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Sol-gel clad fiber-optic waveguides are investigated as
intrinsic distributed fiber-optic chemical sensors. The
porous sol-gel cladding allows diffusion of analytes into
the evanescent field region close to the fiber-optic core.
Pulsed optical excitation (0.5 ns) and time-resolved
emission detection can be used to simultaneously monitor
several multiplexed sensor clad regions along a single
optical fiber. Time-resolved detection is also demon-
strated as a means of resolving both the spatial location
and the fluorescence kinetics of intrinsic sensor chro-
mophores along the fiber-optic waveguide. Narrow band
excitation and spectrally resolved emission provide ad-
ditional experimental means for discriminating between
specific sensor clad regions. A fluorescein-doped silica
xerogel clad pH sensor and an undoped aluminosilica
xerogel clad quinone sensor are demonstrated as intrinsic
sol-gel clad fiber-optic sensors.

Fiber-optic chemical sensors provide an efficient and inexpen-
sive method for selective, in situ, real-time chemical sensing.1-4

The active sensor region of a fiber can be either immobilized at
the distal end of an optical fiber (extrinsic)2,5 or distributed along
the length of the fiber-optic waveguide (intrinsic).6,7 Submicrome-
ter sized extensive fiber-optic sensors have also been reported,8

and the development of distributed9 and multiplexed9,10 fiber-optic
sensors is of current interest.

Fiber-optic chemical sensors utilizing evanescent excitation of
sensor chromophores have been reported for a variety of
inorganic, organic, and biological analytes.5-7,11-13 For example,
electrochromic thin films can be used to monitor residual
chlorine,11 fluorescently labeled antibodies have been used as
extrinsic toxin sensors,5 bare fiber-optic cores (i.e., unclad) have
been used to detect dye molecules in solution,7 and thin polyaniline
coatings have been demonstrated as an intrinsic pH sensor.6

Distributed fiber-optic gas sensors have also been demonstrated
utilizing rubbery cladding materials [e.g., poly(dimethyl siloxane)]
that permit the diffusion of gases.12

A porous glass matrix can both greatly increase the sensor
surface area and permit diffusion of analytes into the optical
excitation region. For example, chemically etched glass fiber
cores (with pore sizes in the range 4-80 nm) have been
demonstrated as useful chemical sensors for pH, carbon monox-
ide, ammonia gas, and moisture detection,3 however, the porous
waveguide greatly increases light scattering losses.3 Porous glass
beads have also been used to covalently link sensor chromophores
(e.g., pH-dependent fluorescein derivatives).14 More recently,
sol-gel glass materials have been used as a means of nonco-
valently incorporating a variety of sensor chromophores into a
porous matrix that permits the diffusion of analytes into the
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matrix.15 A variety of doped sol-gel glasses have been demon-
strated as environmental impurity sensors.16 For example, ox-
azine-170-doped sol-gel glasses have been demonstrated as a
reversible optical sensor for ammonia and acidity,17 a variety of
pH indicators have been doped into sol-gel glasses,18 and sol-
gel glasses have also been shown to be versatile host matrices
for active enzyme systems.19-23 Miniaturized (micrometer-sized)
sol-gel-based sensors have also been demonstrated.24

A number of sol-gel-based sensors utilizing fiber-optic
waveguides have also been reported.25-28 For example, MacCraith
et al.26 have reported a pH sensor that uses evanescent wave
excitation of fluorescein-doped silica cladding at the distal end of
a fiber-optic waveguide, and an intrinsic sol-gel-based fiber-optic
oxygen sensor has been reported that is based on oxygen
quenching of the luminescence of sol-gel-incorporated ruthenium
complexes.27

Sol-gel chemistry provides a convenient method for incorpo-
rating sensor chromophores into porous inorganic glass hosts,
from which thin films and coatings can be produced by dip-coating
or spin-casting.29-31 The chemical synthesis of xerogel glasses
results in an optically clear, porous glass, with a low index of
refraction, and the ability to solvate many different sensor
chromophores. The unique chemistry and the porous nature of
the xerogel matrix make it well suited to novel optical sensor
applications.15,20,26-28

In the present study, we demonstrate a simplified pulsed
excitation and time-resolved detection technique for monitoring
intrinsic sol-gel clad sensors distributed along a fiber-optic
waveguide. Time-resolved detection allows simultaneous probing
of a distribution of multiplexed sensor regions along a single fiber-
optic waveguide. Pulsed evanescent excitation with time-resolved
emission detection can be used to spatially resolve individual
sensor regions distributed along the fiber-optic waveguide. Fur-
thermore, changes in the emission kinetics provide an additional

sensor mechanism that is independent of the chromophore
concentration and that may not be accompanied by significant
spectral changes.32

Although modulated (e.g., ∼100 MHz) evanescent excitation
combined with phased resolved fluorescence detection can be
used to resolve multiple chromophores doped into a sol-gel
matrix,13 the time-resolved fluorescence detection method pre-
sented in this study provides a simple method for simultaneously
monitoring the spectral changes, spatial location, and kinetic
changes associated with a distribution of separate intrinsic fiber-
optic sensor regions.

SOL-GEL CLAD FIBER OPTICS
Coupling the Evanescent Wave to Sol-Gel Cladding. A

fiber-optic waveguide is characterized by total internal reflection
within the fiber core. However, the evanescent field intensity that
extends into the cladding region can be used to optically excite
chromophores doped into the cladding.1 The intensity of the
evanescent field drops exponentially with distance away from the
core/cladding surface as33

I(z) ) Io exp(-z/dp) (1)

where z is the distance outside the cladding/core interface, Io is
the light intensity at the cladding/core boundary, and dp is the
penetration depth for an angle of incidence θ (greater than the
critical angle), given by33

dp

λo

4π
(n1

2 sin2 θ - n2
2)-1/2 (2)

where λo is the vacuum wavelength and n1 and n2 are the refractive
indexes of the core and the cladding material, respectively. Since
the propagation direction of the light is nearly collinear with the
fiber (i.e., θ ≈ 90°), dp ≈ λo/(4πn2), produces significant evanes-
cent intensity 1 µm away from the core. Thus, fluorophore
molecules situated within this distance can be optically excited
and can couple a significant fraction of their emission intensity
back into the fiber.

Distributed Intrinsic Sensors: Spatial Resolution by
Time-Resolved Detection. Time-resolved fluorescent detection
following pulsed excitation can be used to probe distributed
intrinsic fiber-optic sensors, resolve fluorophore locations along
the fiber, and yield the optical dynamics of the chromophore. The
spatial resolution of this technique is ultimately determined by
the fluorophore lifetime, resulting in a typical spatial resolution
of <10 cm.

The distance from the fiber front to a fluorophore-doped sol-
gel clad region is given by

where c is the speed of light in the fiber, n is the index of refraction
of the silica core, and τd is the time delay between the excitation
pulse entering and the emission pulse exiting the fiber front. By
measuring the time delay between the excitation pulse reflected
from the fiber front and the subsequent fluorescence emission
from each sensor region, the distance to each sensor location may
be determined. This provides a simple manner for distinguishing
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between different sensor regions of the optical fiber, or alterna-
tively, it can be used to spatially locate a sensor response along
a fiber uniformly clad with a particular sol-gel sensor film.

EXPERIMENTAL SECTION
Sol-Gel Matrix. Porous xerogel glass claddings were pre-

pared by the room temperature hydrolysis of metal alkoxide
solutions.34 Both silicate and aluminosilicate xerogel claddings
were applied by dip-coating silica core fibers. The silicate coatings
are prepared by mixing tetraethoxysilane (TEOS) with an ethanol
dye solution and 0.01 N hydrochloric acid in a 3:11:1 volume ratio
and mixing in a sonicator for 15 min. By controlling the
polymerization pH, the pore size distribution of silica xerogel
glasses can be controlled to trap dopant molecules, yet allow
solvent diffusion.34-36 The aluminosilicate coatings are prepared
by mixing (di-sec-butoxyaluminoxy)triethoxysilane (95%, Petrarch)
and a 2-propanol/dye solution in a 2:2 volume ratio. Separately,
distilled water and a 2-propanol/dye solution are mixed in a 1:10
volume ratio, and this alcohol/water solution is added dropwise
to the first solution during sonication.

A variety of organic sensors/fluorophores can be easily doped
into the porous xerogel glass matrix29-31 by the previous recipes.
Cresyl violet 670 perchlorate (CV, Exciton), 9-aminoacridine
hydrochloride hemihydrate 98% (AA, Aldrich), and disodium
fluorescein (FL, Exciton) were doped into the TEOS solution used
to clad the optical fibers. An undoped aluminosilica sol-gel
cladding was used to bind quinizarin to form an aluminum
complex with distinct spectral properties. No significant changes
in the fluorescence properties of the doped sol-gel glasses were
observed for aging times of 1-2 months; however, since sol-
gel-based sensor materials can evolve with age, the long term
stability of sol-gel based sensor/fluorophore systems remains
an important device application issue.37

Sol-Gel Clad Fiber. A sketch of a fiber-optic waveguide with
intrinsic sol-gel clad regions is shown in Figure 1. A silicone
clad multimode (400 µm core diameter) silica core fiber-optic
waveguide38 was purchased (General Fiber Optics, Inc.). Multiple
small sections (∼4 cm long) of the silicone cladding were then
removed using a commercial silicone remover (McGean-Rohco,
Inc.). After stripping, the bare silica core regions were rinsed
with ethanol, a 5% hydrofluoric acid solution, and distilled water.
These sections were then coated with a sol-gel film by dip-
coating39 into a dye-doped sol-gel solution. CV, AA, and FL were
used as dopants in the sol-gel solutions used to clad the optical
fibers. A single dip-coat yielded a cladding thickness of ∼1 µm,
and the processes could be repeated to increase the cladding
thickness.

Optical Setup. The basic components of the experimental
setup were chosen with an eye toward minimizing the cost and
complexity of the system, with the goal of a portable system. A
schematic of the optical setup is shown in Figure 2. A small,

nitrogen-pumped dye laser (PTI PL2300/PL201) was utilized as
the excitation source, with tunable pulses of energy 100 µJ, pulse
width of 0.5 ns, and a 20 Hz repetition rate. The fiber emission
was collected in a backscattered direction, passed through an
excitation cutoff filter, and detected using a fast photomultiplier
tube (Hamamatsu R-1635; rise time of 0.8 ns) and an inexpensive
(6-bit) 400 MHz digitizing oscilloscope (HP 54502A; rise time of
0.88 ns), yielding a ∼1 ns instrument response time without
deconvolution. A 6-bit transient digitizer was chosen to minimize
the cost of the overall system; however, this can give rise to
significant digitization noise, which can be reduced by acquiring
and adding several separate traces. For a more portable (and
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Figure 1. Schematic of a sol-gel clad fiber (not to scale)
incorporating sensor molecules (S). The porous matrix and large
surface area of the xerogel matrix enhance the number of sensor
molecules within the evanescent wave region and allow diffusion of
analytes into this region. The fibers utilized in this study consisted of
a solid silica core (400 µm diameter) with a silicone cladding (50 µm
thick) that was locally replaced with fluorophore-doped sol-gel clad
regions. The ability to spatially resolve the sensor response using
pulsed excitation and time-resolved emission detection using eq 3 is
also indicated.

Figure 2. Basic experimental arrangement consisting of a pulsed
tunable light source (N2-pumped dye laser); a few mirrors, lenses,
and optical filters; a fast PMT detector; and a 6-bit 400 MHz digitizing
oscilloscope.
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even less expensive) system, a pulsed diode laser-based excitation
source could be utilized.

RESULTS AND DISCUSSION
Below, we discuss the use of pulsed excitation and time-

resolved detection to obtain both spatial resolution and fluorophore
kinetics. Also, narrow band excitation and spectrally resolved
emission are utilized as additional means of addressing individual
intrinsic fluorophore-doped sol-gel clad regions distributed along
an optical fiber. Finally, we demonstrate time-resolved detection
of intrinsic distributed sol-gel clad fiber-optic sensors.

Time-Resolved Optical Detection. (a) Simultaneous De-
tection of Distributed Chromophores. The time-resolved
emission from a distribution of intrinsic sol-gel clad regions along
a single optical fiber can be used to independently detect the
emission of each cladding element, even in situations where
spectral overlap exists. The emissions of the different fluorophore
regions are clearly resolved if the physical distance between these
regions, ∆x, is larger than the product of the fluorophore emission
lifetime and the speed of light in the fiber core. For example, a
1 ns fluorescence lifetime and an index of refraction of n ) 1.5
yield an optimal sensor spacing of g20 cm. Furthermore, optical
fiber-based fluorescence lifetime measurement techniques40 have
been extended to simultaneously measure the fluorescence
lifetimes of several intrinsic fluorophores distributed along a single
optical fiber (Fluorophore Lifetimes, below).

(b) Spatial Resolution. Fiber-optic sensor bundles can be
used to obtain microscopic spatial resolution at the distal end of
the fiber.10 In contrast, a focus of the present study is the
investigation of intrinsic chemical sensors macroscopically dis-
tributed along a single optical fiber, e.g., suitable for environmental
sensing applications.41-43 The temporal delay between optical
excitation and emission detection of different fluorophore elements
is simply related to the distance light must travel in the fiber core
and the index of refraction of the fiber core, as given in eq 3. To
demonstrate the optical response of sol-gel clad fluorophores,
AA and CV dyes were incorporated into intrinsic regions distrib-
uted along a single fiber-optic waveguide. A fiber consisting of
two bands doped with AA and two others doped with CV is
sketched in Figure 3, along with the corresponding time-resolved
emission following pulsed excitation of this fiber. The well-
resolved CV and AA emission pulses illustrate the ability to
monitor a distribution of multiplexed fluorophores along a single
optical fiber.

When an excitation pulse wavelength of λ ) 424 nm was used
to simultaneously excite both the CV- and AA-doped sol-gel clad
regions along a silica core optical fiber, we obtained the upper
time-resolved emission trace shown in Figure 3. Fluorescence
emissions from all four of the doped sol-gel clad bands are clearly
resolved. The reflected signal from the fiber input face provides
a convenient reference point for calibrating the subsequent
fluorescence emission from the CV- and AA-doped sol-gel clad
fiber regions. The time delay of the different emission pulses
correlates with the spatial locations of the corresponding fluoro-

phore-doped sol-gel clad regions along the fiber, as given by eq
3 (e.g.,∼5 ft separation between each band). The different relative
intensities from the different sol-gel regions result from fiber
propagation losses and variations in cladding thickness and were
not a focus of this study.

(c) Fluorophore Lifetimes. It is straightforward to extend
fiber-optic fluorescence lifetime techniques40 to obtain simulta-
neous fluorescence lifetime measurements on several intrinsic
sol-gel clad fluorophores. The temporal profile of each individual
emission band is characteristic of the fluorescence lifetimes of
the corresponding fluorophore. Since both the 0.5 ns excitation
pulse and the optical transit time across a 4 cm wide sensor
element (0.13 ns) are short relative to the fluorescence lifetimes
of the chromophores in this study, the time-resolved emission
can be used to probe the emission kinetics of the fluorophores,
as shown in Figure 4. The smooth curve in Figure 4 is a least-
squares fit of a sum of exponential decays (with appropriate time
offsets corresponding to the spatial locations of the fluorophore
bands along the fiber). The least-squares fit yields values of 11.5
( 0.5 ns for the AA fluorescence bands and 3.5 ( 0.4 ns for the
last CV emission band (95% confidence limits). The point should
be stressed that the goal of the measurement in Figure 4 was
simply to detect and correlate emission maxima with the location
of doped sol-gel clad regions; i.e., no attempt was made to
optimize the conditions for measuring fluorescence lifetimes.
Nevertheless, even this relatively crude measurement could
differentiate and identify fluorophores on the basis of their
emission kinetics. Improved kinetic resolution can easily be
obtained by adding several traces together to alleviate the 6-bit
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Figure 3. (Above) Schematic of the spatial location of intrinsic
chromophore-doped sol-gel clad regions along an optical fiber. The
corresponding time-resolved emission following pulsed laser excitation
of the sol-gel clad fiber-optic wavequide is also shown. The vertical
lines correlate the different emission signals with the corresponding
fiber cladding regions. The upper trace was obtained with an excitation
wavelength of 424 nm and detection of all emission g475 nm. In the
lower trace, the time-resolved emission intensity from the AA chro-
mophores was selectively reduced by shifting the excitation wave-
length to the red of the AA absorption (e.g., λex ) 560 nm).
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dynamic range of the transient digitizer, by acquiring several
traces on different digitizer voltage scales to minimize saturation
and to utilize the full dynamic range for emission bands of varying
intensity, and by spatially separating the sol-gel clad regions to
reduced band congestion and optical reflections.

The ability to resolve the fluorophore decay kinetics of a
distributed array of intrinsic chromophore regions along the fiber-
optic indicates that changes in fluorescence kinetics may be used
as an additional variable for detecting the individual responses of
a distribution of intrinsic sensors.1,32 A sensor device based upon
kinetic changes can alleviate sensor degradation and leaching
problems, since the emission lifetime is insensitive to chro-
mophore concentration.

Spectral Resolution. Selective optical excitation and detec-
tion of an integrated array of sensor elements can be obtained
utilizing tunable narrow band excitation combined with spectrally
and temporally resolved emission of multiple chromophore ele-
ments. To illustrate this, a λ ) 424 nm excitation pulse is used
to simultaneously excite CV- and AA-doped sol-gel clad regions
along a silica core optical fiber, as indicated by the upper time-
resolved emission trace shown in Figure 3. Fluorescence emis-
sions from all four of the chromophore-doped cladding bands are
observed since the photon energy of the excitation pulse is
sufficient to excite both the AA and the CV chromophores.

The CV and AA absorption bands shown in Figure 5 indicate
that longer wavelength excitation (e.g., λ ) 590 nm) can be used
to preferentially excite only the CV-doped sol-gel clad regions,
as shown in the lower trace in Figure 3. In addition, spectral
filtering of the emission can also be used to discriminate between
AA and CV emission due to the well-resolved emission bands,
also shown in Figure 5. For example, even when both the AA
and CV chromophores are excited, a λ g 560 nm emission cutoff

filter transmits only the redder CV emission (not shown), resulting
in an emission trace similar to the lower trace in Figure 3.

Intrinsic Sol-Gel Clad Fiber-Optic Sensors. In the fol-
lowing sections, time-resolved optical detection of prototypical
sol-gel clad fiber-optic sensor waveguides is demonstrated. The
porous nature of the xerogel allows diffusion of analyte species
into the evanescent field region of the cladding, where they can
be optically detected. A FL-doped silica xerogel clad fiber and
an undoped aluminosilica xerogel clad fiber are demonstrated as
intrinsic pH and quinone sensors, respectively.

(a) pH Sensor. The absorption maximum of FL in a porous
silica xerogel (SX) shifts from 490 nm in a pH ) 7 solution to 440
nm when immersed in a pH ) 2 solution, as shown in Figure 6a.
The origins of the pH-induced spectral shifts observed for
fluorescein in solution and in sol-gel matrices are discussed in
ref 44 and 45, respectively. The large pH-induced change in the
FL absorption spectrum indicates that protons (and associated
ions) are able to easily diffuse through the porous xerogel matrix.
A 7 m long fiber with a single FL-doped sol-gel clad region was
utilized as a prototypical intrinsic optical fiber pH sensor. Using
an excitation wavelength of 500 nm, the emission intensity from
the FL-doped sol-gel clad region was observed to decrease as
the pH of the solution surrounding the cladding region was
lowered, as shown in Figure 7a. At lower pH, the FL/SX
absorbance at 500 nm is reduced (as shown in Figure 6a),
resulting in a corresponding decrease in emission intensity.
Reflections of the excitation pulse off of both the front and the
distal ends of the 7 m long fiber are useful reference points. In
between every new pH measurement, a control measurement at
pH ) 7 was taken to ensure that cladding degradation and/or
laser fluctuations were not responsible for the observed changes.
The intensity of these control measurements (not shown) varied

(44) Fuji, T.; Ishii, A.; Kurihara, Y.; Anpo, M. Res. Chem. Intermed. 1993, 19,
333-342.

(45) Shamansky, L. M.; Yang, M.; Olteanu, M.; Chronister, E. L. Mater. Lett.
1996, 26, 113-119.

Figure 4. Time-resolved emission from aminoacridine (AA)- and
cresyl violet (CV)-doped sol-gel clad regions distributed along a 9
m long fiber-optic waveguide (dashed curve). The solid curve is a
least-squares fit of the data to a sum of time-offset exponential decays
(corresponding to the locations of the fluorophore bands along the
fiber). This fit yields values of 3.5 ( 0.4 ns for the CV emission bands
and 11.5 ( 0.5 ns for the AA emission bands.

Figure 5. Absorption (solid line) and emission (dotted line) spectra
of aminoacridine (AA) and cresyl violet (CV). The well-resolved
absorption and emission bands of these two chromophores facilitate
selective excitation and/or emission from different sol-gel clad regions
along the fiber-optic waveguide, as illustrated in Figure 3.
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by only (4% over the six pH measurements, demonstrating the
reversibility of the pH sensor. Furthermore, the titration of the
time-resolved sensor emission intensity, shown in Figure 7b, is
similar to static spectroscopic studies of FL in solution and doped
into SX monoliths.45

(b) Quinone Sensor. The pores of the sol-gel matrix are
large enough to allow the diffusion of larger organic analytes into
the evanescent detection region. An aluminosilica xerogel (ASX)
clad region of a fiber-optic waveguide was exposed to a 10-3 M
quinizarin (Q) solution, allowing Q to diffuse into the ASX cladding
and irreversibly bind to aluminum in the matrix, forming a Q-Al
complex with a distinct spectral signature. The complexation of
Q by the ASX matrix can be spectroscopically monitored using
the absorption origin of the Q absorption spectrum, which shifts
from a wavelength of 520 to 560 nm upon complexation with Al
within the ASX matrix,46,47 as shown in Figure 6b. The time-
resolved emission trace shown in Figure 8 was obtained using
560 nm excitation to probe for the formation of the Q-Al complex
following exposure of an ASX clad region to a 10-3 M Q solution.
The increase in emission intensity with Q uptake is due to the
increased absorption of the Q-Al complex at the excitation
wavelength. Since the Q chromophore binds irreversibly, the ASX

matrix continues to bind more Q until the accessible sites of the
matrix are saturated. It is difficult to quantify the sensitivity of
this irreversible sensor, since the signal intensity is more a
function of the absolute number of Q molecules in solution (versus
the Q concentration). For example, an ASX sample immersed in
a large volume of a dilute Q solution can eventually bind more Q
compared to a smaller volume of a more concentrated solution.

The response time for binding of Q by the ASX matrix can be
complex due to competing factors such as diffusion of Q through
solution, diffusion of Q through the pores of the ASX matrix,
binding of Q by the ASX matrix, and saturation of the accessible
binding sites. Due to the size of the Q analyte, the time necessary
for Q to diffuse into the evanescent region of the sol-gel cladding
may be significant. Although 30 min was needed to obtain a
saturated maximum intensity, a significant signal (∼25% of
maximum) was obtained almost instantaneously (∼1 s). The
dotted trace in Figure 8 shows the appearance of a second Q-Al
emission band following exposure of a second intrinsic ASX band
to a 10-3 M Q solution.

(46) Allen, N.; Hayes, G.; Riley, P.; Richards, A. J. Photochem. 1987, 38, 365-
373.

(47) Basché, Th.; Bräuchle, C. J. Phys. Chem. 1991, 95, 7130-7131.

Figure 6. (a) Absorption spectrum of fluorescein in a silica xerogel
immersed in two different pH solutions of pH ) 2 (dashed curve) and
pH ) 7 (solid curve).45 The 500 nm excitation wavelength used in
Figure 7 is more strongly absorbed by the high pH form of FL. (b)
Quinizarin absorption spectrum, which shifts to the red upon com-
plexation with aluminum in the ASX matrix. The 560 nm excitation
wavelength used in Figure 8 is more strongly absorbed by the Q-Al
complex formed as Q binds to the ASX cladding.

a)

b)

Figure 7. (a) Time-resolved emission intensity following pulsed
evanescent excitation (at λex ) 500 nm) of an intrinsic fluorescein-
doped sol-gel clad region on a 7 m long fiber-optic waveguide. Since
500 nm is near the absorption maximum of the high-pH form of
fluorescein (as shown in Figure 6a), a decrease in absorption (and
emission) is observed as the pH is lowered. The arrows indicate the
order in which the different pH measurements were performed.
Reflections of the excitation pulse off of both the front and the distal
ends of the 7 m long fiber are shown for reference. (b) The results
from part a yield a pH titration curve for the time-resolved fiber-optic
sensor. The arrows indicate the order in which the pH changes were
made, except for pH ) 7 control measurements (not shown), which
were taken between each pH change.
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CONCLUSIONS
Pulsed evanescent excitation and time-resolved detection have

been demonstrated as a technique to simultaneously probe
intrinsic sol-gel clad sensor elements distributed along a single

fiber-optic waveguide. In addition, the temporal delay associated
with each emission band is used to spatially resolve the intrinsic
fluorophore regions along the fiber. Time-resolved emission has
also been used to resolve the emission kinetics for an array of
intrinsic sol-gel clad fluorophore regions along the fiber-optic
waveguide. Frequency-selective excitation and/or detection can
also be used in conjunction with time-resolved detection to further
discriminate or address specific sol-gel clad regions. A fluores-
cein- doped silica xerogel clad fiber and an undoped aluminosilica
xerogel clad fiber have been demonstrated as intrinsic pH and
quinone sensors, respectively.
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Figure 8. Results of using an excitation wavelength of 560 nm to
detect the presence of quinizarin in a 10-3 M solution surrounding
an ASX clad region of a fiber-optic waveguide. As quinizarin diffuses
into the ASX cladding, it binds to form a Q-Al complex, which is
detected by an increase in the absorbance at 560 nm, with a
corresponding increase in the emission intensity from the Q-Al
fluorophore. Due to the size of the Q analyte, there is a response
time for Q to diffuse into the evanescent region of the sol-gel
cladding. The dotted trace shows the result following the subsequent
exposure of a second intrinsic ASX band on the same fiber to the
10-3 M quinizarin solution.
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