20 ppm and
the highest sensitivity was observed at 706 nm (Fig. 11b).

Table 1 shows a summary of the sensor parameters, including sensitivity, response and
recovery times and limit of detection (LOD) measured at different wavelengths. The
response and recovery times (fo) of the sensor to increasing ammonia concentration were
within 1.6-2.5 min and 1.8-3.2 min, respectively (see Fig 11a). The sensitivity of the sensor
depends on the wavelength and has different directions; for 350 and 470 nm, it is negative,
and for 706 nm it is positive. The highest sensitivity was measured at 706 nm, corresponding
to the optical change of the Q band of TSPP.

The current sensor system has a limit of detection (LOD) on the ppm order ranging from 0.9
to 2.6 ppm. The limit of detection was defined according to LOD=3c/m, where ¢ ~ 0.31 is
the standard deviation, and m is the slope (AZAc) of the calibration curve, where c is the
ammonia concentration and I is the measured intensity (mV) (Swartz & Krull, 1997). The
presence of different features in the optical spectrum after exposing the PDDA*/TSPP- film
to ammonia offers the ability to create a low-cost fibre optic sensor by selecting a LED and a
photodiode with parameters that will coincide with the wavelength at which the largest
ammonia-induced changes were observed (706 nm). Difference spectra derived from Fig. 8
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were obtained by subtracting a spectrum measured in ammonia atmosphere from a

spectrum measured in air.

wavelength| aSensitivity | bResponse time |b Recovery time| Linear range | <LOD
/ nm / slope / min / min / ppm / ppm
350 -0.50 + 0.08 2.0 1.8 0.1-20 1.90
470 -0.35 £ 0.06 25 24 0.1-20 2.65
706 0.98 £0.07 1.6 3.2 0.1-20 0.90

a Slope calculated from the calibration curve (Fig. 11b).

b Response and recovery times determined as the interval needed for the signal to
achieve 90% of their saturated condition when measured of an NHj; concentration of 10
ppm.
¢ LOD: limit of detection.

Table 1. Summary of the sensors parameters (sensitivity, response and recovery times, and
limit of detection) for the five-cycle PDDA*/TSPP- film.

3.3 Sensing mechanism

Porphyrin compounds can be used as sensitive elements for optical sensors because their
optical properties (absorbance and fluorescence features) depend on the environmental
conditions in which chemicals are present (Takagi et al., 2006). Generally, the change of
porphyrin absorption spectra is induced by (i) solvent effects, (ii) redox reactions, (iii) the
protonation or metallation of core nitrogen atoms, (iv) n-11 electron interaction, (v) electronic
changes due to structural changes such as flattening or distortion, or (vi) interactions
between porphyrins (aggregation) (Takagi et al., 2006). The alternation of the spectral
features observed when the (PDDA*/TSPP-)s film was exposed to ammonia (Fig. 10
suggests the following mechanisms of the interaction between TSPP and ammonia gas:

(i) Interaction between ammonia and porphyrin compounds leads to the deprotonation of
the TSPP pyrolle ring and the formation of ammonium ions, as shown in Fig. 12. This
deprotonation leads to the disruption of J-aggregation and is mainly accompanied by
spectral changes occurring at 470 and 706 nm (Agira et al., 1997; Gregory van Patten et
al., 2000; Takagi et al., 2006);

(ii)We can speculate that a decrease in the transmittance noted at 350 nm may be
attributed to the distortion of the aggregation structure due to the adsorption of
ammonia (Takagi et al., 2006);

The above mentioned sensing mechanisms are mainly based on the dissociation of J-
aggregated TSPP molecules and the original structure of the PDDA*/TSPP- film can be
recovered by protonation from ammonium ions. The future challenge is to test the
selectivity of the proposed device. Preliminary results obtained by exposing the fibre optic
sensor coated with the five-cycle PDDA*/TSPP- film to some of volatile organic compounds
(VOCs) revealed a higher selectivity towards amine compounds (data not shown).
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Fig. 12. Schematic representation of the interaction between ammonia and TSPP compounds
in the PDDA*/TSPP- film.

4. Conclusion

In conclusions, fibre optic sensors combined with the chemically reactive element provide a
wide range of possibilities for the development of the cheap, sensitive and highly selective
sensor systems. As an example, a fibre optic ammonia sensor based on a PDDA*/TSPP-
alternate thin film deposited on the core of a multimode optical fibre using a layer-by-layer
approach is demonstrated. The intensity of the light propagating through the optical fibre
decreases proportionally with the increase in the thickness of the TSPP layers deposited over
the optical fibre. The exposure of the five-cycle PDDA*/TSPP- film to ammonia induces
changes in the absorption spectrum via the deprotonation of TSPP, which could be observed
in the transmission spectrum of the coated optical fibre. The highest sensitivity (0.98 mV
ppm1) was observed when measured at 706 nm, which corresponds to the Q band of the
porphyrin compound; for low-cost-sensor development it is possible to use a simple LED-
photodiode system operating at around 700 nm. The sensor showed a linear sensitivity to
the presence of ammonia with a limit of detection of 0.9 ppm in the concentration range of
0.1-20 ppm and sensor response and recovery times were less than 4 min. The demonstrated
sensor offers an opportunity for the detection of different chemicals by coating an optical
fibre with an appropriate sensitive material. Further work is needed to optimize sensor
performance and to study the effect of coating thickness, relative humidity and presence of
the other chemical compounds on sensor parameters.
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