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ABSTRACT
Herein, we present the synthesis of linear photochromic norbornene polymers bearing spiropyran
side groups (poly(SP-R)), and their assembly into LbL films on glass substrates when converted
to the poly(MC-R) under UV irradiation. The LbL films were composed of bilayers of
poly(allylamine hydrochloride) (PAH) and poly(MC-R), forming (PAH/poly(MC-R))n coatings.
The MC form presents a significant absorption band in the visible spectral region which allowed
the LbL deposition process to be tracked by UV-Vis spectroscopy, showing a linear increase of
the characteristic MC absorbance band with increased number of bilayers. The thickness and
morphology of the (PAH/poly(MC-R))n films were characterised by ellipsometry and Scanning
Electron Microscopy, showing a height of ~27.5 nm for the first bilayer and an overall height of
~165 nm for the (PAH/poly(MC-R))s multilayer film. Prolonged white light irradiation (22h)
showed a gradual decrease of the MC band by 90.4 +2.9% relative to the baseline, indicating the
potential application of these films as coatings for photo-controlled delivery systems.

INTRODUCTION

A great number of stimuli-responsive materials, mostly involving polymers, have been reported
in the recent years, with applications spanning optoelectronics,' surface coatings,” photonics,’
biomedicine* and drug delivery.® Photo-responsive materials constitute a subset of particular
interest, as the stimulus can be applied remotely, in a non-invasive manner. Photo-responsive
materials have been the subject of many investigations over the past decade due to their numerous
potential applications, including optical memory devices,® switches and displays,’ artificial

muscles,® soft-actuators’ and drug delivery.!” Such materials are characterised by their ability to



absorb light energy of particular wavelengths, resulting in intra- or inter-molecular
transformations. These changes in molecular structure and configuration are typically
accompanied by changes in the optical properties,'! molecular charge,'? and dipole moment.'?

In the field of photo-responsive polymers, the Layer-by-Layer (LbL) approach offers a simple
and effective method to fabricate uniform thin films which are capable of photo-modulation. The
LbL technique is based on electrostatic interactions between oppositely charged materials and can
be achieved by various methods, such as dip-coating, spin-coating, spray-coating and flow based
techniques.'* !¢ In LbL dip-coating, a substrate is alternately immersed in solutions containing
positively (polycations) and negatively (polyanions) charged species, which adsorb to the surface
of the substrate. If these electrostatic interactions can be disturbed externally by photo-irradiation,
then triggered disassembly of the layers can be realised.!’

In this context, we have focussed our investigations on the synthesis of LbL coatings based on
photochromic norbornene polymers bearing spiropyran side groups, which are capable of
disassembling upon photo-stimulation. The photochromism of spiropyran (SP) is caused by photo-
cleavage of the Cspiro-O bond upon irradiation with UV light.!® This cleavage generates a
conformational rearrangement between the uncharged SP and ring-opened charged zwitterionic
merocyanine (MC) forms. The latter possesses a significant absorption band in the visible spectral
region which enables tracking of the switching process via UV-Vis spectroscopy. As exposure of
the MC form to visible light induces reversion to its closed uncharged SP form, it is therefore
possible to modulate the charge of this species simply by irradiation with light (UV and Vis).

When utilised for building polyelectrolytes multilayers, MC-functionalised polymers appear to
play the role of the anionic polyelectrolyte due to the anionic nitrophenolate group of MC which

is largely localised on the oxygen atom, in contrast to the positive charge of the indoline nitrogen,



which is extensively delocalised over the indoline ring.!” Electronic structure calculations of the
closed spiropyran (SP)/ open merocyanine (MC) isomers support this interpretation of
experimentally observed behaviour of MC-functionalised polymers, indicating that the phenolic
oxygen anion site in MC is present at a much higher charge density than the indoline nitrogen
cation site?®. SP functionalised polymers have been reported in LbL films in several studies. Li et
al. encapsulated SP units in block copolymers based on poly(zert-butyl acrylate-co-ethyl acrylate-
co-methacrylic acid (PTBEM) to produce negatively charged SP-PTBEM micelles which were
then intercalated with positively charged MgAl-layered double hydroxide (LDH) nanoplatelets.?!
This (SP-PTBEM/LDHs), organic—inorganic ultrathin film displayed fast SP-MC transformation
under UV/visible light irradiation cycles with enhanced reversibility and photostability, compared
to SP-PTBEM solution or pristine SP-PTBEM films obtained by a drop-casting method.?! In a
different approach, Pennakalathil et al., developed a LbL film composed of negatively charged
poly(acrylate, merocyanine) (PMC) and positively charged poly(diallyldimethylammonium
chloride) (PDADMAC). This (PMC/PDADMAC), (n=1-5) served as a sacrificial layer, on which
a second LbL film (sample layer) composed of negatively charged poly(sodium 4-
styrenesulfonate) (PSS) and PDADMAC, (PDADMAC/PSS), (n=25, 50, 75) was deposited.
Under white light irradiation in water, conversion of MC to the neutral SP form was induced,
causing the disassembly of the sacrificial layer and release of the sample layer.'

Herein we report the synthesis and characterisation of linear photochromic polynorbornenes
bearing spiropyran (poly(SP-R)) side groups. After irradiation with UV light (poly(MC-R)), these
polymers were used as anionic polyelectrolytes and intercalated with poly(allylamine
hydrochloride) (PAH), enabling LbL coating to be successfully achieved on glass slides.

Successive deposition of the (PAH/poly(MC-R)) bilayers was confirmed by UV-Vis spectroscopy.



The thickness, roughness and morphology of the coating was characterised by ellipsometry and
Scanning Electron Microscopy (SEM), respectively. Photo-induced disassembly of the layers upon

white light irradiation was also demonstrated.

MATERIALS AND METHODS

Reagents. 5-norbornene-2-carboxylic acid, exo- (Sigma-Aldrich), 1-(2-hydroxyethyl)-3,3-
dimethylindolino-6'-nitrobenzopyrylospiran (SP1) (TCI Europe), N,N’-dicyclohexylcarbodiimide
(DCC) (Sigma-Aldrich), 4-(dimethylamino)pyridine (DMAP) (Sigma-Aldrich) and Grubbs
generation-II catalyst (Sigma-Aldrich) were used as received. For the SP-R and poly(SP-R)
synthesis, dry tetrahydrofuran and dry dichloromethane solvents were purchased from Sigma-
Aldrich and used as received. For the UV-Vis characterisation and LbL procedure,
dimethylformamide (DMF) was purchased from Sigma-Aldrich and used as received. Microscope
cover glasses (24 x 60 mm, thickness = 0.085 to 0.115 mm, cut in 7 x 50 mm rectangles) were
purchased from Marienfeld Superior, Germany. Poly(allylamine hydrochloride) (PAH, My, =
15000) was purchased from Sigma and supplied by Dr. Simon Moulton, UOW.

Instrumentation. '"H NMR spectra of the poly(SP-R)) were performed in CDCls on a Bruker
Avance® spectrometer (400 MHz.). The particle size of poly(SP-R)) and their surface charge (C-
potential) was estimated from dynamic light scattering (DLS) using a Malvern Zetasizer Nano ZS
(Malvern Instruments, Ltd, United Kingdom). UV-Vis analysis of the SP-R, poly(SP-R) solutions,
poly(SP-R) LbL coatings on glass slides and the disassembly assay were performed on a Cary 50
spectrophotometer (Varian). Morphological studies of LbL coatings on silicon substrates were
performed using scanning electron microscopy (SEM) on a Carl Zeiss EVOLS 15 system at an

accelerating voltage of 9.64 kV. Prior to SEM imaging, the silicon substrates were coated with 10



nm of gold. The thickness of films was measured by profilometry using a Dektak 150 Surface
Profiler from Veeco Instruments Inc. Photo-conversion of monomer (SP-R to MC-R) and polymer
(poly(SP-R) to poly(MC-R)) solutions and LbL films ((PAH/poly(SP-R)), to (PAH/poly(MC-
R))n) was achieved using a UV chamber (CL-1000 Ultraviolet Crosslinker UVP). The reverse
process was performed using white light irradiation provided via a Fiber Lite LMI-6000 obtained
from Dolan-Jenner Industries. The maximum light output of the lamp is 780 Lumens, and the
intensity control of the light output was fixed at 100%. In all cases the sample was placed 3 cm
away from the light source.

Synthesis of the monomer, namely exo- S-norbornene-2-carboxylic acid spiropyran ethyl
ester (SP-R). The monomer (SP-R) was prepared from the reaction of exo-5-norbornyl carboxylic
acid with SP1 in the presence of DCC and DMAP as described elsewhere.????

Synthesis of poly(5-norbornene-2-carboxylic acid spiropyran ethyl ester) (poly(SP-R)).
Ring-opening metathesis polymerisation (ROMP) was performed using a modified version of the
previously described method.? Briefly, in a typical procedure, a solution of the monomer SP-R in
rigorously degassed CH2Cl> was poured into a CH2Clz solution of Grubbs catalyst second
generation, to obtain a final molar ratio SP-R: catalyst of 300:1 (poly(SP-R)300). The final
monomer concentrations were all 10 mM. The polymerization was left to stir at room temperature
for 14h. To stop the polymerization, excess ethyl vinyl ether was added under stirring and the
solution was exposed to the atmosphere for 30 min (Figure 1). The polymers were precipitated by
pouring the reaction solutions into hexane and collecting the precipitate using vacuum filtration.
poly(SP-R): Yield: 67% (white powder). 'H NMR (400 MHz, CDCl5): § 7.89 (br s, 2H, spiro>7),
§ 7.15-6.90 (br d, 2H, spiro**%), § 6.78 (br s, 2H, spiro>*), § 6.59 (br s, 2H, spiro’ **), § 5.77 (br s,

1H, spiro?), & 4.95-5.4 (br d, 2H, CH of double bonds in polymer backbone), § 4.09 (br s, 2H, O-



CH>), § 3.3-3.4(br d, 2H, -N-CH>), § 2.8-2.9 (br d, 2H, cp'®), § 2.6 (br s, 1H, cp?), 5 2.3 (br s, 1H,

cp?), 8 2.0-1.5 (br m, cp**, -CHj3).

NN O O

- ~Mes

Mes™ N N o NO, N o O NO,
o}

C | O
N o O NO, Cl,R/E;AF’h 62H4 Termination éZHA
|

CaHy P(C o}
| (Cy)z Ie) \OEt o)
(o] _—
(e} (ROMP) L
RU -7h  OEt
:ﬁ:& Rul i
m m

Figure 1. Scheme showing the polymerization of exo- 5-norbornene-2-carboxylic acid spiropyran

ethyl ester (SP-R) by ring-opening metathesis polymerization and the termination of the reaction.

Layer-by-layer deposition. Layer-by-layer deposition of polymers was performed on glass and
silicon substrates. The glass slides were firstly cleaned with different solvents: DI water, acetone
and ethanol. Following this, the glass slides were immersed in a NH4OH/H202/H20 (1:1:5, V:V:V)
solution (75 °C for 10 min), washed with DI water for 1 min, subsequently immersed in a
HCI/H202/H20 (1:1:6, V:V:V) hydrophilization solution (75 °C for 10 min), and finally washed
in DI water %%, These treatments generate negative charges on the glass surface due to partial
hydrolysis.?® The silicon substrates were cleaned with chloroform and acetone, followed by
sonication for 30 min in isopropyl alcohol. The LbL assembly was carried out by a cyclic repetition
of the following operations: the substrates were (1) immersed in a PAH solution (1 mg mL™!, pH
=7, adjusted with NaOH solution) for 3 min; (2) washed with DI water for 30 s; (3) immersed in
a poly(MC-R) solution (1 mg mL"!' in DMF/H,O 3/1 (V/V)) for 5 min (the poly(SP-R) solution
was previously irradiated with UV light for 3 min to produce poly(MC-R)); (4) washed with DI
water for 30 s. The scheme of deposition can be visualized in Figure S1. This sequence (1 to 4)
was repeated until the desired number of (PAH/poly(MC)). bilayers was reached. It should be

noted that, as the poly(MC-R) solution retained its purple colour after the first coating, it was not



necessary to irradiate it again with UV light. This is most likely due to the increased polarity of
the solution and high concentration of the polymer, resulting in slow kinetics for the reverse closing
process to the colourless SP-R form. Deposition of material at each step was monitored using UV-
Vis spectroscopy on a Cary 50 spectrophotometer (Varian). For SEM analysis, a (PAH/poly(MC))s
LbL film on a silicon substrate was achieved by immersing the substrate in decreasing volumes of
solution for each bilayer for the purpose of obtaining a film with a step architecture, where each
step represents a different number (1 to 5) of bilayers.

Disassembly assay. Glass slides and silicon substrates coated with (PAH/poly(MC))s were
immersed in a cuvette containing DMF:water (3:1) (V:V) and exposed to prolonged white light
irradiation using the Fiber Lite LMI-6000 white light source, at room temperature. The absorbance
of the film was measured by UV-Vis spectroscopy every 30 min/60 min. A single exponential
model (eq. 1) was used to determine the photo-disassembly constant for the (PAH/poly(MC-R))s
LbL sample.

y=axe * +b (eq- 1)
where y is the absorbance at 345 nm, a is the scaling factor, & is the first order photo-disassembly
rate constant (min'), b is the baseline offset, and ¢ is time (min).

The half-life (t1) for the photo-disassembly was calculated using eq. 2.
2

£, = 2@ (eq. 2)
3 k

The (PAH/poly(MC-R)). LbL samples were also analysed by SEM and profilometry.

RESULTS AND DISCUSSION
Synthesis and characterisation of polymers poly(SP-R). Confirmation of polymerization was

determined by '"H NMR, based on the shift of the norbornene olefinic peaks, observed between



6.14 and 6.06 ppm for the monomer to 5.21 and 5.15 ppm for the polymer (poly(SP-R)300), as
shown in Figure S2. This is due to the opening of the norbornene ring through ring opening
metathesis polymerisation. A Poly(SP-R) solution was analysed by DLS in DMF (0.1 mg mL™") to
obtain information about the particle size of poly(SP-R) polymer and its zeta potential ({) in both
spiropyran and merocyanine states. The values found for the polymer particle size were centred
around 206.7 nm, with a polydispersion index (PdI) of 0.43 (Figure S3). UV irradiation of the
solution to achieve switching from poly(SP-R) to poly(MC-R), showed two peaks for the zeta
potential ({), a positive one centred at 95 mV with 22929.7 counts and a negative one centred at -
9.87 mV with 127701 counts, due to the zwitterion nature of the merocyanine isomer (Figure S4).
Approximately 10 min after the UV irradiation was stopped, the negative peak disappeared almost
completely and only a small (2304 counts) positive peak centred at 39.6 mV remains, indicating
the structural change accompanying conversion of the MC-R zwitterion to the neutral SP-R in an
intermediary form in which the positive charge is steadily decreasing. These results indicate that
poly(MC-R) polymers could serve as poly(anions) in LbL coatings (the negative  peak
considerably larger compared to the positive peak), and that the charge can be cancelled through
exposure to white light.

UV-Vis absorption spectroscopy of monomer and polymer solutions. To study the
photochromic properties of SP-R and poly(SP-R), solutions of the monomer (0.17 mg mL') and
polymer (0.17 mg mL™") were prepared in DMF:water (3:1) (V:V) and analysed by UV-Vis
spectroscopy. Reversible photo-induced isomerization was observed for the solutions studied
when irradiated with UV (365 nm) and white light (WL), respectively, during 1, 2 and 3 min
irradiation cycles (Figure 2). Both solutions showed the typical UV absorbance band centred at

Amax=352 nm and the visible absorbance band (centred at Amax=550 nm in the case of MC-R



solution and 565 nm for the poly(MC-R) solution) assigned to the n-n* electronic excitation of the
benzopyran part of the molecule and the conjugated merocyanine form, respectively.?6 MC
isomers are well known for their solvatochromic properties, where their absorbance band is
strongly dependent of the polarity of the solvent and the local environment.?>*”-? The absorption
spectra of the spiropyran monomer and polymer (Figure 1), in both the closed (SP-R, poly(SP-R))
and open (MC-R, poly(MC-R)) forms were similar (Figure 2), which illustrated that the
polymerisation of the spiropyran monomer did not have a significant effect on the ground-state
properties of the isomers. Moreover, as the UV-Vis spectra of poly(SP-R) solution (Fig. 2B) does
not change beyond 2 min of UV irradiation (spectra obtained after 2 min UV is identical with the
spectra obtained after 3 min UV) it indicates that equilibrium SP to MC conversion of poly(SP-R)
in DMF:water (3:1) is achieved within this time interval. This is in accordance with previous
results reported for spiropyran functionalised polynorbornene brushes obtained through surface-

initiated ROMP, where the rate constants for the ring-opening equilibrium were calculated to be

between 1.04 and 2.84x1072 5.7
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Figure 2. UV-Vis spectra of 0.17 mg mL™! solutions of (A) SP-R monomer and (B) poly(SP-R) in

DMF: water (3:1), after 1, 2 and 3 min irradiation with UV and white light (WL), respectively.
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The spectra for SP-R monomer and poly(SP-R) solutions after WL irradiation are identical and
therefore overlapping, indicating that 1 min of WL irradiation is sufficient in these conditions
(solvent and SP-R/poly(SP-R) concentration) to achieve equilibrium MC to SP conversion for both

the monomer (A) and polymer (B) solutions, respectively.

CzH4 C2H4
Figure 3. Light-induced reversible switching between the closed spiropyran form (SP) and the

open merocyanine form (MC) inside the poly(SP-R) matrix.

UV-Vis absorption spectroscopy of LbL coatings. UV-Vis spectroscopy was employed to
monitor the LbL deposition of PAH and poly(MC-R) on glass slides by means of dip-coating, as
described in the experimental section (Figure 4). The regular deposition of (PAH/poly(MC-R))10
bilayers was confirmed by a plot of the characteristic absorption band of poly(MC-R) at 345 nm
and 590 nm, versus the bilayer number (Figure 4C and 4D). This linear increase confirms that the
same amount of material is deposited in each step.?**! In the UV-Vis spectra of the film, the main
bands of poly(MC-R) at 345 nm and 590 nm are present, as in the solution spectra. However, for
the film, the bands are considerably broader, most likely due to aggregation of the material onto
the surface, a typical behaviour of layer-by-layer films of this nature.®>>* A representative
(PAH/poly(MC-R))1o film on a glass substrate is shown in Figure 4B, as it appears after 3 min of

UV irradiation.
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Figure 4. UV-Vis characterisation of PAH/poly(MC-R) bilayers. (A) UV-Vis spectra of each
bilayer of the (PAH/poly(MC))o film; (B) Image of the corresponding (PAH/poly(MC))10 coated
glass slide. Plot of the absorbance at 345 nm (C) and 590 nm (D) of (poly(MC-R)), vs the bilayer
number. The film was composed of 10 bilayers. The coating was done on three different glass
substrates. The error bars represent the standard deviation of the absorbance at 345 nm (C) and
590 nm (D), respectively, for each bilayer. Error bars represent standard deviations for 3 repeated

LbL assemblies.

LbL photo-response. The photochromic behaviour of the LbL coatings was characterised after

immobilisation on glass substrates. (PAH/poly(MC))s coated glass slides were placed in a cuvette
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with DMF:water (3:1) (V:V), subjected to the same UV and white light irradiation cycles as per
poly(SP-R) solution (Figure 2B) and analysed by UV-Vis spectroscopy (inside the cuvette). As
shown in Figure 5A, the (PAH/poly(MC))s LbL film maintains its reversible photochromic
behaviour even after immobilisation. UV and white light (WL) irradiation cycles cause an increase
(UV) and subsequent decrease (WL) of the merocyanine band. Irradiation of the coated glass slide
with UV light for 1, 2 and 3 min, caused an increase of the 590 nm absorbance to 0.05+0.007 a.u.,
0.095+0.008 a.u. and 0.125+0.007 a.u. (average and standard deviation, n=3), respectively. Similar
to solution studies, irradiation of the LbL film with white light for 1, 2 and 3 min, respectively,
caused the disappearance of the 590 nm absorption band. The magnitude of the absorbance change
upon UV/white light irradiation cycles in the film (Fig. 5A) is considerably smaller compared to
solution (Fig. 2B). This is expected due to the decreased degree of freedom of the SP/MC unit in
the immobilised layer. The change in the absorbance at 590 nm between (PAH/poly(SP))s and

(PAH/poly(MC))s after each UV/WL cycle (1, 2 and 3 min, respectively) is shown in Figure 5B.
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Figure 5. (A) UV-Vis spectra of a 5-bilayer LbL coated glass slide showing the change of the
characteristic poly(MC-R) band (Amax=590) upon three successive UV/white light (WL)

irradiation cycles of increased duration (1, 2 and 3 min, respectively); (B) The change in the
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absorbance at 590 nm between (PAH/poly(SP))s and (PAH/poly(MC))s after each UV/WL cycle
(1, 2 and 3 min, respectively). The test was done for 3 different glass substrates coated. The error

bars represent the standard deviation of the absorbance at UV/WL irradiation cycles, (n=4).

Surface morphology, thickness, and roughness of PAH/poly(MC) multilayers. Scanning
Electron Microscopy was used to study the morphology of the layers and the distribution of the
material on the substrate. For this purpose, a (PAH/poly(MC))s experiments were performed with
the aim of creating the LbL step architecture proposed in Figure 6A on the silicon substrate as
described in the experimental section. Representative images obtained for the bilayers obtained
are shown in Figure 6B, Bil-5. SEM analysis revealed that from bilayer 3 onwards, complete
coverage of the silicon substrate was obtained. In contrast, for the first bilayer, the polymer
deposition was not completely homogeneous. This could be attributed to weak interactions
between the substrate and low charge-density polymers, resulting in a reduced number of
attachment points. Conversely, polymers which exhibit a high charge density offer more
attachment points to the substrate surface, thereby resulting more uniformly flat LbL layers.?® The
increase in roughness and aggregate formation from 1 bilayer to 5 bilayers is noticeable in the
images presented in Figure 6. This is a common observation in LbL studies.*>*¢® Profilometer
analysis of the (PAH/poly(MC))s film gave an estimated total thickness of ~165 nm for the 5-
bilayer film (Figure S5), and a thickness of ~27.5 nm for the first bilayer alone (Figure 6-Bil,
Figure S6). This thickness is comparable to other polymeric LbL films*°. Profilometry analysis
was also performed after the film (PAH/poly(MC))s was subjected to photo-induced disassembly.
It showed that the thickness of the coating decreased from ~165 nm to ~11 nm, evidencing the
release of material from the substrate (Figure S7). Figure S5 reveals sharp peaks around 500 and

600 nm that are not present in Figure S6 (first bilayer). This is in agreement with the aggregates
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visualized in the SEM images, which become more obvious with an increased number of bilayers
(Bi 1 to Bi 5, Figure 6B). Despite the roughness of the LbL films there is no apparent adverse
effect on their photo-response behaviour (Figure 5).

Profilometry analysis of the 5 bilayer film (Figure S5) also reveals sharp peaks around 500 and
600 nm, in agreement with the aggregates visualized on the SEM images (Figure 6). Despite the

roughness of the LbL films there is no apparent adverse effect on their photo-response behaviour

(Figure 5).

Figure 6. (A) Representative scheme of the (PAH/poly(MC))s LbL film showing the proposed
step architecture and (B) scanning electron microscopy images of each of the steps:
(PAH/poly(MC)): (Bi 1), (PAH/poly(MC)). (Bi 2), (PAH/poly(MC))3 (Bi 3), (PAH/poly(MC))4

(Bi 4), and (PAH/poly(MC))s (Bi 5), respectively. Scale bar (red) represents 2 um.

Photo-induced Disassembly. In order to study the disassembly of the layers by photo-
irradiation, the (PAH/poly(MC-R))s LbL coated glass slide was subjected to white light irradiation.
It was expected that by switching the charged poly(MC-R) to uncharged poly(SP-R), while

immersed in the DMF:water (3:1) (V:V), the PAH/poly(SP-R)) layers would disassemble due to
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the diminishing electrostatic interactions between the poly(SP-R) and PAH layers. This process
was monitored by UV-Vis spectroscopy. The films were maintained under white light during the
test and UV-Vis spectra of the film inside the cuvette (DMF:water (3:1) (V:V)) was recorded in
intervals of 30 min and 1 h. The absorbance at A=345 nm was chosen and plotted against time to
confirm the disassembly progress. The control film was kept in the dark, in the absence of any
light irradiation, with measurements performed under the same conditions as for the film
disassembly.

Figure 7 documents the absorbance of the (PAH/poly(MC-R))s LbL coated glass slide at A=345
nm when immersed in DMF: water (3:1) (V:V). Under white light irradiation, the intensity of the
absorbance is seen to decrease, eventually reaching a plateau near the baseline (equal to the
absorbance of the glass substrate in this solvent system). In contrast, the control film maintained a
relatively unchanged absorbance at A=345 nm over the same period of time. The almost total
disassembly of film occurred over 22 h, as evidenced by an overall decrease of 90.4 £2.9% (n=2),
relative to the baseline. The first order photo-disassembly constant (k) was estimated by fitting the
values of the absorbance at 345 nm using Microsoft Excel Solver and eq. 1 (Figure 8). The photo-

disassembly rate constant (k) was found to be 2.69x107 min!, with a half-life (t1) for the
2

disassembly process of 257 min.
Surface profilometry analysis of the film, showed a decrease in height of the (PAH/poly(MC-
R))s film from ~165 nm (Figure S5) to ~11 nm after white light irradiation (Figure S7), thereby

confirming that disassembly had occurred as suggested by the UV-Vis spectroscopy.
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Figure 7. Absorbance at A=345 nm of PAH/poly(MC-R))s film after white light exposure (blue)
and in the dark (black), at different times. The red points represent the absorbance of the glass
substrate at 345 nm. The error bars in the blue scatter graph represent the standard deviation of the

absorbance at 345 nm for each time interval (n=3).

CONCLUSION

In the work presented herein we have introduced a photochromic linear spiropyran-containing
polymer, poly(SP-R), which was polymerized from a monomeric SP-norbornene (SP-R)
derivative. The polymer formed LbL films via photo-induced assembly using UV light which
could be subsequently disassembled using white light. Solution state UV-Vis measurements of
poly(SP-R) showed that the spiropyran photochromism was retained in the polymeric state,
thereby confirming that covalent attachment of the spiropyran derivative within the polymer does
not adversely affect its reversible switching behaviour.

Via a very simple and efficient method, LbL thin films containing the polymers poly(MC-R)

and PAH were created. Successive deposition of up to ten bilayers was achieved, in which the
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predominant electronic absorption bands of the MC form was retained, implying the MC form was
stabilised by the local charged polymer environment.

The absorbance of the (PAH/poly(MC-R))s film was monitored at A=345 nm under white light
irradiation to follow the disassembly of the film over a 22 h period. The initial thickness of this
five-bilayer film was measured using ellipsometry to be ~165 nm prior to white light irradiation
and ~11 nm after, confirming the photo-induced disassembly capacity of film. This study shows
that spiropyran-functionalised polymers could be used for the fabrication of stimuli responsive
polymeric capsules and formed via layer-by-layer that have the ability to assemble and
disassemble using light. This exciting development could be of interest for many potential

applications, such as photo-controlled uptake and release of therapeutic agents at precise locations.

SUPPORTING INFORMATION. Layer-by-Layer deposition scheme (Figure 1). '"H NMR of
the linear poly(SP-R) in solution (Figure S2). DLS (Figure S3) and Zeta Potential (Figure S4) of
poly(SP-R)/Poly(MC-R) solutions. Surface profilometry of (PAH/poly(MC-R)) LbL films after
assembly of five bilayers (Figure S5), first bilayer (Figure S6) and after photo-induced disassembly
of the five-bilayer film (Figure S7). This material is available free of charge via the Internet at

http://pubs.acs.org.
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