Synthesis and characterisation of spiropyran-polymer
brushes in micro-capillaries: towards an integrated optical
sensor for continuous flow analysis

Larisa Florea, Alexandre Hennart, Dermot Diamond, Fernando Benito-Lopez*

CLARITY: Centre for Sensor Web Technologies, National Centre for Sensor Research, School of Chemical Sciences,
Dublin City University, Dublin 9, Ireland.

Abstract

Fused silica-capillaries were successfully functionalised with spiropyran-polymer brushes using spiropyran
functionalised norbornyl derivative as monomer. The polymerisation was achieved by surface-initiated ring-
opening metathesis polymerisation. A three-dimensional arrangement, covalently attached to the inner wall of the
fused-silica capillary, was obtained. The spiropyran moiety has the freedom to open and close in response to light
(ultraviolet, white light) within the polymer brushes. The coating was fully characterised by Scanning Electron
Microscopy, absorbance measurements and kinetic studies. The photo-response of the coatings showed very good
reproducibility comparable with spiropyran monomers in solution demonstrating that this platform can be used for
the develop of capillary integrated sensors based on the inherited sensing proprieties of spiropyran moieties.
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1. Introduction

Previously reported capillary optical sensors have shown numerous advantages compared to planar
optical sensors as such a) are suitable for direct sampling, b) cheap fabrication protocols (c) represent
an optical waveguide structure that enables various methods of optical interrogation, d) have small
internal volumes and ¢) very rapid response times.[1, 2]

The development of capillary optical sensors involves the coating of the inner walls of a capillary
(usually glass) with a sensitive layer that can be optically interrogated. Welgl et al.[1] reported
capillary optical sensors obtained by immobilising a carbon dioxide sensitive layer onto the inner walls
of a capillary by “reverse pumping” meanwhile, other research groups have published integrated-optic
ammonia sensors based as well in capillaries as the sensor platform.[3, 4] Lippitsch et al.[5] showed
the use of capillary optical sensors for biomedical applications proving good sensor performance and
easy handling by the integration of the sample compartment, the optical sensor, and the light-collecting
optics into a single device. However, most of the reported protocols involved non-covalent bonding of
the sensitive material to the inner walls of the capillary[3, 5] and required protective coatings[1] to
avoid leaching of the immobilised sensitive material over time[6].

An attractive alternative for making capillary integrated optical sensors is the possibility of
incorporating active sensing surfaces that can be switched on and off remotely using light. In our
laboratories, we are extensively working in the generation of switchable optical sensors based on
photo-responsive materials using spiropyran derivatives[7-10].

Spiropyrans are one of the most popular classes of photocromic compounds as they are particularly
interesting targets for the development of new approaches for sensing. They offer new routes to
multifunctional materials that take advantage of their photo-reversible interconversion between two
thermodynamically stable states: a spiropyran (SP) form, and a merocyanine (MC) form, Figure 1,
which have dramatically different charge, polarity and molecular conformations[11]. Spiropyrans are
an attractive starting point in the construction of molecular-level sensors with molecular recognition
properties and signal transduction ability due to their unique molecule binding power and signal
transduction function[12]. The MC may interact with the surrounding environment (solvent or analyte)
manifesting different photochromic responses[12]. Based on these sensing proprieties, that are only




shown by the MC form, spiropyrans have been employed in analytical chemistry as molecular sensors
where the sensing behaviour can be remotely switched ON/OFF using light of appropriate wavelengths
(by switching between the spiro (OFF) and the merocyanine (ON) form). The sensing capability of
spiropyrans in solution have been extensively studied and demonstrated for a wide range of analytes
from metal ions[13-17], neutral molecules (such as nucleobases[18], amino acids[19, 20] and
DNAJ21]), a range of anions[22, 23] and solvents of different polarities[24].

The possibility of fabricating optical sensors that can be photo-activated has significant implications
in science since this methodology represents a totally non-invasive manner of controlling and
interrogating the response of the sensor. In this respect, a significant amount of effort has been devoted
to functionalise surfaces[9] and micro-fluidic platforms[25] with photochromic materials. Rosario et
al.[26] coated capillary tubes with a photoresponsive monolayer based on spiropyran and showed that
the water level inside the capillary rised when the light source was switched from VIS to UV in
correlation with the switching of the surface-bound spiropyran molecule between nonpolar and polar
forms. Previous work done in our group by Benito-Lopez et al.[25] showed that micro-fluidic channels
coated with spiropyran monolayers can be used as photonically controlled self-indicating systems for
metal ion accumulation and release, based on the metal ion-binding and molecular recognition
properties of the MC form. However, the main disadvantage of the monolayer approach is the low
concentration of photochromic moieties, which manifests in extremely weak absorbance peaks, where
the formation of the MC form cannot be detected by eye[26].

In the context of developing chemical sensors, the use of homopolymers, where each monomer
contains the spiropyran unit, is desired as it increases the concentration of the photochromic component
in the polymer[27] and enhances the photochromic processes[28]. For instance, Samanta et al.[28]
showed that when glass slides are coated with spiropyran polymer brushes obtained by surface-initiated
ring opening metathesis polymerisation (SI-ROMP), the photochromic behaviour is greatly enhanced
compared to the monolayer. Moreover, the color and wettability of the surface can be externally
controlled using light as the external stimulus.

In this context, we are focusing our research in the synthesis and characterisation of sensing
coatings based on spiropyran moieties inside micro-capillaries that can be externally photo-controlled
in a non-invasive way. Functionalisation of the inner wall of a fused silica capillary with this photo-
responsive molecule provides a convenient small platform for rapid analysis and detection.
Furthermore, continuous flow operation facilitates real-time measurements and consequently fast
analysis protocols[25].

We have successfully coated fused-silica micro-capillaries with photochromic polymer brushes
based on spiropyran moieties using surface-initiated ring-opening metathesis polymerisation (Si-
ROMP). Their synthesis offers a transition from a two-dimensional to a three-dimensional arrangement
and allows for high density of functional groups to be obtained in a limited area[28]. The photo-
responsive behaviour of the spiropyran polymer brushes was fully characterised using acetonitrile
(ACN) as the running solvent in the capillary.
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Fig.1. Molecular structure of a generic spiropyran moiety irradiated with UV/white light, spiropyran (left) and
merocyanine (right).

2. Experimental
2.1 Materials

7-Octenyltrichlorosilane (Gelest), 5-norbornene-2-carboxylic acid, mixture of isomers (Alfa Aesar),
1-(2-Hydroxyethyl)-3,3-dimethylindolino-6'-nitrobenzopyrylospiran  (SP1) (TCI Europe), NN'-



Dicyclohexylcarbodiimide (DCC) (Aldrich), 4-(Dimethylamino)pyridine (DMAP) (Aldrich) and
Grubbs Generation-II catalyst (Aldrich) were used as received. Acetone, acetonitrile, dry
tetrahydrofuran (THF), dry toluene and dry dichloromethane (CH,Cl,) solvents were purchased from
Aldrich and used as received. Fused-silica capillaries (100 pm ID, 375 pm OD) were purchased from
Polymicro Technologies (Phoenix, AZ, USA).

2.2 Procedures
2.2.1  Synthesis of spiropyran functionalised norbornene monomer

Norbornyl functionalised spiropyran monomer[28] (SP-M) was prepared, as described in Fig. 2,
from the reaction of 5-norbornene-2-carboxylic acid (mixture of isomers) with SP1 in the presence of
DCC and DMAP in THF, according to the previously reported method[27]. A representative example
of this method is the following: SP1 (0.3 g, 0.851 mmol) and 5-norbornene-2-carboxylic acid (0.104
ml, 0.851 mmol) were placed in a 250 mL round-bottomed flask. After the solution was dissolved in
dry THF (20 mL) and cooled to 0 °C, a solution of DCC (0.21 g, 1.02 mmol) and DMAP (0.010 g, 0.08
mmol) in THF (5 mL) was added drop-wise over the course of 1 h. The mixture was stirred at 0 °C for
an additional 2 h and then gradually warmed to 25 °C over the course of 24 h. During the warming
period, a dicyclohexyl urea precipitate formed, which was filtered and washed with THF (3 x 50 mL).
After the filtrate was evaporated, the resulting red wax was purified using silica gel column
chromatography in the dark with a mixture of hexane/ethylacetate (10/1).
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Fig. 2. Synthesis of the spiropyran functionalised norbornene monomer.

2.2.2  Characterisation of spiropyran functionalised norbornene monomer

Fourier transform-infrared (FT-IR) measurements were taken with a Perkin Elmer Spectrum GX
FT-IR System® instrument equipped with an attenuated total reflectance accessory at 264 scans with 4
em™ resolution. A solution of spiropyran norbornene monomer (102 M) in acetone was prepared,
irradiated for 1 minute with white light and 1 ml of this solution was transfer onto the ATR crystal. The
solvent was then evaporated and the spectrum of the spiropyran norbornene monomer in its closed
form was recorded. Next, the ATR crystal was exposed to UV light for 20 seconds to allow complete
conversion of the spiropyran norbornene monomer to the open merocyanine form and a new spectrum
was recorded.

2.2.3  Fused silica micro-capillaries coating protocol.

The protocol used to coat micro-capillaries with spiropyran polymer brushes is described in Fig. 3,
steps 1-4. Prior to functionalisation, the inner surface of fused-silica capillaries was first activated with
7-octenyl trichlorosilane. The inner capillary surface was quickly washed with acetone and water, then
flushed with a solution of NaOH 0.2 M for 30 min at a flow rate of 0.25 pl/min using a syringe pump,



and then rinsed with deionised water. Next, the capillary was flushed with a solution of HCI 0.2 M for
30 min at a flow rate of 0.25 pl/min, rinsed with water, and with dry toluene. A 0.1 M solution of the
silanisation agent (7-octenyl trichlorosilane) 0.1 M in dry toluene was pumped through the capillaries
for 90 min at a flow rate of 0.25 pl/min (Fig. 3 — step 1). The capillaries were then washed with
acetone, dried under nitrogen stream, and left at room temperature for 24h. Later, the capillary was
filled with a solution of Grubbs Catalyst Second Generation 0.02 M in degassed CH,Cl,, closed at both
ends using rubber septa and put in a water bath for 1h at 45 °C (Fig. 3 — step 2). After the catalyst-
attached capillary was thoroughly washed with degassed CH,Cl,. Finally, the capillary filled with a
solution of spiropyran functionalised monomer, SP-M 0.5 M in degassed CH,Cl, , closed at both ends
using rubber septa and put in a water bath for at 50 °C for 4 h (Fig. 3 — step 3). The polymerisation was
quenched by passing ethyl vinyl ether into the capillary (Fig. 3 — step 4). Finally the capillary was
thoroughly washed with acetone to remove any physisorbed materials.
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Fig. 3. Functionalisation protocol of fused silica micro-capillaries with spiropyran based polymeric brushes.



2.2.4  Estimation of the molar extinction coefficient of the SP-M

To estimate the molar extinction coefficient (€) of the SP-M in acetonitrile (ACN), 5 solutions of
different concentration of SP-M (0.2 x 107, 0.4 x 107, 0.6 x 10™, 0.8 x 10™ and 10™*) were prepared.
The solutions were irradiated with UV light for 90 seconds using an array of 9 UV LEDs (365 nm) and
the spectra were recorded on a UV—Vis—NIR PerkinElmer Lambda 900 spectrometer. A plot of the
Absorbance at Ap,, (nm) versus concentration showed good linearity (R* = 0.990). The molar
extinction coefficient of SP-M was calculated based on the Lambert-Beer law (eq.1), where the path
length, /, was 1 cm (the width of the quartz cuvette).

2.2.5  Physical morphology characterisation of polymer brushes

Spiropyran polymer brushes were imaged using scanning electron microscopy (SEM) performed on a
Carl Zeiss EVOLS 15 system at an accelerating voltage of 4.27 kV. The micro-capillaries were cut
using a SGT capillary column cutter with rotating diamond blade (SHORTIX, Nederland) to create a
smooth cut of the capillary wall. Then they were placed in vertical position in a custom made metallic
capillary holder that has holes of internal diameters equal to the external diameter of the micro-
capillary (375 um). This set-up allows the micro-capillaries to be kept in vertical position. During the
imaging process, the stage was tilted of an angle between 0 — 15° for better imaging of the inner wall of
the micro-capillary.

2.2.6  Optical characterisation of spiropyran coatings

The UV irradiation source used to switch the spiropyran based coatings and the spiropyran monomer
(SP-M) solution was an array of 9 UV LEDs placed at a distance of 1 cm from the spiropyran solution
or the functionalised micro-capillaries, respectively. The LEDs have an emission wavelength peak at
365 nm and an optical output power of 1.2 mW, supplied by Roithner Lasertechnik Austria. The white
light irradiation source used for the switching of MC back to SP form (in both solutions and capillary
coatings) was a DC-regulated light source supplied by Polytec, USA, and placed at a distance of 1 cm
from the illuminated area. The maximum power output of the lamp is 150 W, and the intensity control
of the light output was fixed at 50%. The optical switching of the spiropyran moiety inside the capillary
has been studied using USB 4000 Fiber Optic Spectrometer — Ocean Optics, Inc, when the light source
was a LS-1 tungsten halogen lamp (white light) obtained from Ocean Optics, Inc. A representation of
the set-up used for absorbance measurements is described in Fig. 4. The solvent acetonitrile (ACN)
was passed through the capillary at constant flow rate (0.5 ul/min) using a syringe pump (PHD 2000
Syringe) purchased from Harvard Apparatus. All the absorbance spectra were smoothed using Origin
Software (each initial spectra contained 3900 points; the smoothing was realised automatically using an
average value for every 50 points).
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Fig. 4. Scheme of the set-up used for absorbance measurements.



3. Results and discussions
3.1 Structure characterization and photoinduced conversion of SP to MC

ATR-FT-IR was used to characterise the chemical structure of the spiropyran functionalised
monomer as well as the photo-induced conversion of spiropyran to merocyanine in solution. Figure 5
shows the ring-closed SP and ring-opened MC form of SP-M after irradiation with UV light. Complete
characterisation and assignments are listed in Table 1. Bands of particular importance are the C-C-N
bend that appears in the spectra of SP-M at 1026 cm™ and the O-C-N stretching emerging at 952 cm™.
These bands disappear upon irradiation with UV light and new bands appear at 1593, 1426, and 1307
em™ assigned to the C=N', C-O and C-N' stretches, respectively, characteristic to the open
merocyanine form[29-35]. Also the symmetrical stretching band of the nitro group is shifted to lower
energy from 1520 to 1509 cm™ upon irradiation, due to the increased conjugation brought about in the
planar, merocyanine[35].
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Fig. 5. FT-IR spectra of spiropyran functionalised norbornene monomer (SP-M) before UV irradiation (a) and
after UV irradiation (b). Peaks that indicate the photoconversion of spiropyran to merocyanine are labeled.



Table 1. Important FT-IR frequencies for spiropyran functionalised norbornene monomer (SP-M) before
(spiropyran) and after (merocyanine) UV irradiation.

Spiropyran Merocyanine
Assignment Wavenumber |Wavenumber
(cm™) (cm™)
C=0 1734 1734
C=C stretch 1610 1607
C=N" - 1593
NO, sym stretch 1520 1509
C-C aromatic ring stretch |1481, 1459 1483, 1457
0 - 1426
NO, asym stretch 1336 1336
C-N stretch 1336 -
C-N" - 1307
C-O-C ether sym stretch  |1271 -
C-O-C ether asym stretch |1169 -
C-O ester stretch 1169 1156
C-O ester stretch 1086 1087
C-C-N bend 1026 -
O-C-N stretch 952 -
C=CH; CH out of plane|952 952
deformation (cis)
C-H bending 809 809
C-H bending 746 746
C-H bending 709 709

3.2 Polymer brushes length analysis

Fused silica capillaries were covalently functionalised with spiropyran polymer brushes as described
in the experimental section. Scanning electron microscopy of the inner wall of the capillary showed a
3D arrangement of polymer brushes with a thickness of about 1-2 pm as shown in Figure 6. Samanta et
al.[28] also used surface-initiated ring-opening metathesis polymerisation to produce spiropyran
polymeric brushes on a flat glass surface, obtaining brushes length of approximately 120 nm which are
shorter than the ones obtained by us. This length enhanced effect during the synthesis of polymer
brushes inside capillaries was previously reported by Miller et al. [36] who showed that when atom
transfer radical polymerisation (ATRP) is employed to produce polymer brushes inside a capillary, the
length of the brushes is longer than when the same technique was employed on flat surfaces. Although
the coatings present good homogeneity over the cross section, certain heterogeneity was observed
along the length of the micro-capillary through colourless areas on the capillary walls when irradiation
with UV light (coloured MC form should be present). Further investigations are on going to explore
ways to synthesise more homogenous coatings.

Fig. 6. Scanning electron microscopy image of the inner wall of a fused silica capillary (100 um inner diameter)
after functionalisation with spiropyran polymer brushes.



3.3 Photo-patterning of spiropyran-merocyanine forms in the capillary

SP-M and SP-polymer brushes were optically characterised in acetonitrile (ACN) since it is one of
the most common solvents to study the photophysical properties of spiropyran and spiropyran
derivatives before and after UV irradiation[37]. In our experimental conditions, ACN was used because
it is able to dissolve the monomer and solvate the polymer brushes, while also inhibiting the formation
of aggregates.

ACN was passed through the functionalised capillary at a constant flow rate of 5 uLmin™ filling the
channel completely and avoiding the generation of air bubbles. Then masks formed from metal foil
were placed in different positions along the capillary in order to pattern open/closed spiropyran regions
along the capillary (see Figure 7 a-b). To do this, the capillary was irradiated with UV light (365 nm)
for 10 s through the mask. After removing the mask it is clearly visible, even by eye, that the parts of
the capillary exposed to UV light irradiation have a strong purple colour characteristic of the
merocyanine form while the portions that were covered by the mask remained colourless depicting the
presence of the colourless closed form of the spiropyran, Fig. 7c. Moreover, when the entire capillary is
exposed to white light irradiation, the colour pattern of the capillary recovers the initial colourless
spiropyran form, Fig.7d. This protocol demonstrates that, with the polymer brushes structures, the
spiropyran presents no steric hindrance to the kinetics of opening and closing in response to UV and
white light irradiation, respectively.

Remove mask

|, White light

Fig. 7. Pictures of the spiropyran polymeric brushes functionalised capillaries when filled with acetonitrile (ACN)
after irradiation for 10 seconds with UV light through a mask (a and b), ¢ shows the pattern generated by the mask
on the capillary. Picture d shows the capillary after irradiation for 1 minute with white light.

3.4 Characterisation of SP-monomer in solution and SP-polymer brushes in the capillary by UV-Vis
spectrometry

UV-Vis spectra of the polymer brushes were taken using the set-up described in the experimental
section, Figure 4, permitting in-situ spectroscopic characterisation of the coatings inside the capillary.
When the capillary is irradiated with UV light for 10 s in the presence of ACN, the absorbance spectra
of the coating presents a A, at about 546 nm. This absorption band disappears after irradiation of the
capillary with white light for 1 minute because of the switching of the merocyanine molecule back to
the closed spiropyran form (Fig 8a). This behaviour shows a good agreement with the photochromic
response of the monomer (10 M) in ACN solution under identical conditions (Fig. 8b), which presents
a Apax 0f 568 nm.

The shift of the Ay, in the absorption spectra of the polymer brushes compared to that of the
monomer solutions is most likely due to local environmental effects related to the immobilisation of
the spiropyran moiety and the integration within the polymer matrix. This effect has been previously
observed in different spiropyran-polymer systems, where the shift in the A,,,x depends on the nature of
the polymer and the technique of immobilisation.[37-39] The significant hypsochromic (blue) shift in
Amax for the polymer brushes compared to the monomer indicates a more polar micro-environment of
the spiropyran in the brushes and it can be explained taking into account the compact organisation of



spiropyran units in the polymer brushes, where the conformation of a single spiropyran moiety is not
only influenced by the solvent but also by the neighbouring spiropyran units that in response to UV
light, are present in their more polar merocyanine form.
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Fig. 8. (a) Absorbance spectra of spiropyran polymer brushes functionalised in the capillary filled with ACN after
irradiation with UV and white light, respectively. (b) Absorbance spectra of spiropyran monomer (SP-M) solution
10* M in ACN after irradiation with UV and white light, respectively. The spectra are accompanied by photos of
the functionalised capillary (a) and monomeric solution (b) under the same experimental conditions.

Although the UV-Vis spectra were taken directly in the capillary (100 um, inner diameter) a high
absorbance value (0.2 a.u.) of the coating after 10 s UV light irradiation was obtained, indicating a
high loading of spiropyran units on the capillary walls. The concentration of spiropyran units inside the
micro-capillary was estimated using the Lambert-Beer law, with the molar extinction coefficient, &,
considered to be equal to the molar extinction coefficient of the monomer in ACN, since the polymer
brushes are formed from identical monomeric units. The molar extinction coefficient of the SP-M
calculated as described in the experimental section was found to be 46000 = 10 M'cm™. Consequently
the loading of spiropyran units inside the capillary was estimated to be approximately 43x10~ moldm™,
according to Lambert Beer law presented below.

Aprushes = € l-c Eq. 1

Where Aysnes 1S the absorbance of the photochromic coating after exposure for 10 s to UV light
(~0.2 a.u.), € is the molar extinction coefficient of the monomer in ACN (46000 = 10 M'cm™), ¢ is the
concentration of spiropyran units in the capillary and / is the inner diameter of the capillary (100um).

However, this is the loading of the spiropyran units relative to the capillary and not to the polymeric
brushes that represent only 2-4 % of the capillary width. These high values show that this platform can
be easily used to produce new types of sensors based on the inherited spiropyran proprieties where the
response of the sensor can be optically interrogated by simple absorbance measurements. The strong
response of the coating to the photo-stimulus (manifested in high absorbance values) shows the
promise of this platform for the development of optofluidics sensors where optic and fluidic
functionalities are integrated at the micro-scale to leverage their combined advantages.[40]

3.5 Switching properties of the SP-polymer brushes in the capillary by UV-Vis spectrometry

When the colourless SP-polymer brushes are illuminated with UV light (365 nm) the capillary
become purple-coloured, and the colour change is easily observed by eye. This effect has been
intensively investigated by us using other polymeric surfaces like poly(methyl methacrylate)[7-9, 41]
and in polystyrene/ silica beads[10], onto which spiropyran derivatives were covalently immobilised.
The capillary, filled with ACN was irradiated with 365 nm UV light for 10 seconds to convert the SP-
polymer brushes to the MC-polymer brushes form, then, the channels were illuminated with white light



for 1 minute. Absorbance values at 546 nm were recorded immediately after irradiation, Fig.9a. The
plot clearly shows a high efficient interconversion of spiropyran units inside the polymer brushes.
Therefore, the spiropyran moiety has enough freedom and it is well solvated by ACN, allowing the
high degree of conformational flexibility required for efficient switching between the MC and SP
forms.

Photo-stability over time has to be considered when dealing with spiropyran photochromic dyes, as a
well-documented photo-bleaching process[42-44] occurs when SP is exposed to UV—vis radiation for
extended time periods. After 5 switching cycles, the efficiency was found to be constant in the
capillary. Figure 8a shows typical results obtained for one location on the capillary. The Agp = 0.035 +
0.003 a.u. and the AMC =0.204 + 0.003 a.u. The AA SPHMC — 0.169 £+ 0.003 a.u. and the AAMC—>SP =-
0.169 = 0.001 a.u. for 5 cycles obtaining similar differences in absorbance values, therefore these
cycles are reproducible and repeatable, with no hysteresis. This result demonstrates that the capillary
could be re-used at least five times, without significant photo-bleaching, suggesting that it can be

photo-switched many more times if required.
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Fig. 9. (a) Absorbance intensity at 546 nm of spiropyran polymer brushes functionalised in a capillary after
repeated switching cycles consisting of 10 seconds UV light exposure followed by 1 minute white light irradiation.
(b) Absorbance decreases at the A, (546 nm) in acetonitrile as a function of time for the transition of the
spiropyran polymeric coating from the merocyanine form, obtained after UV light irradiation, to the closed
spiropyran form. Inset — Linear plot of In (At) vs. time used for the determination of the first order kinetic constant

of the spiropyran closing process (MC—SP).

The kinetics of the closing process of the spiropyran moiety inside the polymeric brushes was studied
using white light irradiation, Fig.9b. This involved inducing the formation of the MC state by exposure
of the capillary to UV light irradiation for 10 seconds, and then monitoring the decrease of the
absorbance value at A,x (546) at a fixed time interval of 60 seconds upon removal of the UV light
source, as equilibrium is re-established between the SP and MC forms. It is known from solution
studies that this process follows first-order kinetics[45], with the thermodynamics and kinetics strongly
influenced by the solvent. Figure 9b shows the reduction of the absorbance at the A, for the transition
from MC form of the polymer brushes to the SP form at 18 °C. From these measurements, the first-
order rate constants & for the MC to SP closing process in the presence of white light (coming from LS-
1 tungsten halogen lamp) was determined by plotting In (4,) versus time and it was found to be 4.4 =
0.5 x10™ s™. This value is similar to other reported values for spiropyran functionalised polystyrene
beads in ACN (1.5 x10™* (£2%) s™)[10] or for poly(methyl methacrylate) chains having a single
photochromic spiropyran end-group in ACN at 15 °C (3.03 x10~ s™)[37].

4. Conclusions

To the best of our knowledge this is the first time spiropyran based polymer brushes were grafted on
the inner walls of a micro-capillary. Using Si-ROMP a three-dimensional arrangement formed of
polymeric brushes, covalently attached to the inner wall of the fused-silica capillary, where the
spiropyran moiety has the freedom to open and close in response to light (UV, white light) was
obtained. It was shown that the photochromic behaviour presents good reproducibility and the
switching between SP to MC can be performed at least 5 times with no photobleaching. The spiropyran



polymer brushes inherit the spiropyran proprieties, in addition, a good agreement was found between
the monomer in solution and photochromic coatings obtained inside the capillary. Based on these
promising results, this fabricated and characterised capillary platform based on the spiropyran
proprieties will be further investigated as a novel miniaturised integrated optical molecular sensor for
real time analysis in continuous flow mode using a variety of analytes.
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