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This paper reports patterned films with thermal colorimetric and fluorescent response fabricated by
a combined approach based on electrophoretic deposition (EPD)-photolithography. A composite film
of diacetylene (DA)/layered double hydroxide (LDH) was prepared by the method of EPD, and the
photolithography technique was subsequently employed to further obtain a polydiacetylene (PDA)/
LDH patterned fluorescence film via UV-induced polymerization of DA in the two-dimensional (2D)
gallery of LDH matrix. The PDA/LDH film shows a well c-orientation of LDH platelets (the ab plane
of the LDH platelets parallel to the substrate) confirmed by XRD and SEM. Both the in situ UV-vis
absorption and fluorescence emission spectroscopy indicate that the composite film exhibits marked
thermal colorimetric and fluorescent behavior in the temperature range 20-130 °C, which is reversible
over a number of heating/cooling cycles. It should be noted that the pristine PDA shows no reversible
thermal colorimetric and fluorescent performance at all. The transformation of an organic
chromophore from irreversible to reversible thermal response material upon incorporation into a 2D
layered matrix is the most distinct feature in this work. It was demonstrated that the thermally response
behavior resulted from the strong hydrogen bond interaction between the PDA and LDH matrix,
which was confirmed by in situ Raman and in situ attenuated total reflection Fourier-transform infrared
(ATR FT-IR) spectroscopy. Therefore, this work provides new opportunities for the fabrication of

thermally responsive patterned films with high stability and reversibility, which can be used in

intelligent response and display devices.

1. Introduction

Conjugated polydiacetylenes (PDAs) derived from the
polymerization of 1,3-diacetylene (DA) derivatives have attrac-
ted great attention during the past few years, owing to their
functionalizability and applicability in colorimetric detection
systems.! Unique “blue-to-red” colorimetric transition of
variously modified PDA derivatives has been utilized to monitor
ligand-receptor binding events involving viruses,® toxins,?
glucose* and ionic interactions.® Solution-phase sensing was
normally disadvantageous in terms of signal intensity and/or
applicability to miniaturized sensor systems, which greatly
limited the wide application of PDAs. To solve these problems,
many efforts have been made by immobilization of PDAs onto
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glass, quartz, silicon and polystyrene substrates;® however, the
resultant materials generally suffer from poor stability, process-
ability, response time and sensitivity. Therefore, it is highly
essential to search for novel materials to immobilize the PDAs
for achieving sensor and array devices with high stability,
reusability and environmental compatibility.

In recent years, considerable interest has been focused on the
fabrication of conjugated polymer—inorganic composite mate-
rials, since they may show novel functionalities (ascendant
photo-, thermal- and mechanical-stabilization), which are not
present in the individual components alone. Layered double
hydroxides (LDHs), whose structure can be generally expressed
as [MY_ M"™_ (OH),](A"),,-mH>O (M" and M"™ are divalent
and trivalent metals respectively; A"~ an n-valent anion), are one
type of important layered materials which represent a large
versatility in terms of chemical composition and capability to
build up 2D-organized structures (stacking of the host layers
gives rise to an accessible interlayer space in the nanometre
scale).” The incorporation of polymer monomer into the LDH
gallery for in situ preparation of polymer-LDH composites
exhibits the following advantages: firstly, LDH provides
a confined reaction region for controlling the monomer poly-
merization (molecular weight, products distribution); secondly,
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the intrinsically anisotropy of the LDH matrix imparts a high
orientation and configuration to the polymers, which are
expected to exhibit advanced physicochemical properties;
thirdly, the presence of the LDH matrix would improve the
stability (optical, thermal and mechanical) and environmental
compatibility of the functional polymer molecules.

Recently, patterning the chemical properties of films has
attracted great attention in the filed of miniaturized sensor design
and molecular electronics.® Patterned films can control the
localized interfacial properties including electron conduction
pathways and the spatially interfacial gradient required for
interfacially driven fluid and particle flow. Many patterning
techniques have been reported, including selective deposition,®
polymer-on-polymer stamping,'® capillary transfer lithog-
raphy," imprinting,'”> spin coating'® and microfluidic
patterning.’* The photolithography method, achieved by using
a mask or aperture to localize the photochemistry spatially, is an
efficient tool for microfabrication in a broad range of applica-
tions in science and technology.’ This technique has gained
increasing interest due to its versatility, flexibility and rapid
processability. This gives us impetus to challenge the goal of
fabricating patterned films by the photolithography method, for
the purpose of obtaining array sensors and devices with high
stability and reusability.

The PDA-based chemosensors reported to date generally
function in a irreversible fashion, because the blue-phase shifts to
the red-phase upon a given external stimulus while the backward
“red-to-blue” transition does not occur even though the stimulus
is removed from the system. Therefore, how to improve their
reversible luminescence response remains a challenge. In this
work, DA molecule intercalated LDH composite films were
fabricated by the electrophoretic deposition (EPD) method, and
the photolithography technique was employed to further obtain
patterned films which show thermal colorimetric and fluorescent
response with high stability and reversibility. Furthermore, the
film with a thickness of 500 nm exhibits thermal colorimetric and
fluorescent behavior with fast response due to the strong
hydrogen bond interactions between host and the guest, which
was confirmed by in situ Raman and in situ attenuated total
reflection Fourier-transform infrared (ATR FT-IR) spectros-
copy. It is expected that the strategy reported here can be
employed to fabricate a variety of patterned images with inter-
esting thermally-driven behavior, which can be used in the fields
of intelligent response and display.

2. Experimental section
2.1 Materials

Diacetylene (DA, biochemistry grade) was purchased
from Sigma-Aldrich. Analytical grade chemicals including
Mg(NOs),-6H,O, AI(NO3);-9H,0, NaOH, tetrahydrofuran
(THF) and C,HsOH were used without further purification.
Deionized and decarbonated water was used in all the experi-
mental processes.

2.2 Synthesis of the DA-LDH colloid suspension

The Mg,Al-NO3; LDH precursor was synthesized by the
hydrothermal method.’® Subsequently, the DA intercalated

LDH colloid composite was prepared following the ion-exchange
method. DA (1073 mol) was dissolved in 150 mL of water-THF
mixture solvent (1 : 1, v/v). Freshly prepared Mg,Al-NO; LDH
colloid (40 mL, 0.025 g mL™") was dispersed in the mixture
solution thoroughly. The suspension was agitated at room
temperature under N, atmosphere for 48 h. The DA-LDH
colloidal suspension was obtained by washing extensively with
water and then dispersing in ethanol (0.01 g mL™").

2.3 Fabrications of the DA-LDH thin film

ITO Substrates were firstly cleaned by immersing in a bath of
deionized water and ethanol (1 : 1, v/v) in an ultrasonic bath for
30 min. The DA-LDH thin film was fabricated by the EPD
method. Ethanol was used as a dispersion medium to prepare the
colloidal nanoparticle suspension of DA-LDH (0.005 g mL™").
Two ITO substrates were used as the working and counter
electrode respectively, which were placed parallel with a distance
of 1 cm. The voltage between the two electrodes was set at 10 V
and the electrophoretic time was 5 min.

2.4 Fabrication of the patterned PDA-LDH thin film

The patterned PDA-LDH thin film was obtained by irradiating
the DA-LDH thin films with 254 nm UV light for 5 min through
a photomask with 50 and 500 pm wide line, respectively This
process induced photopolymerization of DA in the LDH gallery
in the exposed areas.

2.5 Characterization techniques

The powder XRD measurements were performed on a Rigaku
XRD-6000 diffractometer, using Cu Ka radiation (A =
0.15418 nm) at 40 kV, 30 mA, with a scanning rate of 5° min~',
and a 26 angle ranging from 2° to 65°. SEM images were
obtained using a ZEISS scanning electron microscope. The
UV-vis spectra were collected on a Shimadzu U-3000 spectro-
photometer. Fluorescence emission spectra were recorded on
a RF-5301PC fluorophotometer (1.5 nm resolution) in the range
500-650 nm with the excitation wavelength of 490 nm and slit
width of 3 nm. The attenuated total reflection Fourier-transform
infrared (ATR FT-IR) spectra were recorded using a Vector
22 (Bruker) spectrophotometer in the range 4000-400 cm~' with
4 cm™! of resolution. Elemental analysis samples were prepared
by dissolving 30 mg of solid sample with a few drops of
concentrated HNOj; and diluted to 50 mL with water. Mg and Al
elemental analysis was performed by atomic emission spectros-
copy with a Shimadzu ICPS-7500 instrument. C, H, N content
was determined using an Elementar vario elemental analysis
instrument. The water content of the sample was obtained by
thermogravimetry. Fluorescence images were observed using an
OLYMPUS-BX51 fluorescence microscope. Steady-state polar-
ized photoluminescence measurements were recorded with an
Edinburgh Instruments’ FLS 920 fluorimeter. The surface
roughness and thickness data were obtained by using the atomic
force microscopy (AFM) software (Digital Instruments, version
6.12). The Raman spectra were obtained with 514.5 nm of
excitation by using a confocal Raman microspectrometer
(Renishaw Instruments Co. Ltd., RM2000) in the range
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8002200 cm'. The heating/cooling speed is 10° min~' in all the

in situ measurements.

3. Results and discussion
3.1 Structural and morphological characterization

The XRD patterns of the Mg,Al-NO; LDH precursor and the
resulting PDA-LDH powder and thin film samples are shown in
Fig. 1. All the patterns of these samples can be indexed to
a hexagonal lattice. The interlayer spacing can be calculated from
averaging the positions of the three harmonics: ¢ = 1/3 (dyp3 +
2dyos + 3dooo)- The (003) reflection of Mg,Al-NO; LDH powder
sample at 26 = 9.9° (Fig. 1A curve a) shows an interlayer distance
of 0.88 nm. The basal spacing of the PDA-LDH composite
(Fig. 1A curve b) increased to 2.01 nm as a result of intercalation
of DA and its resulting polymerization reaction. Compared with
the PDA-LDH powder sample (Fig. 1A curve b), the
PDA-LDH thin film (Fig. 1A curve c¢) displays only one series of
00/ reflections, indicating a highly ordered stacking of the ab
plane of LDH platelets parallel to the substrate. The SEM image
of the PDA-LDH thin film exhibits a smooth and continuous
surface in the top view (Fig. 1B). High magnification of the film
(Fig. 1C) demonstrates that the PDA-LDH nanoplatelets
(100~200 nm) are densely packed on the substrate plane with
well c-orientation, consistent with the XRD results. The
side-view of SEM image shows a thickness of 500 nm for the
PDA-LDH film on a quatz substrate (Fig. 1D). The chemical
composition of the PDA-LDH composite was found to be
[Mgo.67Alo.33(OH)2] (DA)31(OH)g2-1.12H,0 based on the
elemental analysis and TG-DTA results.

3.2 Patterning of the PDA-LDH thin film and its thermal
response behavior

In order to achieve the patterned PDA-LDH thin film with
thermochromic and fluorescent behavior, a photolithographic
method was employed (Fig. 2). Firstly, the DA-LDH thin film

Intensity I cps

Fig.1 (A) XRD patterns for (a) Mg,Al-NO3; LDH powder sample, (b)
PDA-LDH powder sample and (c) PDA-LDH film; top-view of SEM
images for the PDA-LDH film at (B) low magnification and (C) high
magnification; (D) side-view of SEM image for the PDA-LDH film on
a quartz substrate.

Cooling to room
temperature

Heating ]
to 130C

Fig. 2 Schematic representation for the generation of patterned images
of the PDA-LDH thin film.

was irradiated with 254 nm UV light for 5 min through
a photomask, which induced photopolymerization of DA in the
LDH gallery in the exposed areas to produce the blue phase.
Then, the film was heated at 130 °C for 1 min to cause the blue-
to-yellow color change of the PDA molecule. Finally, the film is
cooled down to room temperature leading to the formation of
the red phase. Upon repeating such thermal cycle between room
temperature and 130 °C, the reversible color change between red
and yellow can be observed.

Fig. 3 shows optical (top) and fluorescence microscopic
(below) images of the PDA-LDH thin film induced by pho-
tomasked irradiation with two different wide line (500 and
50 um). UV irradiation of the colorless DA-LDH film results
in the formation of patterned blue/colorless image with 500 pm
wide line, confirming a successful photoinduced polymerization
of the interlayer DA monomer in the UV-exposed areas
(Fig. 3B, top). Heating the film at 130 °C causes the transition
to yellow/colorless patterned image (Fig. 3C, top); while it

Color
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Fig. 3 Patterned film of PDA-LDH induced by UV irradiation and its
thermochromic behavior (top: 500 um wide line) and fluorescent transi-
tion (below: 50 pum wide line): (A) the DA-LDH film, (B) the patterned
PDA-LDH film obtained by UV irradiating (A) for 5 min, (C) the
patterned film by heating (B) at 130 °C for 1 min, (D) the patterned film
by cooling (C) to room temperature.
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transfers to red/colorless patterned image as the film is cooled
down to room temperature (Fig. 3D, top). In the case of the
photoemission behavior, no fluorescence image was found for
both the DA-LDH film and the resulting PDA-LDH film via
UV light irradiation, since DA and blue phase PDA is
non-fluorescent (Fig. 3A and 3B, below). The heat-treatment at
130 °C shows an orange—yellow/colorless patterned fluorescence
image with 50 pm wide line (Fig. 3C, below), which displays
a bluish—green/colorless patterned fluorescence image when the
sample is cooled to room temperature (Fig. 3D, below). Upon
repeating such thermal cycle between 20 and 130 °C, the
reversible color and fluorescence images of the PDA-LDH thin
film can be obtained. In addition, a patterned film of
PDA-LDH with 500 pm square and 500 pm spacing was
fabricated via a similar method, which shows the same
chromatic reversibility with the line-type patterned film
(as shown in Fig S1f). In contrast, for the corresponding
patterned film prepared with physical mixture of PDA and
LDH, no significant thermal response for the optical and
fluorescence image was observed in the temperature range
20-130 °C (Fig. S21). Therefore, it can be speculated the
thermal response performance is relevant to the host-guest
interaction, which will be further discussed in the next section.

3.3 Thermal response reversibility of the PDA-LDH thin film

For the colorless DA-LDH thin film, no absorption band was
found (Fig. S3t curve a). After UV-irradiation, a sharp
absorption band at 627 nm (excitonic band) and a vibronic
shoulder at ~590 nm due to m-conjugated poly (ene-ynes)
structure appeared,'” indicating the formation of PDA with high
conjugation length in the LDH gallery (blue phase, Fig. S3fcurve
b). Upon heating at 130 °C, a single broad peak at 494 nm
attributed to w—7t* electronic transition of the yellow PDA phase
was observed (Fig. S3t curve c), suggesting the conformational
degradation of the polymethylene chain in PDA and/or the
decrease in its order degree.'® After cooling to 20 °C, the
PDA-LDH thin film showed absorption bands consisting of
a sharp one at 530 nm (electronic band) and a broad one at
494 nm (vibronic band) (red phase, Fig. S37 curve d).
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Fig.4 The in situ UV-vis absorption spectra of the PDA-LDH thin film
in a (A) heating and (B) cooling cycle in the temperature range 20-130 °C.

In order to monitor the spectral change in a heating/cooling
cycle, in situ UV-vis absorption spectra of the PDA-LDH thin
film were recorded (Fig. 4). As the temperature increased from 20
to 130 °C, the intensity of the two absorption bands decreased
gradually; the band at 530 nm (red phase) disappeared and only
a single broad band at ~494 nm (yellow phase) was observed at
130 °C (Fig. 4A). As the film was cooled to 20 °C, it showed
converse spectral changes with the entirely recovered two bands
at 494 and 530 nm (Fig. 4B). In contrast, the physical mixture
sample film (PDA and LDH) showed increasing absorption at
490 and 530 nm without shift during heating from 20 to 80 °C;
then the absorption intensity decreased upon further increasing
the temperature to 130 °C (Fig. S41). The absorption spectrum
did not recover to its original form after cooling back to 20 °C.
The contrastive results indicate that the degree conjugation of the
7 electrons along the polymer backbone changes reversibly
between the red phase (530 nm) and the yellow phase (494 nm)
for the PDA-LDH thin film in the temperature range 20-130 °C.

The fluorescence properties of PDA exhibit very important
and attractive features. In order to study the fluorescence
reversibility of the PDA-LDH thin film, the emission spectra
were measured and displayed in Fig. 5. During heating the PDA—
LDH thin film from 20 to 130 °C, the emission band moves from
591 to 615 nm with a concomitant gradual decrease in the
luminescence intensity. The red shift and the intensity decrease of
the emission peak may be attributed to the reduction of PDA
order (the side chains and the backbones) and/or the enhance-
ment of nonradiative decay processes caused by molecular
thermal fluctuations. As the film is cooled to room temperature,
it recovers its original emission wavelength and intensity
completely accompanying with converse spectral change
(Fig. 5B). The reversible fluorescence performance can be readily
repeated in 20 consecutive cycles with a relative standard devi-
ation (RSD) of 0.61% (20 °C) and 3.26% (130 °C) (Fig. 5C). In
addition, TG-DTA analysis (Fig. S5f) showed that the
exothermic peak of the PDA-LDH thin film occurs at ~327 °C,
higher than that of the pure PDA by ~40 °C, indicating the
thermal stability of PDA is enhanced in the LDH gallery. The
storage stability test (at 20 and 130 °C, respectively) of the

50 60
A a: 20°C B a 20°C
b: 50°C
¢ 80°C
d:110°C
e 130°C

40

heating

20

Intensity / cps
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VWY

Cycle index
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Fig. 5 The in situ fluorescence spectra of the PDA-LDH thin film in
a (A) heating and (B) cooling cycle in the temperature range 20-130 °C;
(C) The fluorescence responses over 10 consecutive cycles.
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PDA-LDH thin film shows that ~93% of its initial fluorescence
intensity remains after one month of measurement (Fig. S67).
Therefore, the PDA-LDH thin film possesses good reversibility
and stability due to the confinement effect of LDH matrix on the
intercalated PDA species, which can serve as a promising
material for future practical applications.

3.4 The mechanism of thermal response reversibility

It was reported that the pristine PDA sample does not show
reversible colorimetric and fluorescent against temperature.'® In
order to give a further insight for the mechanism of reversibility
of the PAD-LDH thin film in this work, the polarized photo-
emission spectra were measured and displayed in Fig. 6. One
common method to evaluate fluorescence polarization is the
measurement of anisotropic value r, which reveals the average
angular displacement depending upon the rate and extent of
rotational diffusion for fluorophore during the lifetime of the
excited state. The rate of rotational diffusion relates to the micro-
environment (solvent viscosity, polarity, temperature etc.), the
structure, shape and orientation of the rotating molecule.?® At
20 °C, the PDA-LDH thin film shows well-defined fluorescence
anisotropy between the parallel and perpendicular to excitation
polarized direction with an r value of 0.31 due to the ordered
arrangement of PDA in the LDH gallery (Fig. 6A). However, the
value of r decreases to 0.20 at 130 °C (Fig. 6B). This indicates
that the ordering degree of PDA decreases at higher temperature,
associated with the increase in molecular mobility. After being
cooled to 20 °C, the fluorescence anisotropy value increases to
0.30 again (Fig. 6C). The reversible change in anisotropy can also
be recycled and the RSD of 10 cycles was 1.34% (20 °C) and
2.56% (130 °C), indicating that the thermal stimulus induces
regular changes in ordering/orientation of PDA. Based on the
fundamental rule of anisotropy and experimental results, it is
proposed that the change in the r of PDA-LDH patterned film is
indicative of the successive change in the orientation (polariza-
tion) of the PDA molecules in the LDH gallery in the tempera-
ture range 20-130 °C. In addition, Fig. S7 shows AFM images
of the PDA-LDH thin film during a complete heating/cooling
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Fig. 6 Photoemission profiles of the PDA-LDH thin film and anisot-
ropy of the sample (scatter diagram): (A) at 20 °C, (B) heating (A) to 130

°C, (C) cooling (B) to 20 °C and (D) the fluorescence anisotropy over 10
cycles. The excitation wavelength is 530 nm.

process. At 20 °C, the PDA-LDH thin film surface was smooth
with a large number of round protuberances and a root-mean
square roughness of 14.9 nm (Fig. S7TAY); while sharp peaks were
observed after heating at 130 °C accompanied with a marked
increase in RMS roughness (22.7 nm) (Fig. S7Bt). After cooling
to 20 °C, a relatively smooth surface was recovered with a RMS
roughness of 15.8 nm (Fig. S7C¥). These temperature-dependent
properties (anisotropic value, surface roughness) can be ascribed
to the changes in the molecular ordering/orientation of PDA in
the LDH gallery.

The conformational change in the ene-yne backbone and
methylene side-chain of PDA from planar to nonplanar is of
major importance, since it leads to the colorimetric and fluo-
rescent transition.?! Fig. 7 displays the in situ Raman spectra in
the temperature range 20-130 °C. For both C=C and C=C
bonds, the Raman absorption positions remain unchanged at
2114 and 1509 cm™', respectively as the temperature increases
from 20 to 130 °C, indicating no change in average conjugation
length of the 7 electrons of PDA.?*> The gradual decrease in
intensity is caused by the increase in intermolecular mobility
(collisions, vibrations and rotations, etc.) for the PDA molecule
(Fig. 7A). During cooling back to 20 °C, the bands of C=C and
C=C recover to their original intensity (Fig. 7B). In contrast, the
physical mixture sample (PDA and LDH) reveals irreversible
Raman shifts from 2116 to 2149 cm™' (C=C) and from 1511 to
1563 cm™! (C=C) as well as a continuous decrease in intensity in
a whole cycle between 20 and 130 °C (Fig. S8t), suggesting
a considerable and irreversible collapse of the PDA conjugation.

To further study the effect of host—guest interaction on the
conformational change in side-chain of PDA, the ATR FT-IR
spectroscopic analyses were executed for the pristine PDA film,
LDH film and PDA-LDH film (Fig. 8A). The pure PDA
film shows methylene stretching band (v,(CH,) = 3016 and
v(CH,) = 2952 cm™') and a carbonyl stretching band
¥(C=0) = 1690 cm");®* the LDH film displays hydroxyl band
(»(OH) = 3390 and 1650 cm™'). In the case of the PDA-LDH
thin film, all these five bands were observed, indicating the
intercalation of PDA into the LDH gallery. In situ ATR FTIR
analyses revealed detailed information for the PDA-LDH film
upon thermal stimulus (Fig. 8B). Both the »,(CH,) and »{(CH,)

A a 20°C \
16000 C=C: 1509 om” b 50°C C=Ci|1508 cm’
A ¢ 80°C i
d: 110°C
12000 4 e: 130°C
oec Cc=C

\ 2114 ¢m’
heating 2114 cm’ !

8000

Raman intensity

4000

e cooling

1200 1500 1800 2100 " 1200 1500 1800 2100
Raman shifts / cm”
Fig. 7 The in situ Raman spectra of the PDA-LDH thin film during
a whole heating/cooling cycle between 20 and 130 °C.
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Fig. 8 (A) ATR FT-IR spectra of pristine PDA film, the LDH film and
the PDA-LDH film; (B) the in situ ATR FT-IR spectra of the
PDA-LDH thin film in a whole heating/cooling cycle.

of the PDA-LDH film shift to higher frequency (from 3016 to
3043 cm ' and from 2952 to 2967 cm ™', respectively) with the
decrease in band intensity as the temperature is raised to 130 °C,
indicating that the transition dipole moment of »(CH,) becomes
unparallel to the conjugate plane of backbone due to re-orien-
tation of the pendant alkyl side chains towards the conjugate
plane. The »(C=O0) and »(O-H) shift to high (from 1690 to
1720 cm™') and low frequency (from 3392 to 3378 cm™')
respectively, and their intensity shows no significant change as
the temperature increases from 20 to 130 °C. This indicates the
formation of strong hydrogen bonds between the PDA (C=0)
and LDH layer (O-H). In the cooling process to room
temperature, converse spectral changes were observed for
»(CH,), »(C=0) and »(O-H). For the comparison sample of
pure PDA film however, the »(C=0) shows an irreversible shift
(from 1690 to 1708 cm™') and continuous intensity decrease in
a whole temperature cycle between 20 and 130 °C (Fig. S97).
Based on the results above, it can be concluded that the hydrogen
bonds between PDA and the LDH matrix plays a key role in the
reversible thermal response of the guest. The transformation of
an organic chromophore from a irreversible to a reversible
thermal response material upon incorporation into a 2D layered
matrix is the most distinct feature in this work.

4. Conclusions

The highly oriented DA-LDH thin film on ITO substrates was
obtained via the EPD method; the patterned PDA-LDH thin
film was subsequently prepared through the photolithography
method by UV irradiation of the DA-LDH thin film with
a photomask. The patterned PDA-LDH thin film showed
significant and reversible thermal colorimetric and fluorescent
performance in the temperature range 20-130 °C. These
temperature-dependent properties (UV absorption, fluorescence
emission, anisotropic value, surface roughness) can be ascribed
to the changes in the molecular ordering/orientation of PDA in
the LDH gallery. In addition, the thin film possesses high
stability and good reversibility owing to the formation of strong
hydrogen bonds between PDA (C=O0O) and the LDH Ilayer
(O-H), which was confirmed by the ATR FT-IR spectra.

Therefore, this work provides a facile and efficient methodology
for the fabrication of patterned films with attractive thermal
colorimetric and fluorescent behavior. Combining the patterning
technique with the thermal responsive photoluminescence nature
of the chromophore-LDH composites can be widely applicable
to the development of intelligent devices and display systems.
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