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Fibre Optic pH Sensor Using Optimized Layer-
by-Layer Coating Approach

Nahid Raoufi*?, Frederic Surfe Member, IEEE MuttukrishnarRajarajafl, Member, IEEE Tong
Surf and Kenneth T.V.Gratt&n

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 crosslinker 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
perfor mance 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 probeswith 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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. 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 laydayer 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 topolog@[8
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 J0-15] , biomolecules such as enzymd$][and
proteins L7], 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 purposek8]. However,
active indicators must be used as sensitive filbgnging 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], absorbance1[1, 13], reflected optical power
[20], transmitted power1] 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 the successive deposition of oppositely charged molecules
being measured. onto the solid surface; here the negatively charged fibre was

dipped into the polycation solution for 5 minutes. As a result,

So far, a limited numbers of pH |nd|catolr materials such Lthin layer of the positive molecules was adsorbed onto the
neutral red, methylene blue and prussian blue have beern

) " . surface. Following that, the fibre was then dipped into distilled
I(jneﬁziteci;snetgtozifg I ﬂbbrreilsl;iai?ltcreeailtsvs szeén?sii{g’dze’;'s a\rlivater for 5 minutes to remove any unbounded molecules from
- P Y, y PP i |tﬁ surface and the substrate was alternately placed into the
indicator because of the greater wavelength shift seen with ;iii‘

change. compared to the use of other indicators. This wo olyanion solution for another 5 minutes which further
ge, P i allowed any unbound molecules to be washed out, again using

a[so bwlds_ on previous regearch by the authqr@{pbut_m . _distilled water. This procedure was repeated and as a result a
this case is ”°Ve.' In fc_>cusmg parucularly on key fab.ncat'o%ultilayer coating was built up. To improve the stability of
parameters and |_nclud|ng st_ud|.es of the ef_fects and 'f‘”“e“&ee film and to avoid progressive degradation of the indicator,
of the concentration of the indicator, the fibre core d|amet<ﬁqe coated substrate was cured at 120°C for 4 hours

and the bending radius of the fibre that was used. The '
wavelength shift and the sensitivity of the probes prepared ir‘b Experiment
this work — the key measurand-related parameters ’ P )

demonstrate the value of this approach and the importah® study the performance of the sensors which had been
sensitivity achievable. The work provides a framework for tharepared by building up the layers of the pH indicator on the
Optimization of the design and structure for the pH Sens&I,aSS core of the 0pt|Ca| f|bre and to Optlmlze the Cond|t|0ns
where key information on mentioned parameters have belt the use of the sensor, a number of key parameters such as

investigated and data on the influence on the Senstbie number of bilayers used (One |a.yer of Brilliant Yellow and

performance are reported. one layer of PAH constitutes a bilayer), the concentration of
the Brilliant Yellow indicator, the size of the core and the

II. MATERIAL AND METHODS shape of the fibre were examined. The concentration of the
_ PAH solution (in 150mM saline solution) was identical at
A. Chemicals 2.5mM for all samples considered, while two different

In order to create an effective optical pH sensor, brilliartoncentrations for the BY solution (in 150mM saline solution)
yellow (BY) was selected as the pH indicator to be used, a®re examined, these being 0.25 mM and 0.5 mM. The
discussed earlier. This molecule is negatively charged and c®Emsing length was 22mm for both the U-bend and the straight
be used as a polyanion. It demonstrates an important gordbes while radii of the U-bend probes were different, at
significant colour change from yellow (at pH 6.4) to red- 1.15mm and 1.55mm. These two configurations shown in Fig.
orange (at pH 8.0) while the pks 7.2 and shows a peak at al.
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. =" peposted Jacket —
. . 6 layers A__ e
B. Fabrication of the sensors Core
] - . Jacket
To design and develop the sensor probe, a silica multimodi_"~__ Dem;sited
fibre with a core diameter of 1mm and cladding thickness of —_— Cladding layers

10mm was used, as supplied by Thorlabs. To create a straig|
evanescent sensor, the distal end of the fibre was stripped of

the jacket coating and the fibre was polished with 5 um, 3 um, Fig 1. Schematic of the U-bend and straight probes

1 um and 0.3 um stone-papers respectively to achieve a

smooth finish. As the cladding is acetone soluble, it wa¥he layerby-layer technique was employed to coat the
removable easily. To create an evanescent field U-bendincladded silica core of all the probes alternately with PAH
sensor, a part of the fibre also was stripped of its jacket aadd BY. The probes thus prepared were tested and evaluated
cladding. A flame was then applied to soften the glass, so tlatbuffer solutions of known pH over the range from 6.6 to

if required the fibre could be slowly bent to create the U9.4. To measure the absorbance spectra of the coated optical
shape, following which the fibres was cleaned and the surfafilere, an experimental setup was designed and developed for
functionalized. Following that the bare core was soaked the purpose, as demonstrated2d][and shown schematically
piranha solution (a 30:70 (v/v) mixture of,® (30%) and in Fig. 2. Measuring the absorbed light as a function of
concentrated bBQy) for 60 minutes to produce the negativelywavelength for different pH buffer solutions using a
charged surface and it was then rinsed in distilled water. Bpectrophotometer gave a series of spectra. Following that, the
reflect the radiated light back and guide it to the other end afvelength of the maximum of each graph was plotted with
the fibre in the straight probe, a mirror was created at the tip i&fspect to pH so that the generated graph was seen to obey the
the fibre. Both fibres were then coated with positivelyappropriate Dos&esponse curve.

charged molecules. The layey-layer technique used is based




Sensorst5952012

Spectrometer

%\I

L
Spectroscopy operating software

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

Spectroscopy operating software

Spectrometer

In addition, layers of PAH and BY were built up on thegraph for every probe are summarized in Tabl&Wo series
straight optical fibre (with 600um core diameter) using af experiments were carried out on U-bend and straight probes
range of different bilayers (numbered here from 3.5 to 9.%df which the core diameter was identical at 1000um), and the
such that probes with whole numbers of layers end with Bdoncentration of the BY solutions was varied from 0.25 mM to
whereas those with fractional (decimal) numbers of bilayefs5 mM. Six double layers of (PAH/BY) were built up on the
end with PAH. Fig. 3 shows the performance of the probe fgtass core. Having examined the probes in the pH buffer
even numbers of layers and odd numbers of layers separatsbiutions, the Dose-Response graphs were plotted and these
The conclusions obtained from the respective Dose-Respormge shown in Fig.4.
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Fig. 3 The peak wavelength for each spectrum withetsip pH for probes with 4,

(right).
520 4
* Big U-bend 5 a8
¢ Small U-bend o x
oy 200 4 Straight s Sl
£ x P /
s /
= . 7
B > v
% w0 o '
B -—n iy
= Y
% i
& & L
460 &
A_a 4 ¥
o oo
T T T T T T T
6.5 7.0 75 8.0 85 9.0 95
pH

Peak wavelength (nm)

520 4

500

480

460 -

520 4

500 4

480 -

460 -

5, 6, 8, and 9 bilay@eft) and with 5.5, 6.5, 7.5, 8.5 and 9.5 bilaye

e Small U-bend

= Big U-bend
4 Straight w

T T
7.0 75 8.0 85

9.0 9.5

Fig. 4 The peak wavelength for each spectrum witheetsfo pH for probes with different shapes and diffemncentrations of BY solution. §£is 0.5
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TABLE |

DOSE-RESPONSEURVEPROPERTIESFORTHE PREPAREDPROBES.

Number radient in Adj. R- Wavelength
Core umbe pH at gradie di aveeng Wavelength
Probe . Cay of . . the square . pH
Shape diameter . inflection . . shift/0.2 pH .
Code (um) (mM) | bilayers oint (pKa) inflection atpH7 | atpH9 units units/nm
W (n) P P point

PO1 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
PO5 “ “ 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 ?i') “ “ 8 7.708 126.514 0.996 471.848 511.323 | 3.9475 0.0506
P09 “ “ 8.5 7.842 89.201 0.996 482971 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 g “ 0.25 6 8.030 111.826 0.994 474.01 513.7 3.969 0.0629

£

]
P15 \E “ 0.5 6 8.360 79.361 0.996 477.968 509.777 | 3.1809 0.0504

‘§ x

P16 g “ 0.25 6 8.000 193.694 0.994 450.94 505.396 | 5.4456 0.0387

g

§
P17 :: “ 0.5 6 8.206 161.422 0.998 452.134 503.76 5.1626 0.0367

]

x

range from pH 7 to pH 9, for almost all probes used which
Ill.  RESULTS ANDDISCUSSION were coated with PAH/BY. In this pH range the wavelength

To date, the sensitivity of most of the pH sensors developaﬁiﬁ is clearly measurable, demonstrating that the wavelength

has been estimated through designs involvingnsity-based > ift can be consuie red as Zn effect|(\j/e_|ndti>_< for Sf.nS'_t'Vt'Ly'
measurements. However, the present study was designec]r \f‘(r)‘O itir\T/]i?m E;ope}; |eslnare” trl]scus)fe rir:1n nt IS Sr?ic :jon, ¢ €
usewavelength changas the key measurand and to optimiz@e sitivity and p a € expeniments -carried out,

the wavelength-dependent pH sensor so that it offered hig/ﬁanging the nature of the coating (comprising of components

resolution and sensitivity, with it being fabricated by using th hich are active at a specific v_vavelength) changes the
layerby-layer technique. To do so allows the sensor tBerformance of the probes. Changing key factors such as the

function effectively independently of any source variations umber of bilayers used, the thickness of these layers and the

other system perturbations than pH change and this is seerElé@t:te.r of fmolecuk:]s (t_he dej[ﬂsny) const|ttutl_ng thef Ia;t/r?rs
a major advantage. The wavelength shift can be demonstrateg - g from - changing € concentrafion - o N
by the slope of Dose-Response graph and is the basis of RS, electrolyte solution) and also the shape of the probe

index for sensitivity used. The inflection point in the DoseSauses a change in the polarity of the micro-environment and

Response graph demonstrates the gkthe thin film, which thu; t.he -measurement.s made .Wit.h the probe, allowing for the

is a function of the degree of ionization, revealing the pH glptlmlzatlon of the device sensitivity.

which 50% of the thin film functional groups are ionize®]|

The pkais given by-logioKa where K; is the acid dissociation A, Number of layers

constant which is the equilibrium constant of the dissociation p geries of experiments was undertaken to investigate the

reaction in the context of the acid-base reaction, in which &ftect on performance of the number of layers used, starting

acid is ionized reversibly into its conjugate base and thgith the probes with 600 micron core diameter fibre, on which

hydrogen ion. As Choi has illustrated in the literat 8 fhe  were deposited differing numbers of different bilayers: using a

effective pky of a polyelectrolyte substantially differs from range from 3.5 to 9.5 bilayers of PAH/BY, for which the

solution state value when incorporated into a multilayer film. concentration of the BY solution was 0.25mM. The single
Reviewing the device response to wavelength change, i@ st striking observation to emerge from the study, as seen in

sensitivity of the probes is limited, but significant over the phi,o graphs produced of the output data, is the shift to higher
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wavelengths once the number of bilayers increases. Howevierindividually applied as a pH indicatatd, 22, 25] for which
it can be seen that the slopes of graphs are decreasing whbkeevalue of pKis reported to be between 8.0 to 835, 27-
from the slope of the Dose-Response graph, the inflecti@d], where the reported pkalue for BY is 7.230]. The pka
point for the PO1 probe can be determined to be 119.9nm/jét the multilayer probe lies between plalues obtained with
unit. This figure increases proportionately with the number ¢fie PAH and BY and this is shown in the data recorded in
bilayers to a maximum 177.6nm/pH unit, for a probe with 5.%able 1 for a series of experiments carried out. The average
bilayers. However, the probe with 6 bilayers shows measured value of por an odd number of layers (where the
sensitivity that then decreases, with a slope of 148.7nm/@AH is the outer layer) is 7.8 whilst for an even number of
unit. For all probes with increasing numbers of bilayerkyers (where the BY is outer layer) is 7.7. However, an
beyond this there is a downward trend, as shown in Tablerteresting observation is that the measured@fue for both
(the rate of reduction of the slope for the last three probesti®e odd and even number of layers decreases with an increase
somewhat less than for the others). A simple comparatiue the thickness of the thin film from 5.5 to 6 bilayers, whilst
measure can be seen in the average wavelength shift for Be¥ond this the measured pkalue starts to rise with an
pH units— this varies from 2.58 nm for probe P11 to 4.65nnmcreasing number of bilayers. This means thatsthesitivity
for probe P05 and the highest recorded sensitivity (measurefdthe probes slightly shifts to the alkaline region when more
in terms of wavelength shift recorded) is 0.043 pH units fdayers are deposited onto the fibre. In addition, when the PAH
probe P05, with the lowest value of sensitivity seen beingaterial is applied as the outer layer, the, pKthe multilayer
0.078 pH units for the probe P11. The conclusion that can fikn rises to reach a higher level; in other words, when there is
drawn is that increasing the number of bilayers does nohe more layer of PAH than of BY, the probe shows greater
necessarily increase the sensitivity and, in addition, theensitivity in the alkaline region because of higher association
sensitivity can even decrease when the number of bilayers @onstant of the PAH compared to the BY.
the fibre is further increased. Fig. 5 confirms that there is % sha

. pe of the probe

continuous reduction in the sensitivity for probes ranging from ] ) ) )
P06 to P11, with a dramatic decline in sensitivity for the A Series of experimenta/as carried out with the probes
probes from P08 to P11. Probes with fewer than 5 bilayers f@nstructed using 1000um core diameter and different shapes;
not as sensitive as the probes labeled P04, P05 and P06. PRI straight and U-bend with two different radii of 1.15mm
may arise due to the lower stability of the layers as the thif'd 1.55mm, as seen in Fig. 1. The performance of these
film may not be sufficiently stable in cases of both very higRrobes is summarized in Fig.4 and Fig. 5 confirms that the two
and very low thickness values, as is verified in the literatuf@fférent sizes of the U-bend probes developed and fabricated
[20, 26]. demonstrate two different levels of sensitivity: the sensitivity

In spite of the fact that all the probes considereff the larger radius (‘big’) U-bend not only is not as large as

5.5 5.446

3.984

| a7a0 3805

Wavelength shift/0.2 pH units (nm)
Wavelength shift/0.2 pH units (nm)

35 4 5 55 6 65 75 8 8.5 9 95 P05 P12 P13 P14 P15 P16 P17
Number of bilayers Probe

Fig. 5 The average wavelength shift for a sample of 0.2 pH ah&ach measurement from pH 7 to pH 9. Left: probes with 600 mi
core diameter and 0.25mM of BY solution and different number of b#ayight: probes coated with (PAH/BY)6 and variable propertie:

demonstrate their peak sensitivity in the pH range 7 to 9, théhe sensitivity of the smaller radius (‘small’) U-bend- but it is

do not have the same inflection point and, as a result, show #iso less than that of the straight probe. As is seen in Fig. 5,
same pK and Table 1 shows that the value of,pidries from probes P14 and P15 have the least sensitivity when compared
one probe to another. The outer layer in the thin film directlp other probes. Further, probes P16 and P17 display the
affects the measured gKoverall, the measurement madegreatest sensitivity with 5.45 and 5.14 nm wavelength shift fo
using a thin film terminated with a PAH shows a slightlyjust 0.2 pH units. The observation décreasing sensitivity
higher pk; under the same conditions, when compared toweth increasing probe bend diameteas been discussed in a
probe terminated with BY, as shown in Fig. 7. The PAH filrmumber of research papers 8, 32]. However by contrast, it
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Fig. 6 The peak wavelength for each spectrum with respect ia gHferent concentrations of brilliant yellow solutions for big &rl
sensors (left graphs), small U-bend sensors (middle graphs) and straight sensors gitight gra

is also been reported in other work 8B, 34] that there is an pH 7.0 to 9.0). The values of pKa (compared later in Fig. 7)
increasing sensitivity with probe bend diamete€learly in also show that the straight probe shows the highest measured
this body of work there are other factors at work than thealue while the ‘small” U-bend probes have lower values of
probe bend diameter to influence the overall sensitivity of th&a, when compared to the ‘big’ U-bend probes. Comparing
system and the bending of the fibre plays a relatively mintine situation overall where all the parameters are the same for
role. The results obtained from this study show that ttal the probes, it would appear that by increasing the gprob
sensitivity of the sensor does not necessarily increase when thdius, the most sensitive region shifts to a higher pH region
probes are bent into a U-shape with the obvious attemmtd hence in the extreme where the probe is effectively
through that geometry to increase the interaction between tteaight (an infinite radius), the region of maximum sensitivity
optical wave and the analyte in the sensing reg3@&Bp]. A tends towards the alkaline region.

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, Klepac¢ek has shown in [36] that the ) ) o
gradientof refractive index of the core and the coated layers 10 Study the effect of the concentration of the indicator
are effective parameters in optimizing the interaction of thePlution on the sensor performance, polyanion solutmins
light with the material, in addition to the effect of the radius ofv0 different concentrations were utilized. Fig. 6 shows a
the bend and the fibre overall diameter. The interaction regiGRmparison of the performance of probes on which were
in the U-bend probe is typically greater than for the straigifePosited 6 bilayers of PAH/BY in which the BY
probe, as the slope (measured at the inflection point) for tR@ncentration was 0.25 mM and then 0.5 mM, while the PAH
straight probes are 203 nm/pH unit and 184 nm/pH-utfiis conceljtratlon_was 2.5mM for t_aoth p_robes. As the graphs
is seen to reduce in the cases of the ‘small’ and ‘big’ U-berd show_, increasing t.he concentration shifts the response towards
probes. Nonetheless, regardless the concentration of the B¢ higher pH region. Thus, the probes prepared with the lo
solution used, the straight probes show the highest sensitiigncentration of BY are active at a higher wavelength, at a
in the pH range between 7.6 to 9.0, whereas the U-beﬁ%_rta'” values of pH. For m_stan_ce, the U—b_end fibre pr(_)bes
probes show a slightly wider range of sensitivity (from aroundSing 0.25mM of BY solution is the basis of a device

Concentration of BY solution

8.0+
7,962 B Terminated by PAH
™™ Terminated by BY

10 11 12 13 14 15 18 17 18 19
Probe Number of layers

Fig. 7 The value of pKa for each probe versus number of I&yght) and shape of the probes at different core diameters agdrtmations
of BY (left).
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particularly sensitive for use over the pH range 7.2 to 9.6 be created- this also showing a greater slope and higher
while this most sensitive region is seen to move to the pidsolution for the higher pH region. In contrast, Khijwania
range 7.4 to 9.2 for similar probes prepared using 0.5mM showed in work published in the literatur87] that an

BY solution. This aligns with the pKa values stated in Table Enhanced sensitivity is achieved by decreasing the core size.
As illustrated by Table 1 and Fig. 7, the value of piCreases Referring to Fig. 7 and comparing the value of pKa for
when the concentration of BY is increased and the sensitidéferent probes, PO5 demonstrates a value of 7.57 for the pKa,
area moves towards the more alkaline i.e. the value qf pkhile for P12 it rises to 8.22. Hence the larger diameter probe
increases from 0.21 for the ‘small” U-bend probe to 0.36 for can create a sensor working efficiently, but over a small pH
the ‘big” U-bend. For the straight probe, this quantity alscange centred around a value of 8.2. On the other hand,
shifts by 0.25 towards the alkaline region. Considering thexamining the region from pH 7 onwards, at the same pH
data shown in Fig. 5 and Table 1, the sensors prepared witlues, the sensor with the narrow fibre core operates at a
the lower concentration of BY show higher slopes of thhigher wavelength value.

Dose-Response graphs, consequently demonstrating higher

sensitivity. Thus an enhancement of the sensitivity can be

achieved by either decreasing the number of bilayers or [VV. CONCLUSION
lowering the concentration of the indicator solution. In this study, the design and performance of a number of
pH-sensitive probes using brilliant yellow as the pH indicator,
D. Fibre core diameter with PAH being utilized as a cross-linker, were studied and

To determine the effect of the optical fibre core diameter o valuated. Having recorded absorbance spectra as a function
wavelength for each probe at different buffer pH solutions,

the probe performance, experiments were carried out haD R h f th K lenath
probes fabricated from fibre of two different core sizes. Fig. r each a bose-kesponse graph from Ihe peak waveleng
- pé)lnts was created and studied. The key design parameters

optic sensors deposited with 6 bilayers of PAH/BY while th<§_UCh as the number of bilayers, the shape of the probe, the

concentration of BY solution was maintained at 0.25mM fo?oncentration of the indicator solution and the core diameter
: ﬂf the optical fibre used were all studied and their effects on

both probes. As can be seen in the figure, the sensitivity of t ef luated
sensor fabricated from 1mm core diameter fibre is limited ov&F'ormance evaiuated. - . o
pH values from pH 7.6 to pH 9.0, when compared to the Key finding to emerge to optimize the device sensitivity

sensor using narrow core fibre for which the sensitivity i£'¢/Ud€: _ _
optimal over the wider range from pH 6.6 to pH 9.2. ° Those probes with 5 to 6 bilayers demonstrated the best

Considering the slope at the inflection point from Table 1, the ~ Performance. It has also been observed that the
probe fabricated with the narrow fibre displays a lower slope  sensitivity of the probes improves with an increasing
than does that with the greater fibre diameter. However, the number of bilayers (optimizing typically at about 5 to 6
average wavelength shifts for a sample of 0.2 pH units (in the bilayers) and beyond this a reduction of sensitivity
region from pH 7 to pH 9) is 4.65 and 4.28 for the probes  occurs with an increasing number of bilayers.
using the narrow and the large core fibres respectively, a§ The sensitivity can be enhanced by curving the fibre to a
shown in Fig. 5. Thus although the narrow core fibré ca@ giv. \j ghane  in this case with a smaller radius for better
a satisfactory sensitivity over a wide pH range, the large core o
! .. . performance. A lower sensitivity was observed for a
fibre enables a more sensitive device, over a smaller pH range . :

larger curve radius, by comparison to the performance of

a ‘straight’ sensor.

e 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

450 a sensor with a wider sensitivity range, compared to

6.5 7.0 75 8.0 8.5 9.0 9.5 . . . . . .
pH larger core fibre. With this design, a highly sensitive

Fig. 8 The peak wavelength for each spectrum with respe: sensor but working over a smaller pH range and with a

pH for probes with different core diametersP12 has d = sharper slope and higher resolution is seen.
1mm and P05 has d = 0.6 mm.
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The second major finding was that pKa value varies from one
probe design to another.. The pKa slowly rises with an
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increasing number of layers, with the contrary behaviour segl
for a smaller number of layers and further, the outer layer of
thin film also clearly influences the pKa value. Thus ir3
summary:

Increasing the number of layers inclines the sensitivity
towards higher pH and the more alkaline region.

[14]
‘Straight’ probes work best in the more alkaline region
compared to U-bend probes
For probes with a bigger radius the value of, péhds to [15]

slightly higher values.

In addition, the role of the concentration of the BY
solution must be considered since preparing the Sensprs
with a low concentration of BY leads to lower pkalues
while the sensors prepared with higher concentration f7
polyanion solution work best in the higher pH region due
to higher pk values. (18]
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