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The results of synthesis of Ag-Polyaniline nanocomposite along with an investigation of optical fiber
based humidity sensor using evanescent wave absorption spectroscopy are discussed. The sensor was
fabricated using Ag-Polyaniline nanocomposite deposited on an optical fiber clad and tested in the range
vailable online 14 December 2009
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of 5–95% relative humidity (RH). Optimization of clad length (2–8 mm) was done and then particle size
(15–30 nm) variation of silver nanoparticles in Polyaniline composite was studied for better performance
of sensor. The effect of particle size on sensing humidity was investigated. The reduction of particle size,
leads to a dramatic improvement in sensitivity and speed of response. The optimized clad length of 6 mm
exhibits the better results for 15 nm particle size of Ag nanoparticles dispersed in Polyaniline. The sensor
response is fully reversible having almost 1% of standard deviation. Response time of the sensor is 30 s

0 s.
elative humidity with a slow recovery of 9

. Introduction

Industrial processes and human comfort, both, need to mea-
ure and control the humidity in the environment. In recent years,
he need of humidity sensor has greatly increased because of
ts applications; in control of air conditioning, quality control of
ood products in a wide range of industries, paper and textile
ndustries, optimal functioning of modern solid state electronic
quipment, civil engineering etc. The operating conditions and
equirements of humidity sensors depend on the field of applica-
ion. Therefore, development of low cost humidity sensors with
etter specifications is required. Polymer (plastic) fibers have
umerous advantages in short-haul applications over glass fibers.
irst and foremost it is more pliable i.e. having the ability of Plex-
glas to warp and bend versus a plate of window glass. POF has a
horter bend radius, more flexible and resistant to damage than
lass optical fiber due to its intrinsic material characteristics. It is
asier to terminate, polish, and connect as well, which can reduce
he cost of installation and maintenance. Also the plastic opti-

al fiber has advantages such as low cost, ease of handling and
mmunity from electromagnetic interference [1–5]. The number
f fiber optic humidity sensors employing different concepts has
een reported in the literature. Point sensors have been reported
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which use the end of the fiber coated with either a metal or dielec-
tric film [6]. Special fibers with the cladding removed and replaced
with porous silica or polymer are used by Ogawa et al. and Ronot
et al. [7,8]. The spectral absorption of CoCl2 entrapped in gelatine
or polymer host when coated on fiber is also used for gas sensing
[9,10]. The polished clad of the fiber with an overlay of RH depen-
dent refractive index material is reported by Bownass et al. The
polymeric composites show a sudden change in the refractive index
leading to different switching points for the sensor allowing them
to respond at different humidity levels [11,12].

Polymers are identified as good candidates for practical appli-
cations, since they are compatible to oxides and ceramics and also
can be used at room temperature [13–15]. Nanocrystalline materi-
als have also been a subject of intense research in the recent years
due to the unusual properties exhibited by them. Nanocomposites
are characterized by the dispersion of nanosized metals like silver,
copper or nickel or semiconductors within an inert matrix [16].
The dispersiods have a large surface to volume ratio. This makes
them potentially attractive for sensing purposes because of innu-
merable surface sites offered for physisorption of water molecules.
The synthesis of nanocrystalline nickel oxide by controlled oxida-
tion of Nickel nanoparticles and their humidity sensing properties
are discussed by Das et al. [17], whereas Pal et al. [18] have explored

the possibilities of using nanocomposites containing silver parti-
cles grown within a glass barium titanate composite by an ion
exchange process followed by reduction technique for humidity
sensing. Nano-like Magnesium oxide films were studied as optical
fiber humidity sensor by Shukla et al. [19] and Vijayan et al. [20]
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as reported optical fiber humidity sensor based on Co-Polyaniline
anocomposites.

The sensing mechanism can be affected by the particle size of
he material. It is found that the Indium Tin Oxide ethanol gas sen-
or is having better sensitivity with finer particle size compared to
arger one. [21]. Particle size and doping have also been reported
22] to influence the performance of SnO2 gas sensors. Yamazeo
nd Miura [23] studied the effect of grain size on the sensitivity
f SnO2 gas sensors and concluded that the sensitivity to both CO
nd H2 increased considerably as grain size was reduced. Particle
ize effect was studied on porous Sol–Gel doped cladding U-shaped
ptical fiber for measurement of critical micelle concentration by
ingh and Ogita [24]. Test results show that the sensitivity of the
mall particle size porous sol–gel cladding U-shaped optical fiber
n sensing region is higher than that of large particle size sol–gel
ladding-based U-shaped.

The aim of the present study is to realize a plastic optical
ber-based relative humidity sensor with better sensitivity and
perational range. An evanescent wave fiber optic humidity sen-
or is constructed by using Ag-Polyaniline nanocomposite with
ariable particle sizes of Ag in Polyaniline cladded on bare clad of
ultimode fiber. The effect of particle size variation of silver in

olymeric composite is studied in brief.

. Experimentation

.1. Synthesis of Ag nanoparticles

The synthesis method used is a modified version of the one
riginally used by Reetz and Helbig for Pd nanoparticles [25,26].
he electrochemical method is suitable for the synthesis of metal
anoparticles. An inexpensive two electrode electrochemical cell
as devised in which the anode is in the form of bulk metal sheet to

e transformed into corresponding metal ions. Platinum in the form
f foil serves as a cathode. The distance between the two electrodes
as 0.5 cm and was kept fixed.

An electrolyte containing a mixture of 80 ml of acetonitrile and

0 ml of Tetrahydrofuran (THF) (ratio 4:1) along with 0.55 mg of
apping agent viz. Tetraoctylammoniumbromide (TOAB) was used.
he solvents used were freshly distilled. The experimental setup is
hown in Fig. 1. Electrolysis was carried out at room temperature,
nder nitrogen atmosphere for few hours in constant current mode.

Fig. 1. Electrochemical cell for synthesis of metallic Ag nanoparticles.
1 (2010) 320–326 321

A black precipitate of Ag nanoparticles settle down, whereby, a free
flowing powder of Ag is obtained.

Initially the solvents i.e. acetonitrile and THF were taken in the
electrochemical (E/C) cell and nitrogen bubbling was started with
continuous stirring of solution. After about 6 h the capping agent
i.e. TOAB was added to the E/C cell which dissolves immediately in
the mixture of solvents. The electrolyte was continuously stirred
using magnetic stirrer during the electrolysis period. Thus in the
overall process the bulk metal (Ag) was oxidized at the anode. The
Ag cations migrated to the cathode and reduction takes place with
formation of Ag in zero oxidation state. Agglomeration with forma-
tion of undesired metal powder was prevented by the presence of
the ammonium stabilizers.

The nanoparticles were separated by centrifugation and
washed at least three times with acetonitrile. They were
immediately vacuum dried at room temperature. The synthe-
sized nanoparticles were dispersed in acetonitrile for further
characterization.

2.2. Preparation of Ag-Polyaniline nanocomposite

All the chemicals and monomer used were of Analytical
Reagents (AR) grade and used as received. The solutions were
prepared using double distilled water. The polymerization was ini-
tiated by the drop wise addition of the oxidizing agent, (NH4)2S2O8
(dissolved in minimum amount of water) in an acidified solution
of monomer containing 50 wt.% of silver nanoparticles under con-
stant stirring at 0–5 ◦C. Para toluene sulphonic acid (p-TSA) was
used as a dopant, during the in-situ polymerization. The monomer
to oxidizing agent ratio was kept as 1:1. After complete addition of
the oxidizing agent, the reaction mixture was capped by stopper
and kept under stirring for 24 h. The greenish black precipitate of
the polymer was isolated by filtration and conditioned by washing
and drying in an oven at 60 ◦C for 12 h. The solution so formed was
further used for experimentation.

2.3. Working of Ag-Polyaniline Sensor

To fabricate Ag-Polyaniline-based humidity sensor, plastic opti-
cal fiber (POF) of length 30 cm was used. At the central portion of
optical fiber, insulating cover was removed and then carefully the
clad of the fiber was removed by heat treatment. This bare portion
of the fiber was dip coated with Ag-Polyaniline nanocomposite to
get humidity sensitive clad. This coated fiber was further bent to a
‘U’ shape with a bent radius of 10 mm taking into considerations the
penetration depth considerations as reported by Gupta et al. [27]
and Khijwania et al. [28]. The plastic optical fiber has a polymethyl-
methacrylate (PMMA) core of approximately 980 �m thickness,
with 20 �m thick cladding made of fluoride containing carbon poly-
mer. The refractive indices of the core and cladding were 1.492
and 1.417 respectively. The total diameter of the plastic optical
fiber was 2.2 mm with PVC protecting sheath. The fiber end was
wet polished with 600-grain sandpaper for predetermined time to
maximize the optical power coupling to the plastic optical fiber.
The ends of the plastic optical fiber were connected to a transmit-
ter and receiver. Siemens PFC (plastic fiber components) emitters
and detectors were used, which are low cost components. SFH450
emitter diode having a peak emission wavelength of 950 nm and
a phototransistor SFH350 (responsivity of 0.3 �A/ �W) was used
as a transmitter and detector respectively. The advantage of the
Siemens PFC’s is the housing aperture into which a plastic optical

fiber was introduced without having to remove the cladding, with
an additional benefit of directly centering the fiber onto the trans-
mitter and detector. A +5 V power supply was used to power the
transmitter and the detector. The experimental setup is as shown
in Fig. 2.
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3.3. FTIR of Ag-Polyaniline nanocomposite

Fig. 5 shows the FTIR spectra of Ag-Polyaniline nanocompos-
ite for variable sizes of silver nanoparticles. The peak observed
Fig. 2. Experimental setup for

A dome of 6 l capacity was used for RH measurement; values
f RH were adjusted by proper inlet of wet/dry air at room tem-
erature (25–30 ◦C). The transmitted output light intensity was
easured with respect to relative humidity for various values of

lad length and particle size of Ag in Polyaniline. First the length of
ladding was optimized and then the particle size dependence was
tudied. The change in the %RH was measured directly, using a pre-
alibrated hygrometer (Vaisala Humidity & Temperature Indicator
MI 31). The output voltage of the receiver (detector) as a result of
hange in humidity was measured using a Rishcom digital multi-
eter (Agilent DMM U1241A). The material characterization was

one by X-Ray Diffraction (XRD) (for phases and size), UV–visible
pectroscopy (UV), Fourier Transform Infrared Spectroscopy (FTIR)
nd Scanning Electron Microscopy (SEM).

.4. Structural characterization

X-Ray diffraction was performed with a Philips X-Ray diffrac-
ometer (CuK� as radiating wavelength). UV–vis spectra of the
anocomposites in acetonitrile were recorded by using Perkin
lmer spectrophotometer in the range of 200–800 nm. FTIR spec-
ra of the samples were recorded on a Perkin Elmer-Spectrum 2000
pectrophotometer operated between 400 and 4000 cm−1 in a KBr
edium. The powder morphology of the composites in the form of

lm was investigated with an Analytical Scanning Electron micro-
cope JOEL JSM 6360A.

. Results and discussion

.1. XRD of Ag-Polyaniline nanocomposite

Generally Polyaniline is amorphous in nature and hence there
re no sharp peaks found for Polyaniline. Literature study shows
hat Polyaniline is having peaks at 11◦, 19◦, 16◦ and 56◦. Fig. 3
hows the XRD spectra of Ag-Polyaniline nanocomposite with vari-
ble sizes of silver nanoparticles where intense peaks having 2�
alues of 26◦ and 56◦ correspond to the peaks for Polyaniline [29].
specially the sharp peak at 26◦ (in our case) reveals the crystalline
ature of the composite resulted due to the sequential growth of
olyaniline chain on the silver nanoparticles. Intense sharp peaks of

ilver sulphide are seen at 2� values 35◦ and 37.2◦ with correspond-
ng planes (0 2 2) and (1 0 3). Peaks corresponding to 2� values 38.2◦

nd 44.2◦ reveal the crystalline nature of silver in planes (1 1 1) and
2 0 0) respectively. 2� values of 53.9◦ gives the corresponding peak
f AgCl in (2 0 1) plane.
urement of relative humidity.

The particle size of silver nanoparticles is calculated from XRD
with the help of Scherer formula. Fig. 3 shows the variation of par-
ticle size of silver nanoparticles where the peak intensity is shifting
as per the particle sizes. As particle size increases, XRD peak height
increases for the same material [30].

3.2. UV–visible spectra of Ag-Polyaniline nanocomposite

Fig. 4 shows UV–vis absorption spectra of Ag-Polyaniline
nanocomposite for different silver particle sizes. The absorption
peaks around 400–420 nm originating from the surface plasmon
resonance absorption of nanosized silver particles. UV–visible spec-
tra show that the prominent peak of silver is shifting from 420
to 400 nm with decrease in particle size. Particle size reduction is
supported by shift in absorption peak from blue to red region of
wavelength [31]. Thus for bigger particle size of silver (30 nm), the
absorption peak is found at 420 nm and for smaller particle size
(15 nm) that is shifting towards 400 nm.
Fig. 3. XRD spectrum of Ag-Polyaniline nanocomposite for variable sizes of Ag.
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ig. 4. UV–vis spectra of Ag-Polyaniline nanocomposite with Ag particle size varia-
ion.

t 812.90 cm−1 is the characteristic of paradistributed aromatic
ings indicating polymer formation. C–H in plane and C–H out
f plane, bending vibrations appear at 1122.58 and 683.87 cm−1,
espectively. Aromatic C–N stretching indicating appearance of
he secondary aromatic amine group is observed at 1303.22 cm−1.
f particular interest are the bands in the vicinity of 1399.07
nd 1586.88 cm−1 corresponding to the benzoid ring and quinoid
ing modes respectively. The presence of these bands clearly
hows that the polymer is composed of insulating and conduct-
ng phase of the polymer. Band at 3437.08 cm−1 is assigned to
–H stretching vibrations. Band at 2922.21 cm−1 is assigned to
romatic C–H stretching vibration. The conducting ES phase of
he polymer is confirmed by the presence of these characteris-
ic bands. The metal oxygen stretching frequency of Ag–O is at
67 cm−1.

The FTIR spectra of variable particle sizes of Ag dispersed in

olyaniline shows that as the particle size decreases, the FTIR
pectrum is shifting downwards [32]. Thus these FTIR spectra are
upporting to the variable sizes of silver nanoparticles.

ig. 5. FTIR spectra of Ag-Polyaniline nanocomposites with Ag particle size varia-
ion.
1 (2010) 320–326 323

3.4. SEM of Ag-Polyaniline nanocomposite

The SEM micrographs of the films of Ag-Polyaniline nanocom-
posites of various particle sizes are as shown in Fig. 6. The grains
structures are observed. For lower particle sizes the sponge like
structures are observed. As the particle size increases, the films
appear more compact. With increasing particle size the porosity
decreases. For lower particle sizes (Fig. 6(a) and (b)) film appears to
be more porous. Such composites are likely to facilitate adsorption
of water vapors because of the pores which help to sense humid-
ity. For higher particle sizes (Fig. 6(c)–(e)) the porous nature of the
films decreases with decrease in sensitivity.

4. Humidity response

Optical fiber-based Ag-Polyaniline humidity sensor works on
the principle of the evanescent wave adsorption. As the electromag-
netic wave in the form of incident light guided propagates through
the sensing region, the optical power in evanescent tail of the prop-
agating mode is absorbed with the change in the environmental
parameter i.e. humidity. This results in a modulated output from
the fiber, which is used as the criterion for detecting and determin-
ing the relative humidity in the surrounding environment. As there
is difference between refractive indices of core and cladding, the
light traveling through the fiber is divided into two parts. A small
portion of the optical power in the guided modes extends to the
cladding region and interacts with the clad and larger portion of the
optical power is available in the sensing region. This light is inter-
acting with the mediating reagent in the coated film which gives an
outward shift in the peak intensity of the light travelling through
the fiber. This phenomenon of sensing is also supported by bend-
ing of the fiber. The response of the optical fiber towards humidity
is checked for bare i.e. PMMA based fiber. As PMMA itself is good
sensing material for humidity, the correction for the same is done.
The optical fiber has a core refractive index of 1.492 which is greater
than the refractive index (1.413) of the coated film used. The core
and clad refractive index difference results in more leaky radiation
field which maintains total internal reflection in the cladding. This
phenomenon confines more power in the cylindrical waveguide.
For higher humidity the confinement of light in the fiber is more
as the refractive index decreases with increase in the humidity and
vice versa. The change in output with respect to change in input is
known as sensitivity which increases with increase in humidity.

To study the Ag-Polyaniline-based humidity sensor in detail,
several experiments for clad-length variation of optical fiber and
particle size variation of Ag in polymeric nanocomposite were done.
Fig. 7 shows the effect of variation of Ag-Polyaniline deposited clad
of an optical fiber on humidity response. The length of deposited
clad was varied from 2–8 mm. From Fig. 7 it is cleared that the clad
with 6 mm length shows maximum sensitivity towards humidity.
There is gradual increase in the sensitivity with increase in clad
lengths upto 6 mm. This is because the increase in clad length
causes availability of larger interacting area for adsorption of
hydroxyl ions which causes increase in the sensitivity. Adsorption
of water changes the transmission properties of nanocomposite
films which lead to a change in the effective refractive index. As
the evanescent tail has only a small fraction of power, a longer
portion of fiber is needed to be coated to have an effective inter-
action of light with the nanocomposite and hence a detectable
change at the output. Bending the fiber transfers power from
the guided modes to the leaky modes, providing more power

to interact with the nanocomposite in the sensing region. This
results in high sensitivity with a relatively small interaction length
[27,28]. Hence 6 mm of clad length was considered as an ‘opti-
mal length’ which gives maximum confinement to the transmitting
beam. Though the clad-length variation study shows 10 mm opti-
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Fig. 6. Scanning Electron Micrograph (SEM) of Ag-Polyaniline nanocompo

ized clad length for Co-Polyaniline nanocomposites reported
y Vijayan et al. [20], 6 mm is optimized for the Ag-Polyaniline
anocomposite. This variation in clad length is because the dif-

erent material properties of the nanoparticles used as a cladding
aterial. Because of the Co nanoparticles, more attenuation takes

lace in the transmitted light. Hence the active surface area
vailable for sensing mechanism increases resulting in the large
lad length of 10 mm for maximum sensitivity. The large sur-
ace area Ag nanoparticles require smaller active area for higher
ensitivity applications. Hence the 6 mm of clad length is opti-
ized for Ag-Polyaniline nanocomposite. Thus beyond the clad

ength of 6 mm, the sensitivity of this typical Ag-Polyaniline sen-

or decreases because of the decrease in confined light through
he fiber. This might be happening due to the absorption of trans-

itted light by cladding material in addition to the obvious losses
ffered by the fiber which decreases the intensity relatively the
ensitivity.
or different Ag particle sizes (nm): (a) 15, (b) 18, (c) 21, (d) 24 and (e) 30.

This optimized clad length was used for further experimen-
tation for particle size variation (15–30 nm) of Ag nanoparticles
in Polyaniline composite. Fig. 8 shows the response of particle
size variation of Ag particles in Ag-Polyaniline nanocomposite
for relative humidity sensor with better sensitivity. As the rela-
tive humidity increases, the sensitivity increases. The adsorption
of water molecules on the film surfaces with large surface area
and capillary pores increases the sensitivity. The water molecules
adsorbed on the grain surface as well as in the pores. The Ag-
Polyaniline films are having nanosized grains and pores which plays
vital role in humidity sensing. The nanoscale grain size leads to
much more grain boundaries and nanopores, leading to more active

sites available for condensed water to react [33]. The higher surface
area provides more sites for water adsorption and produces more
charge carriers for electrical conduction [34]. From the graph it is
cleared that as the particle size of the Ag nanoparticles decreases,
the sensitivity of the sensor increases. Particle size of 15 nm shows
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ig. 7. Humidity response of Ag-Polyaniline nanocomposite for 2–8 mm clad
engths.

maximum sensitivity (28.78 mV/%RH) for 6 mm clad length with
lmost linear fit of the plot. It is obvious that with increasing parti-
le size, decreases the sites for adsorption of water molecules which
educes the sensitivity with respect to humidity.

This behavior is also supported by the SEM images shown in
ig. 6. The dispersion state of particles affects the performance
f the sensor. But here the Ag nanoparticles are dispersed while
olymerization of aniline. Hence more or less they are dispersed

n the same way. From Fig. 6 it is cleared that the clad is more
orous for small particle size. Hence smaller particle size of Ag
anoparticles offers more sites for interaction of water molecules
ffering maximum sensitivity. For higher particle size the num-
ers of voids are reducing which results in lower sensitivity for
umidity. Due to the pores light penetrates deeper inside the
lad elongating evanescent field of guide into clad. During this
rocess some part of the light reflects back to the guide from

lad-guide interface or scatters from the pores of the clad and
verlaps with Evanescent Field (EF) of guide at the clad-guide
nterface. This maintains the coupling between the guide and clad.
he smallest Ag particle size of 15 nm gives higher sensitivity

ig. 8. Humidity response of Ag-Polyaniline nanocomposite for variable Ag particle
izes (15–30 nm) in polymeric composite for fixed clad length of 6 mm.
Fig. 9. Humidity response for variable particle sizes of Ag in Polyaniline nanocom-
posite at 5%RH.

towards humidity. This statement is supported by Fig. 9 which
shows the response of variable particle sizes of Ag nanoparticles
in Polyaniline composite for sensing humidity at fixed humidity of
5%RH.

Also concentration of the Ag particles plays a vital role in
enhancing the sensitivity of the sensor [35]. For smaller particle
size, surface to volume ratio decreases. Hence the number of par-
ticles in the same area increases. As conducting particle density
increases, effectively sensitivity of the sensor also increases.

Small particle size of Ag in Polyaniline provides large number
of sites for conduction mechanism. Due to its small size it appears
to be having good mobility and hence has enhanced sensitivity.
The smaller particle size gives larger specific surface area [21].
The water molecules first physically adsorb on the surface of the
film and then penetrating inside the film. After penetration deep
inside the film, chemisorptions take place. The dissociation of water
molecule can be considered as surface reaction leading to the for-
mation of surface oxides. This effectively changes the boundary
conditions at cladding–guide interface increasing the beam con-
finement in the guide. Therefore, the output intensity through the
cladded guide increases. The nanoparticles study states that for
particular size of the nanoparticles, critical quantum confinement
takes place. Because of this the properties of the material changes
a lot. Hence for smaller Ag particle size (<15 nm) may the quantum
confinement take place which may either increase or decrease the
sensitivity of the sensor.

Interaction of water molecules with the film surface causes
the sensing of humidity. The sensitivity curves of Ag-Polyaniline
nanocomposite shows almost two regions of sensitivity. The two
regions in sensitivity curves may be due to surface adsorption of
the water vapors, being away from the actual guide will have lesser
effect producing less sensitivity in lower humidity region and the
diffusion of the vapors deep in the pores and adsorption on pore
walls exhibiting higher sensitivity in higher humidity region. In this
present case the physisorbed and chemisorbed water molecules
add water refractive index (RI) enhancing the effective clad index.
The increase in clad index enhances evanescent field (EF) and hence
losses in the clad the initial RI of the clad are less than guide RI as

required for optical fibers. These are higher than air RI therefore
they offer higher transmission loss and leakier field in the clad. This
leaky field increases with increase of clad RI and may be quite high
as the clad RI goes beyond the guide R I at this point the radiation
loss may be quite high.
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ig. 10. Hysteresis curve of Ag-Polyaniline nanocomposite having 15 nm Ag particle
ize.

Addition of Ag nanoparticles plays great role in sensing humid-
ty. When the film of Ag-Polyaniline was exposed to low humidity,
ensitivity of the sensor is found to be low. This is because under
ry conditions the polymer chains tend to curl up into a com-
act, coil form restricting the mobility of the Ag particles. On the
ther hand, at high humidity, polymer adsorbs water molecules
nd gets hydrated uncurling of the compact, coil form into straight
hains that are aligned with respect to one another. Physisorption
r chemisorption will change two parameters effectively viz. elec-
rical conductivity and refractive index of the material. In this case
he refractive index of the material of the clad changes with the rel-
tive humidity. The charge transfer or proton ion formation gives an
ncrease in conductivity while the presence of water molecules in
he film contributes towards the change in refractive index. The

easurement of either parameter will give the response to the
mbient in which the material is present [35].

The maximum difference in the two outputs (increasing and
ecreasing cycle) at the same RH level is defined as hysteresis. It

s observed to be nearly 1% for all the particle sizes. Fig. 10 shows
he hysteresis graph of the particle size of 15 nm. Slow desorption
f the water from the pores of the capillary results in the hysteresis
t lower humidity. The hysteresis and nonlinearity in the response
s attributed to the capillary condensation which occurs at higher
umidity, and forms a meniscus over the capillaries of the film.

The sensor shows quick response of 30 s (10–95% RH), recovery
ime of 90 s (95–10% RH). In this case the response is quite fast and
ecovery is slow.

. Conclusions
The optical fiber clad of Ag-Polyaniline nanocomposite shows
ood response towards humidity with a wide range of 5–95%RH.
hus Ag-Polyaniline nanocomposite is a competent material for
umidity sensing. Here a simple POF type optical humidity sensor

[
[
[
[

1 (2010) 320–326

with a cladding layer of nanocomposites has been studied success-
fully, which is based on the POF structure change from leaky to
guided, affected by the adsorption of water molecules. The particle
size effect of silver nanoparticles is studied in brief. The smaller
particle size facilitate adsorption more water molecules on the
film surface. This sensor has a fast response of 30 s and recovery
of 90 s.
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