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  
Abstract— In this study the design and characterization of a 
high resolution wavelength dependent pH optical sensor 
fabricated using the layer-by-layer technique was undertaken. In 
this approach, brilliant yellow (BY) as a pH indicator and poly 
(allylamine hydrochloride) [PAH] as a cross-linker have been 
deposited on an uncladded silica fibre. A number of key 
parameters, such as the number of bilayers, the concentration of 
the BY solution and the shape of the fibre, as well as its core 
diameter have been varied with a view to optimizing the design 
and performance of the pH sensor. The results obtained from a 
series of evaluations show that the sensitivity was enhanced by 
reducing the concentration of the indicator solution used and by 
designing a U-bend configuration sensor probe with a sharply 
bent fibre.  However, when making an overall comparison, the 
straight (unbent) fibre probe resulted in a more sensitive probe 
when compared to the use of a high radius bend.  Further, 
utilizing a small core diameter of the fibre allows a wide pH 
range to be measured and with high sensitivity.  Additionally, the 
performance was shown to be improved for measurements over a 
narrower range of pH, by using a fibre with a larger core 
diameter. Considering the effect of the number of layers, work 
carried out has shown that probes with 5-6 bilayers presented the 
best performance. The sensitivity has been shown to diminish 
when more than 6 layers were used and the sensing range shifts 
towards higher pH values.  When monitored, the value of pKa 
(the dissociation constant) of the thin film showed the smallest 
change of any of the design factors considered. In summary, 
using a larger core diameter, employing a larger curve radius, a 
higher number of bilayers, a higher concentration of the 
indicator solution and applying PAH as an outer layer, all cause 
a higher pKa value and consequently the probe sensitivity moves 
towards alkaline region. 
 
 
Index Terms— layer-by-layer, optical sensor, pH measurement, 
U-bend sensor, chemical sensor 
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I. INTRODUCTION 

H is one of the most common analytical measurements 
required in both industrial processing and laboratory 
research in which real-time measurement is needed and 

thus a quick, reliable, low cost and high resolution sensor is 
necessary.  Fibre optic techniques present many advantages, 
making this technology a suitable candidate for real time pH 
point-sensing. It is well known that different structures of 
fibres that may be used and their various materials employed, 
as well as different shapes of the probe formed from the fibre 
can all demonstrate individual behavior in a range of sensor 
applications [1-4]. Hence optimizing the type of the fibre and 
the coating method used can be crucial steps in producing the 
most suitable probes for different sensing applications and 
ranges. To create such sensors, the layer-by-layer deposition 
technique is a widely used method to develop a tailored 
multilayered thin film to coat the different substrates that may  
be used e.g. glass, ceramics, metals, wood and plastics [5-7], 
taking also into account their varying size and topology [8, 9]. 
In essence, the process of deposition is based on electrostatic 
attraction and can be used with various reagents such as 
polymers, nanoparticles, metals, dyes, quantum dots and 
nanotubes [10-15] , biomolecules such as enzymes [16] and 
proteins [17], etc. In this technique, a charged substrate is 
alternatively immersed into polyanion and polycation 
solutions to build up a multilayer coating. The electrostatic 
attraction that exists between the oppositely charged 
molecules in every monolayer allows the formation of the 
layers and hence allows for creating a greater coating 
thickness with potentially greater sensitivity than a single 
layer. An important application of the electrostatic self-
assembly (ESA) technique is in its use to functionalize an 
optical fibre for optical recognition purposes [18]. However, 
active indicators must be used as sensitive films. Changing the 
optical properties of such sensitive films with changing 
analyte concentration is based on a recognition measurement. 
For instance, the variation in parameters such as the refractive 
index [19-21], absorbance [11, 13], reflected optical power 
[20], transmitted power [21] and the wavelength at maximum 
absorbance [22] are several examples of such optical 
properties. To date, in most of the pH sensors developed, their 
sensitivity has been determined through intensity-based 
measurement which can be prone to error. However, in this 
work, the design and characteristics of a wavelength-
dependent pH optical sensor have been studied and reported.  
This allows the sensor mechanism to be independent of any 
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source variation or any perturbation, other than the pH change 
being measured.  

So far, a limited numbers of pH indicator materials such as 
neutral red, methylene blue and prussian blue have been 
deposited onto optical fibres to create pH sensors [12, 13, 23].  
In the present study, brilliant yellow was applied as an 
indicator because of the greater wavelength shift seen with pH 
change, compared to the use of other indicators. This work 
also builds on previous research by the authors [9, 24] but in 
this case is novel in focusing particularly on key fabrication 
parameters and including studies of the effects and influence 
of the concentration of the indicator, the fibre core diameter 
and the bending radius of the fibre that was used. The 
wavelength shift and the sensitivity of the probes prepared in 
this work – the key measurand-related parameters – 
demonstrate the value of this approach and the important 
sensitivity achievable. The work provides a framework for the 
optimization of the design and structure for the pH sensor, 
where key information on mentioned parameters have been 
investigated and data on the influence on the sensor 
performance are reported. 

II. MATERIAL AND METHODS  

A. Chemicals  

In order to create an effective optical pH sensor, brilliant 
yellow (BY) was selected as the pH indicator to be used, as 
discussed earlier.  This molecule is negatively charged and can 
be used as a polyanion. It demonstrates an important and 
significant colour change – from yellow (at pH 6.4) to red-
orange (at pH 8.0) while the pKa is 7.2 and shows a peak at a 
wavelength of 497nm in the UV-visible region. This indicator 
dye was prepared from Sigma-Aldrich Poly (allylamine 
hydrochloride) [PAH] with an average molecular weight 
(MW) ~15000 and supplied by Sigma-Aldrich.  PAH is a 
positively charged molecule and was used as a polycation. 

B. Fabrication of the sensors  

To design and develop the sensor probe, a silica multimode 
fibre with a core diameter of 1mm and cladding thickness of 
10mm was used, as supplied by Thorlabs.  To create a straight 
evanescent sensor, the distal end of the fibre was stripped of 
the jacket coating and the fibre was polished with 5 µm, 3 µm, 
1 µm and 0.3 µm stone-papers respectively to achieve a 
smooth finish.  As the cladding is acetone soluble, it was 
removable easily.  To create an evanescent field U-bend 
sensor, a part of the fibre also was stripped of its jacket and 
cladding.  A flame was then applied to soften the glass, so that 
if required the fibre could be slowly bent to create the U-
shape, following which the fibres was cleaned and the surface 
functionalized. Following that the bare core was soaked in 
piranha solution (a 30:70 (v/v) mixture of H2O2 (30%) and 
concentrated H2SO4) for 60 minutes to produce the negatively 
charged surface and it was then rinsed in distilled water. To 
reflect the radiated light back and guide it to the other end of 
the fibre in the straight probe, a mirror was created at the tip of 
the fibre.  Both fibres were then coated with positively 
charged molecules. The layer-by-layer technique used is based 

on the successive deposition of oppositely charged molecules 
onto the solid surface; here the negatively charged fibre was 
dipped into the polycation solution for 5 minutes. As a result, 
a thin layer of the positive molecules was adsorbed onto the 
surface. Following that, the fibre was then dipped into distilled 
water for 5 minutes to remove any unbounded molecules from 
its surface and the substrate was alternately placed into the 
polyanion solution for another 5 minutes which further 
allowed any unbound molecules to be washed out, again using 
distilled water.  This procedure was repeated and as a result a 
multilayer coating was built up.  To improve the stability of 
the film and to avoid progressive degradation of the indicator, 
the coated substrate was cured at 120°C for 4 hours.  

C. Experiment 

To study the performance of the sensors which had been 
prepared by building up the layers of the pH indicator on the 
glass core of the optical fibre and to optimize the conditions 
for the use of the sensor, a number of key parameters such as 
the number of bilayers used (one layer of Brilliant Yellow and 
one layer of PAH constitutes a bilayer), the concentration of 
the Brilliant Yellow indicator, the size of the core and the 
shape of the fibre were examined. The concentration of the 
PAH solution (in 150mM saline solution) was identical at 
2.5mM for all samples considered, while two different 
concentrations for the BY solution (in 150mM saline solution)   
were examined, these being 0.25 mM and 0.5 mM. The 
sensing length was 22mm for both the U-bend and the straight 
probes while radii of the U-bend probes were different, at 
1.15mm and 1.55mm. These two configurations shown in Fig. 
1.  

 The layer-by-layer technique was employed to coat the 
uncladded silica core of all the probes alternately with PAH 
and BY. The probes thus prepared were tested and evaluated 
in buffer solutions of known pH over the range from 6.6 to 
9.4. To measure the absorbance spectra of the coated optical 
fibre, an experimental setup was designed and developed for 
the purpose, as demonstrated in [24] and shown schematically 
in Fig. 2.  Measuring the absorbed light as a function of 
wavelength for different pH buffer solutions using a 
spectrophotometer gave a series of spectra. Following that, the 
wavelength of the maximum of each graph was plotted with 
respect to pH so that the generated graph was seen to obey the 
appropriate Dose-Response curve. 

 
 
 
 
 
 
 
 
 
 

Fig 1. Schematic of the U-bend and straight probes  
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Fig. 4 The peak wavelength for each spectrum with respect to pH for probes with different shapes and different concentrations of BY solution. (CBY is 0.5 
mM for the left graphs and is 0.25 mM for the right graphs) 

 In addition, layers of PAH and BY were built up on the 
straight optical fibre (with 600µm core diameter) using a 
range of different bilayers (numbered here from 3.5 to 9.5) 
such that probes with whole numbers of layers end with BY 
whereas those with fractional (decimal) numbers of bilayers 
end with PAH.  Fig. 3 shows the performance of the probe for 
even numbers of layers and odd numbers of layers separately. 
The conclusions obtained from the respective Dose-Response 

graph for every probe are summarized in Table 1.  Two series 
of experiments were carried out on U-bend and straight probes 
(of which the core diameter was identical at 1000µm), and the 
concentration of the BY solutions was varied from 0.25 mM to 
0.5 mM.  Six double layers of (PAH/BY) were built up on the 
glass core. Having examined the probes in the pH buffer 
solutions, the Dose-Response graphs were plotted and these 
are shown in Fig.4. 

Fig. 2 The experimental set up for straight probes (left) and U-bend probes (right). 

 

 

 

 

 

 

 
 
 
Fig. 3 The peak wavelength for each spectrum with respect to pH for probes with 4, 5, 6, 8, and 9 bilayers (left) and with 5.5, 6.5, 7.5, 8.5 and 9.5 bilayers 
(right). 
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TABLE I 

DOSE-RESPONSE CURVE PROPERTIES FOR THE PREPARED PROBES. 

Probe 

Code 
Shape 

Core 

diameter 

(m) 

CBY 

(mM) 

Number 

of 

bilayers 

(n) 

pH at 

inflection 

point (pKa) 

gradient in 

the 

inflection 

point 

Adj. R-

square 

Wavelength 
Wavelength 

shift/0.2 pH 

units 

pH 

units/nm at pH 7 at pH 9 

P01 

S
tr

a
ig

h
t 

600 0.25 3.5 7.962 119.868 0.998 457.284 494.777 3.7493 0.0533 

P02 “ “ 4 7.686 128.224 0.997 461.663 499.709 3.8046 0.0525 

P03 “ “ 5 7.649 150.724 0.996 457.307 497.145 3.9838 0.0502 

P04 “ “ 5.5 7.743 177.610 0.994 462.964 504.788 4.1824 0.0478 

P05 “ “ 6 7.565 148.703 0.996 459.446 505.983 4.6537 0.0429 

P06 “ “ 6.5 7.813 155.845 0.998 467.875 512.642 4.4767 0.0446 

P07 “ “ 7.5 7.831 127.530 0.999 471.787 513.819 4.2032 0.0475 

P08 “ “ 8 7.708 126.514 0.996 471.848 511.323 3.9475 0.0506 

P09 “ “ 8.5 7.842 89.201 0.996 482.971 514.097 3.1126 0.0642 

P10 “ “ 9 7.722 85.397 0.998 487.284 515.204 2.792 0.0716 

P11 “ “ 9.5 7.872 82.238 0.999 491.61 517.367 2.5747 0.0776 

P12 1000 “ 6 8.215 203.929 0.998 457.341 503.176 4.5835 0.0467 

P13 “ 0.5 6 8.456 183.690 0.997 456.52 499.31 4.279 0.0436 

P14 

U
-b

e
n

d
 

R
=

1
.5

5
m

m
 “ 0.25 6 8.030 111.826 0.994 474.01 513.7 3.969 0.0629 

P15 “ 0.5 6 8.360 79.361 0.996 477.968 509.777 3.1809 0.0504 

P16 

R
=

1
.1

5
m

m
 “ 0.25 6 8.000 193.694 0.994 450.94 505.396 5.4456 0.0387 

P17 “ 0.5 6 8.206 161.422 0.998 452.134 503.76 5.1626 0.0367 

 
 

III.  RESULTS AND DISCUSSION  

To date, the sensitivity of most of the pH sensors developed 
has been estimated through designs involving intensity-based 
measurements.  However, the present study was designed to 
use wavelength change as the key measurand and to optimize 
the wavelength-dependent pH sensor so that it offered high 
resolution and sensitivity, with it being fabricated by using the 
layer-by-layer technique. To do so allows the sensor to 
function effectively independently of any source variations or 
other system perturbations than pH change and this is seen as 
a major advantage.  The wavelength shift can be demonstrated 
by the slope of Dose-Response graph and is the basis of the 
index for sensitivity used.  The inflection point in the Dose-
Response graph demonstrates the pKa of the thin film, which 
is a function of the degree of ionization, revealing the pH at 
which 50% of the thin film functional groups are ionized [25]. 
The pKa is given by –log10Ka where Ka is the acid dissociation 
constant which is the equilibrium constant of the dissociation 
reaction in the context of the acid-base reaction, in which an 
acid is ionized reversibly into its conjugate base and the 
hydrogen ion. As Choi has illustrated in the literature [25] the 
effective pKa of a polyelectrolyte substantially differs from 
solution state value when incorporated into a multilayer film.  

Reviewing the device response to wavelength change, the 
sensitivity of the probes is limited, but significant over the pH 

range from pH 7 to pH 9, for almost all probes used which 
were coated with PAH/BY.  In this pH range the wavelength 
shift is clearly measurable, demonstrating that the wavelength 
shift can be considered as an effective index for sensitivity. 
Two main properties are discussed in this section; the 
sensitivity and pKa.  In all the experiments carried out, 
changing the nature of the coating (comprising of components 
which are active at a specific wavelength) changes the 
performance of the probes.  Changing key factors such as the 
number of bilayers used, the thickness of these layers and the 
number of molecules (the density) constituting the layers 
(resulting from changing the concentration of the 
polyelectrolyte solution) and also the shape of the probe 
causes a change in the polarity of the micro-environment and 
thus the measurements made with the probe, allowing for the 
optimization of the device sensitivity. 

 

A. Number of layers  

A series of experiments was undertaken to investigate the 
effect on performance of the number of layers used, starting 
with the probes with 600 micron core diameter fibre, on which 
were deposited differing numbers of different bilayers: using a 
range from 3.5 to 9.5 bilayers of PAH/BY, for which the 
concentration of the BY solution was 0.25mM. The single 
most striking observation to emerge from the study, as seen in 
the graphs produced of the output data, is the shift to higher 
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wavelengths once the number of bilayers increases.  However, 
it can be seen that the slopes of graphs are decreasing where 
from the slope of the Dose-Response graph, the inflection 
point for the P01 probe can be determined to be 119.9nm/pH 
unit. This figure increases proportionately with the number of 
bilayers to a maximum 177.6nm/pH unit, for a probe with 5.5 
bilayers. However, the probe with 6 bilayers shows a 
sensitivity that then decreases, with a slope of 148.7nm/pH 
unit. For all probes with increasing numbers of bilayers 
beyond this there is a downward trend, as shown in Table 1 
(the rate of reduction of the slope for the last three probes is 
somewhat less than for the others).  A simple comparative 
measure can be seen in the average wavelength shift for 0.2 
pH units – this varies from 2.58 nm for probe P11 to 4.65nm 
for probe P05 and the highest recorded sensitivity (measured 
in terms of wavelength shift recorded) is 0.043 pH units for 
probe P05, with the lowest value of sensitivity seen being 
0.078 pH units for the probe P11. The conclusion that can be 
drawn is that increasing the number of bilayers does not 
necessarily increase the sensitivity and, in addition, the 
sensitivity can even decrease when the number of bilayers on 
the fibre is further increased. Fig. 5 confirms that there is a 
continuous reduction in the sensitivity for probes ranging from 
P06 to P11, with a dramatic decline in sensitivity for the 
probes from P08 to P11.  Probes with fewer than 5 bilayers are 
not as sensitive as the probes labeled P04, P05 and P06. This 
may arise due to the lower stability of the layers as the thin 
film may not be sufficiently stable in cases of both very high 
and very low thickness values, as is verified in the literature 
[20, 26]. 

In spite of the fact that all the probes considered 

demonstrate their peak sensitivity in the pH range 7 to 9, they 
do not have the same inflection point and, as a result, show the 
same pKa and Table 1 shows that the value of pKa varies from 
one probe to another. The outer layer in the thin film directly 
affects the measured pKa; overall, the measurement made 
using a thin film terminated with a PAH shows a slightly 
higher pKa under the same conditions, when compared to a 
probe terminated with BY, as shown in Fig. 7. The PAH film 

is individually applied as a pH indicator [13, 22, 25] for which 
the value of pKa is reported to be between 8.0 to 8.8  [25, 27-
29], where the reported pKa value for BY is 7.2 [30].  The pKa 
for the multilayer probe lies between pKa values obtained with 
the PAH and BY and this is shown in the data recorded in 
Table 1 for a series of experiments carried out.  The average 
measured value of pKa for an odd number of layers (where the 
PAH is the outer layer) is 7.8 whilst for an even number of 
layers (where the BY is outer layer) is 7.7.  However, an 
interesting observation is that the measured pKa value for both 
the odd and even number of layers decreases with an increase 
in the thickness of the thin film from 5.5 to 6 bilayers, whilst 
beyond this the measured pKa value starts to rise with an 
increasing number of bilayers. This means that the sensitivity 
of the probes slightly shifts to the alkaline region when more 
layers are deposited onto the fibre. In addition, when the PAH 
material is applied as the outer layer, the pKa of the multilayer 
film rises to reach a higher level; in other words, when there is 
one more layer of PAH than of BY, the probe shows greater 
sensitivity in the alkaline region because of higher association 
constant of the PAH compared to the BY. 

B. Shape of the probe  

A series of experiments was carried out with the probes 
constructed using 1000µm core diameter and different shapes; 
both straight and U-bend with two different radii of 1.15mm 
and 1.55mm, as seen in Fig. 1. The performance of these 
probes is summarized in Fig.4 and Fig. 5 confirms that the two 
different sizes of the U-bend probes developed and fabricated 
demonstrate two different levels of sensitivity: the sensitivity 
of the larger radius (‘big’) U-bend not only is not as large as 

the sensitivity of the smaller radius (‘small’) U-bend – but it is 
also less than that of the straight probe. As is seen in Fig. 5, 
probes P14 and P15 have the least sensitivity when compared 
to other probes. Further, probes P16 and P17 display the 
greatest sensitivity with 5.45 and 5.14 nm wavelength shift for 
just 0.2 pH units. The observation of decreasing sensitivity 
with increasing probe bend diameter has been discussed in a 
number of research papers [3, 31, 32].  However by contrast, it 

Fig. 5 The average wavelength shift for a sample of 0.2 pH units at each measurement from pH 7 to pH 9. Left: probes with 600 micron 
core diameter and 0.25mM of BY solution and different number of bilayers; right: probes coated with (PAH/BY)6 and variable properties. 
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is also been reported in other work [1, 33, 34] that there is an 
increasing sensitivity with probe bend diameter.  Clearly in 
this body of work there are other factors at work than the 
probe bend diameter to influence the overall sensitivity of the 
system and the bending of the fibre plays a relatively minor 
role.  The results obtained from this study show that  the 
sensitivity of the sensor does not necessarily increase when the 
probes are bent into a U-shape with the obvious attempt 
through that geometry to increase the interaction between the 
optical wave and the analyte in the sensing region [33-35].  A 
further approach to achieving this is to coat the distal end of a 
straight fibre with a mirror surface, as was also done in this 
study.  In addition, Klepáček has shown in [36] that the 
gradient of refractive index of the core and the coated layers 
are effective parameters in optimizing the interaction of the 
light with the material, in addition to the effect of the radius of 
the bend and the fibre overall diameter.  The interaction region 
in the U-bend probe is typically greater than for the straight 
probe, as the slope (measured at the inflection point) for the 
straight probes are 203 nm/pH unit and 184 nm/pH unit – this 
is seen to reduce in the cases of the ‘small’ and ‘big’ U-bend 
probes.  Nonetheless, regardless the concentration of the BY 
solution used, the straight probes show the highest sensitivity 
in the pH range between 7.6 to 9.0, whereas the U-bend 
probes show a slightly wider range of sensitivity (from around 

pH 7.0 to 9.0).  The values of pKa (compared later in Fig. 7) 
also show that the straight probe shows the highest measured 
value while the ‘small’ U-bend probes have lower values of 
pKa, when compared to the ‘big’ U-bend probes.  Comparing 
the situation overall where all the parameters are the same for 
all the probes, it would appear that by increasing the probe 
radius, the most sensitive region shifts to a higher pH region 
and hence in the extreme where the probe is effectively 
straight (an infinite radius), the region of maximum sensitivity 
tends towards the alkaline region. 

 

C. Concentration of BY solution  

To study the effect of the concentration of the indicator 
solution on the sensor performance, polyanion solutions of 
two different concentrations were utilized. Fig. 6 shows a 
comparison of the performance of probes on which were 
deposited 6 bilayers of PAH/BY in which the BY 
concentration was 0.25 mM and then 0.5 mM, while the PAH 
concentration was 2.5mM for both probes.  As the graphs 
show, increasing the concentration shifts the response towards 
the higher pH region. Thus, the probes prepared with the low 
concentration of BY are active at a higher wavelength, at a 
certain values of pH.  For instance, the U-bend fibre probes 
using 0.25mM of BY solution is the basis of a device 

Fig. 7 The value of pKa for each probe versus number of layers (right) and shape of the probes at different core diameters and concentrations 
of BY (left). 

Fig. 6 The peak wavelength for each spectrum with respect to pH in different concentrations of brilliant yellow solutions for big U-bend 
sensors (left graphs), small U-bend sensors (middle graphs) and straight sensors (right graphs). 
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particularly sensitive for use over the pH range 7.2 to 9.0, 
while this most sensitive region is seen to move to the pH 
range 7.4 to 9.2 for similar probes prepared using 0.5mM of 
BY solution. This aligns with the pKa values stated in Table 1. 
As illustrated by Table 1 and Fig. 7, the value of pKa increases 
when the concentration of BY is increased and the sensitive 
area moves towards the more alkaline i.e. the value of pKa 
increases from 0.21 for the ‘small’ U-bend probe to 0.36 for 
the ‘big’ U-bend.  For the straight probe, this quantity also 
shifts by 0.25 towards the alkaline region.  Considering the 
data shown in Fig. 5 and Table 1, the sensors prepared with 
the lower concentration of BY show higher slopes of the 
Dose-Response graphs, consequently demonstrating higher 
sensitivity. Thus an enhancement of the sensitivity can be 
achieved by either decreasing the number of bilayers or 
lowering the concentration of the indicator solution. 

 

D. Fibre core diameter  

To determine the effect of the optical fibre core diameter on 
the probe performance, experiments were carried out on 
probes fabricated from fibre of two different core sizes. Fig. 8 
shows a comparison of the performance of these two fibre 
optic sensors deposited with 6 bilayers of PAH/BY while the 
concentration of BY solution was maintained at 0.25mM for 
both probes.  As can be seen in the figure, the sensitivity of the 
sensor fabricated from 1mm core diameter fibre is limited over 
pH values from pH 7.6 to pH 9.0, when compared to the 
sensor using narrow core fibre for which the sensitivity is 
optimal over the wider range from pH 6.6 to pH 9.2. 
Considering the slope at the inflection point from Table 1, the 
probe fabricated with the narrow fibre displays a lower slope 
than does that with the greater fibre diameter.  However, the 
average wavelength shifts for a sample of 0.2 pH units (in the 
region from pH 7 to pH 9) is 4.65 and 4.28 for the probes 
using the narrow and the large core fibres respectively, as 
shown in Fig. 5.  Thus although the narrow core fibre can give 
a satisfactory sensitivity over a wide pH range, the large core 
fibre enables a more sensitive device, over a smaller pH range 

to be created – this also showing a greater slope and higher 
resolution for the higher pH region. In contrast, Khijwania 
showed in work published in the literature [37] that an 
enhanced sensitivity is achieved by decreasing the core size. 
Referring to Fig. 7 and comparing the value of pKa for 
different probes, P05 demonstrates a value of 7.57 for the pKa, 
while for P12 it rises to 8.22.  Hence the larger diameter probe 
can create a sensor working efficiently, but over a small pH 
range centred around a value of 8.2.  On the other hand, 
examining the region from pH 7 onwards, at the same pH 
values, the sensor with the narrow fibre core operates at a 
higher wavelength value. 

 

IV.  CONCLUSION 

In this study, the design and performance of a number of 
pH-sensitive probes using brilliant yellow as the pH indicator, 
with PAH being utilized as a cross-linker, were studied and 
evaluated.  Having recorded absorbance spectra as a function 
of wavelength for each probe at different buffer pH solutions, 
for each a Dose-Response graph from the peak wavelength 
points was created and studied.  The key design parameters 
such as the number of bilayers, the shape of the probe, the 
concentration of the indicator solution and the core diameter 
of the optical fibre used were all studied and their effects on 
performance evaluated.  

Key finding to emerge to optimize the device sensitivity 
include: 

 Those probes with 5 to 6 bilayers demonstrated the best 
performance. It has also been observed that the 
sensitivity of the probes improves with an increasing 
number of bilayers (optimizing typically at about 5 to 6 
bilayers) and beyond this a reduction of sensitivity 
occurs with an increasing number of bilayers.  

 The sensitivity can be enhanced by curving the fibre to a 
U-shape – in this case with a smaller radius for better 
performance.  A lower sensitivity was observed for a 
larger curve radius, by comparison to the performance of 
a ‘straight’ sensor.  

 With only two samples available in this work (at 
concentrations of (0.25 and 0.5 mM)) it would appear 
that further improvement in sensitivity would be 
achieved where the concentration of the indicator 
solution was lower.  For a higher concentration (of BY 
solution), the devices are less sensitive.  However this 
needs further exploration with a wider range of samples 
of different concentrations. 

 In addition, a design utilizing a narrow core fibre leads to 
a sensor with a wider sensitivity range, compared to 
larger core fibre.  With this design, a highly sensitive 
sensor but working over a smaller pH range and with a 
sharper slope and higher resolution is seen.  

The second major finding was that pKa value varies from one 
probe design to another.. The pKa slowly rises with an 

Fig. 8 The peak wavelength for each spectrum with respect to 
pH for probes with different core diameters – P12 has d = 
1mm and P05 has d = 0.6 mm. 
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increasing number of layers, with the contrary behaviour seen 
for a smaller number of layers and further, the outer layer of 
thin film also clearly influences the pKa value. Thus in 
summary:   Increasing the number of layers inclines the sensitivity 

towards higher pH and the more alkaline region.  

 ‘Straight’ probes work best in the more alkaline region 
compared to U-bend probes 

 For probes with a bigger radius the value of pKa tends to 
slightly higher values. 

 In addition, the role of the concentration of the BY 
solution must be considered since preparing the sensors 
with a low concentration of BY leads to lower pKa values 
while the sensors prepared with higher concentration of 
polyanion solution work best in the higher pH region due 
to higher pKa values. 
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