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ABSTRACT: We prepare hydrogen-bonding complexes of the diacetylene derivatives 10,12-tricosadiynoic
acid, 4,6-heptadecadiynoic acid, and ((E)-4-((4-(tricosa-10,12- diynoyloxy)phenyl)diazenyl)benzoic acid and
poly(4-vinylpyridine) in organic solvents. The complexes are spin-cast and form high-quality thin films,
which can be photopolymerized and yield the blue phase of polydiacetylenes. A cross-linked network of the
hydrogen-bonding complex is formed and shows improved stability to organic solvents. We demonstrate
sensor capabilities for various organic solvents and gases by means of the blue-to-red color changes of
polydiacetylenes. Based on the different solubility of the hydrogen-bonding complex before and after UV
irradiation, photolithography can be employed to fabricate microstructures for polydiacetylene-based
devices.

1. Introduction

Hydrogen bonding is one of the most useful interactions in the
fabrication of functional supramolecular complexes due to its
directionality and moderate strength.1-3 A large variety of
functional materials can be fabricated by hydrogen bonding.4

Furthermore, the stabilities of biomaterials, optoelectronic ma-
terials, and many other materials can be improved by hydrogen
bonding.5

Polydiacetylenes (PDAs) are well-known conjugated poly-
mers, which show intense colors due to their highly delocalized,
one-dimensional π-electron system of their polymer backbone.
Most PDAs appear with an intense blue color related to an
absorption maximum at the wavelength λmax around 640 nm.
Many stimuli cause a color change to a red phase with λmax

around 550 nm, such as temperature,6-9 pH,10 stress,11 ions,12

solvents,7,13 and ligand interactions.14 The intriguing stimuli-
responsive color changes of PDAs have potential applications as
sensors, molecular switches,6-8,12,14,15 andmany others in optoe-
lectronics.16

The applications described above usually require thin films of
PDAswhichmust be stable to several solvents; i.e., the filmsmust
adhere well to the substrate andmust not undergo any changes of
the morphology upon exposure to the solvents. But this is a
frequent problem. 17,18 Two attempts were made to fabricate
PDA films with improved solvent stability. The first is using
molecules containing two diacetylene moieties to fabricate cross-
linked Langmuir-Blodgett films of PDAs.17,19 However, the
Langmuir-Blodgett technique has many problematic limita-
tions.20 Spin-coating of diacetylene monomers, on the other
hand, is not appropriate and does not provide satisfactory results
because their molecular weight is usually small. The second
method is to introduce diacetylene monomers into the network

of silica by the sol-gel method.7,18,21 Although this provides
good films, the gel is already insoluble before the diacetylenes are
polymerized. Therefore, it is not possible to fabricate microstruc-
tures by photolithography because thiswould need to dissolve the
unpolymerized part of the film by solvents. Therefore, it is highly
desirable to find an alternate method to fabricate solvent stable
PDA films by spin-coating, which are suitable for photolitho-
graphy.

The aim of our work is to demonstrate a new strategy to
fabricate thin films of diacetylenes by spin-coating. They are
photopolymerized subsequently, become insoluble in common
solvents, and can be used to fabricate microstructures by photo-
lithography. Our stabilization concept is based on hydrogen
bonding between diacetylene monomers which contain a car-
boxylic group (DA, hydrogen donor) and poly(4-vinylpyridine)
(P4VP, hydrogen-bonding acceptor). We prepare thin films by
spin-coating of the hydrogen-bonding complex P4VP-DA.
Because of the large molecular weight of P4VP, the film-forming
property of the complex is very good. Homogeneous and highly
transparent films can be obtained this way. Thin films of this
hydrogen-bonding complex show different solubility of the un-
polymerized and polymerized parts. Consequently, photolitho-
graphy can be used to fabricate patterns, which enable PDA-
based devices with improved stability. The stable hydrogen-
bonding complex will also be used as sensor for organic solvents
and gases.

2. Experimental Section

2.1. Materials. 10,12-Tricosadiynoic acid (TDA), 4,6-hepta-
decadiynoic acid (HDA), poly(4-vinylpyridine) (P4VP, Mw =
60 000), and poly(styrene) (PS, Mw = 71 000) are
all commercially available. ((E)-4-((4-(Tricosa-10,12-diynoy-
loxy)phenyl)diazenyl)benzoic acid (AzoDA) is synthesized
according to our previous work.22 The chemical structures
of the materials are shown in Scheme 1. It is well-known that
hydrogen bonds will form between the acids (hydrogen-bonding
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donors) and the nitrogen atoms of P4VP,which act as hydrogen-
bonding acceptors. PS is used for control experiments because
it cannot form hydrogen bonds with the acids HDA, TDA,
and AzoDA.

2.2. Preparation of the Thin Films.The diacetylene-containing
acids (HDA or TDA) and P4VP are dissolved in ethanol using
always the same molar ratio 1:1 between the carboxyl and the
pyridine groups. DMF is used analogously to dissolve AzoDA
andP4VP. The solutions are sonicated for 5min and then stirred
for several hours before use. Thin films of the hydrogen-bonding
complex are prepared by spin-coating this solution on freshly
cleaned glass substrates. The film thickness d can be controlled
by appropriate choice of spinning speed ω and concentration C
of the solution using the empirical equation for the thickness of
two films23

d2 ¼ d1ðω2=ω1ÞRðC2=C1Þβ ð1Þ
with exponents R and β to be determined experimentally for the
individual materials. After spin-coating, the films are dried in an
oven under vacuum at room temperature for about 4 h. Subse-
quently, the film thickness is measured with a step-profiler
(Tencor Instruments model P-10). Here, we present the details
of film fabrication of P4VP-TDA as an example. We prepare
two solutions. Solution 1: 9 mg of P4VP and 30 mg of TDA
are dissolved in 2 mL of ethanol. Solution 2: 15 mg of P4VP
and 50 mg of TDA are dissolved in 2 mL of ethanol. These
solutions are spin-cast at different spinning speeds. For solution
1, ω = 1000 and 3000 rpm result in films with average thick-
ness of 156.8 and 100.2 nm, respectively. For solution 2 and
ω = 3000 rpm, we get a film thickness of 203.2 nm. This yields
exponents R = -0.41 and β = 1.38. By rearranging eq 1,
we determine the appropriate spinning speeds for films with
defined thicknesses for photolithography (typical d = 50 nm)
and for small-angle X-ray diffraction measurements (typical
d = 180 nm).

The polymerization of P4VP-TDA is carried out at room
temperature by irradiating the films with an ordinary UV
hand lamp at 254 nm.

2.3. Measurements. 1H NMR spectra are measured on a
Bruker 250 MHz NMR spectrometer at room temperature.
In the 1H NMR spectra measurements, P4VP, TDA, and
hydrogen-bonding complex P4VP-TDA with molar ratio
1:1 are all dissolved in DMSO-d6. The solutions of TDA in
DMSO-d6 and P4VP-TDA in DMSO-d6 are prepared with
the same concentration of TDA of 20 mg/mL. UV-vis
absorption spectra aremeasured on a Perkin-Elmer Lambda
900UV-vis spectrometer. Images of the opticalmicroscopy,
polarized optical microscopy, and fluorescent microscopy
are all recorded on a Zeiss Axiophot microscope. Small-
angle X-ray diffraction (SAXD) patterns are measured
on a Phillips goniometer PW 1820 system with Cu KR
line (λ = 0.154 18 nm). Raman spectra are measured with
a LABRAM-HR confocalmicro-Raman spectrometer using
a semiconductor laser at 785 nm. Infrared spectra are
obtained using a Nicolet 730 FT-IR spectrometer using
ATR mode.

3. Results and Discussion

3.1. Structure and Stability of the Hydrogen-Bonding Com-
plex. It is well-known that carboxylic groups and pyridine
groups have a tendency to self-assemble and form hydrogen
bonds.24-26 The formation of hydrogen bonds between
carboxylic groups and pyridine groups in P4VP-TDA is
proved by 1H NMR spectra. The 1H NMR spectra of TDA,
P4VP, and P4VP-TDA are shown in Figure 1. Proton “a” is
the proton on the carboxylic group of TDA. The signal of
proton “a” is at around 12 ppm.Without P4VP, the signal of
proton “a” is a sharp peak. After P4VP and TDA are mixed
in the molar ratio 1:1, the peak of proton “a” shifts down-
field, and the peak broadens significantly. The shift and
broadening indicate formation of hydrogen bonding.27 Pro-
ton “b” is the proton which is nearest to the place where
hydrogen bonding forms. The signal of proton “b” in
P4VP-TDA undergoes obvious broadening compared with
that of pure TDA,which is also an indication of formation of
hydrogen bonding.28 Lu et al. also reported similar broad-
ening effect in 1H NMR spectra when they studied the self-
assembly property of a small guest molecule with a polymer
host.29

The FT-IR spectra of thin films of P4VP-TDA, TDA,
and P4VP were measured using ATR mode. The IR spectra
of TDA and P4VP-TDA show a strong band at 1691 cm-1

which corresponds to the carboxylic acid (see Supporting
Information). We do not see any indication of carboxylate
bands in the IR spectrum as observed in earlier work.30

Therefore, we can rule out the possibility of a complex
between a carboxylate ion with the proton going to the
pyridine, as would be expected in case of a polyion-surfac-
tant complex.

On the basis of the results of NMR and IR spectroscopy,
we conclude that the P4VP-TDA complex is caused by
hydrogen bonding. Scheme 2 shows a model of the P4VP-
TDA hydrogen-bonding complex. We assume that TDA
self-assembles and forms microcrystalline domains in the
hydrogen-bonding complex.

The polymerization of TDA in films of the hydrogen-
bonding complex is performed by UV irradiation at 254 nm,
which causes the characteristic absorption peak of the blue
phase PDA at around 640 nm as shown in Figure 2. The

Scheme 1. Chemical Structures and Names of the Used Materials

Figure 1. 1HNMR spectra of P4VP, TDA, and the hydrogen-bonding
complex of P4VP-TDA. Insets show the chemical structure, enlarge-
ment of signals of the proton on carboxylic group of TDA (proton “a”),
and the proton nearest to the carboxylic group of TDA (proton “b”).
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mechanism of photopolymerization of diacetylene is a topo-
chemical reaction. 31,32 The polymerization happens in
close-packed structures, such as crystals,31,32 monolayers,33

Langmuir-Blodgett films,30,34 liposomes,35 micelles, or ve-
sicles.35 Obviously, the microenvironment of the hydrogen-
bonding complex is suitable for the topochemical reaction,
which is proved by the characteristic absorption band of
PDA. Further evidence for the polymerization is obtained by
Raman spectroscopy of thin films of P4VP-TDA, which
shows the characteristic bands at 1451 and 2084 cm-1 after
UV irradiation, corresponding to the CdC and CtC
stretching vibrations of the PDA backbone, respectively.
As the samples become insoluble after the UV irradiation,
standardmethods ofmolecularweight determination such as
GPC are not appropriate to analyze the molecular weight
and degree of polymerization. As we see a well-resolved
vibronic structure in the absorption spectra and do not
recognize any indication for oligomers at shorter wave-
lengths as reported in earlier work,32 we can conclude only
that we observe PDA chains longer than typical oligomers.

The textures of thin films with a typical thickness of about
180 nm are studied by polarized optical microscopy (POM)
and shown in Figure 3. The POM image of P4VP is dark,
which indicates that P4VP does not form crystalline struc-
tures. Films of polyTDA alone show spherulite-like crystals
whose sizes are from <100 μm to several hundred micro-
meters. The hydrogen-bonding complex P4VP-polyTDA
forms very tiny crystals which have typical sizes of several
micrometers or less. The texture of P4VP-polyTDA is
different than the textures of both constituents alone. This
observation is in line with earlier reports that the film
morphologies of hydrogen-bonding complexes are quite
different to those of the hydrogen-bonding acceptors or
donors alone.26,36

To have a better understanding of the crystalline struc-
tures shown in Figure 3, the small-angle X-ray diffraction

(SAXD) patterns are measured with the same films already
used for POM measurements. Figure 4 shows the SAXD
patterns of P4VP, polyTDA, and P4VP-polyTDA. There is
no diffraction peak in the P4VP film. The SAXD result and
the dark POM image of P4VP indicate that
P4VP is amorphous in the film. It is known that PDAs
can easily form bilayer structures.30,31,35,37,38 There are
several strong Bragg peaks in the diffraction pattern
of polyTDA. We observe a lamellar thickness of polyTDA
film of 4.18 ( 0.02 nm, which is calculated by Bragg’s law
taking the average of the diffraction peaks displayed in
Figure 4.

The length of the fully extended side chain of polyTDA is
about 2.7 nm, which is calculated by the optimized MM2
model using ChemBioOffice 2008. Obviously, the lamellar
thickness of polyTDA is smaller than the bilayer thickness of
polyTDA calculated for the case of perpendicular alkyl
chains which are fully extended. So, the side chains of
polyTDA must be in a bent conformation or, more likely,
in their extended conformation with the side chain axes titled
with respect to the layer planes.38 There are also several
Bragg peaks in the diffraction pattern of the P4VP-poly-
TDA film. Compared with the diffraction pattern of poly-
TDA, there are two major differences.

The first difference is that the Bragg peaks in P4VP-
polyTDA are shifted to lower angles. We derive a lamellar
thickness of P4VP-polyTDA of 4.28 ( 0.03 nm, which is
bigger than that of polyTDA. There could be several reasons
for the enlargement of the lamellar thickness. P4VP may get
partly inserted between the layers of polyTDA when they
form hydrogen bonds. Another possible reason is that
hydrogen bonding is a force which pulls the side chain of
polyTDA to a more extended conformation. The third
possible reason is that hydrogen bonding changes the tilt
angle of the side chains of polyTDAwith respect to the layer
planes. Although the detailed mechanism of the lamellar

Scheme 2. SchematicModel of theHydrogen-Bonding Complex P4VP-TDA and theNetwork Formation after Photopolymerization in theHydrogen-
Bonding Complex P4VP-PolyTDA
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thickness increase is not clarified yet, the appearance of the
hydrogen bonding plays an important role.

The second difference in the diffraction patterns is that the
intensity of the diffraction of P4VP-polyTDA is less than
1/10 of the intensity of polyTDA. The thickness of both
polyTDA and P4VP-polyTDA films is about 180 nm, and
the concentration of polyTDA in P4VP-polyTDA is about
77 wt %. So, we do not think the film thickness and the
concentration of polyTDA are the main reasons for the
different diffraction intensity. As shown in Figure 3, poly-
TDA forms much larger crystalline domains compared with
P4VP-polyTDA. The result indicates the degree of crystal-
lization in polyTDA is higher. The much weaker diffraction
intensity in P4VP-polyTDA is probably caused by the lower
degree of crystallization.

Scheme 2 shows a schematic model of the hydrogen-
bonding complex. The hydrogen-bonding complex forms a
cross-linked network after photopolymerization. Therefore,

P4VP-polyTDA is expected to have improved stability.
Figure 5a shows photos of the blue films of P4VP-polyTDA
(left) and polyTDA (right). After exposure to ethanol, both
films turn red, which is thewell-known solvent-induced color
change of PDAs.7,13,18 Figure 5b shows photos of P4VP-
polyTDA film (left) and polyTDA film (right) after exposure
to ethanol for 1min. P4VP-polyTDA film shows stability to
ethanol, but ethanol partly destroys the polyTDA film if it is
not stabilized by P4VP. Other research groups also reported
that PDA films without any stabilization mechanism were
destroyed by solvents,17,18 which is similar to our observa-
tions. After exposure to ethanol for 40 min, the P4VP-
polyTDA film is still stable whereas the polyTDA film is
totally destroyed by ethanol (see Figure 5c). These photos
clearly demonstrate that hydrogen bonding improves the
stability of polyTDA to the organic solvent considerably.

As a control experiment, we used PS instead of P4VP
because PS cannot form a hydrogen-bonding complex with
TDA. The common solvent of PS and TDA is cyclopenta-
none. The details of our results are shown in the Supporting
Information. After exposure to cyclopentanone for only
1 min, the PS-polyTDA film is partly destroyed. The
absorption of PS in the film PS-polyTDA is also reduced
remarkably after washing by cyclopentanone for several
minutes. The control experiment confirms that polyTDA is
not stable to the solvent without hydrogen bonding.

We conclude that the improved stability of P4VP-poly-
TDA is caused by two contributions.

1. The hydrogen bonds act as cross-linking points between
P4VP and polyTDA, as shown in Scheme 2. The chain
segments of polyTDA are attached to P4VP by hydrogen
bonding and form a cross-linked network in P4VP-poly-
TDAwhich improves the stability of the complex. Therefore,

Figure 2. UV-vis absorption spectra of a P4VP-TDA film recorded
after various irradiation times of UV light at 254 nm.

Figure 3. Polarized optical microscopy (POM) images of spin-coating films of (a) P4VP, (b) polyTDA, (c) P4VP-polyTDA, and (d) enlargement of
the image of P4VP-polyTDA.
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it is not possible anymore to dissolve P4VP-polyTDA in
ethanol.

2. Apparently, polyTDA has a higher degree of crystal-
lization compared to P4VP-polyTDA, as suggested by its
larger crystalline domains and much stronger X-ray diffrac-
tion intensity. It was argued that this might result in the
formation of sharp domain boundaries and packing defects,
leading to a low stability of the film on the substrate.17 In
P4VP-polyTDA, the case is different as polyTDA has a
rigid conjugated polymer chain and P4VP has much more
flexible polymer chain. Natural materials such as bone and
shell and other man-made materials that combine hard and
soft materials can result in composite materials with en-
hanced mechanical and thermal properties.7,39 According to
the two kinds of chain structures of P4VP and polyTDA and
the morphology shown in Figure 3c,d, the P4VP-polyTDA
system appears just like combining hard and soft materials.
This way, an improved stability of this system can result.

3.2. Sensing Properties of the Hydrogen-Bonding Complex.
The stability to the solvent and solvent-induced color change
property of the hydrogen-bonding complex provide the
possibility that the complex can be used as a sensor for
solvents.We use the other two hydrogen-bonding complexes
P4VP-polyHDA and P4VP-polyAzoDA for comparison.
Films of P4VP-polyTDA, P4VP-polyHDA, and P4VP-
polyAzoDA are exposed to different solvents. Some films
show color changes which are related to the well-known
blue-to-red color changes of PDAs.7,13,18 The photo is shown
in Figure 6a, and the corresponding UV-vis absorption
spectra are displayed in Figure 6b-d. The P4VP-polyHDA
films turn red after exposure to the solvents, which show
typical red phase PDA absorption bands at 400-600 nm.
The P4VP-polyTDA films turn red after exposure to ethyl
acetate, ethanol, and THF. The P4VP-polyTDA film turns
purple but not red after exposure to hexane, which shows
both red and blue phases of the PDA absorption bands. The
P4VP-polyAzoDA films keep blue after exposure to the

organic solvents shown in Figure 6 and many other solvents,
such as DMF and acetone. As we know, the aggregation of
the azo chromophores improves the stability of the conju-
gated backbone of polyAzoDA.22 The property of P4VP-
polyAzoDA films presented here is unique and different
from the other PDAs.7,13,18 The unique stability of P4VP-
polyAzoDA may lead to applications in optoelectronic
devices.

When used in combination, these systems allow for visual
differentiation of organic solvents by simply monitoring the
color changes. The organic solvent-induced color changes in
the hydrogen-bonding complexes are irreversible and stay
nearly unchanged for at least aweek. The vivid color changes
to organic solvents, which can be observed by the naked eye,
are one of the major advantages of PDA-based sensor
systems. The number of distinguishable organic solvents
should increase when a combination of structurally diverse
diacetylene derivatives are used. As a kind of self-assembled
donor-acceptor system, our system is easily tunable by
varying the diacetylene derivatives.

The hydrogen-bonding complex P4VP-polyTDA also
has other stimuli-responsive properties. For example,
P4VP-polyTDA shows a color change after exposure to
special gases. Figure 7 presents the UV-vis spectra of
P4VP-polyTDA films after exposure to different gases for
15min. The color of the film exposed by ammonia changes to
red, which is related the absorption band of the typical red
phase PDA. The films exposed to the other gases keep blue.
This result indicates that P4VP-diacetylene complexes also
have gas sensing properties.

3.3. Fabrication of Microstructures of the Hydrogen-Bond-
ing Complex. Different solubilities of materials before and
after polymerization are a general prerequisite for photo-
lithography. Therefore, we perform the following experi-
ments to demonstrate the different solubilities of P4VP-
TDA and P4VP-polyTDA. Thin films of the hydrogen-
bonding complex before and after polymerization are ex-
posed to ethanol, the common solvent of P4VP and TDA.
The UV-vis absorption spectra of the thin films before and
after exposure to ethanol for certain times are shown in
Figure 8. Figure 8a shows the absorption spectra of the
complex before polymerization. The absorption band of
pyridine groups in P4VP is seen in the UV range. After
exposure to ethanol, the absorption band in Figure 8a
gradually decreases, which indicates that the unpolymerized
complex is dissolved in ethanol. On the other hand,
the polymerized complex cannot be dissolved anymore in
ethanol as is shown in Figure 8b. After exposure to ethanol,
the color of P4VP-polyTDA immediately changes to red.
This is the well-known solvent-induced color change of
PDAs.7,13,18 The absorption band in the UV range does
not show any decrease after exposure in ethanol for
10 min, which indicates that P4VP in P4VP-polyTDA
cannot be dissolved in ethanol. As we know, pure P4VP

Figure 5. Photographs of (a) films of P4VP-polyTDA (left) and polyTDA (right), (b) films of P4VP-polyTDA (left) and polyTDA (right) after
exposure in ethanol for 1 min, and (c) films of P4VP-polyTDA (left) and polyTDA (right) after exposure in ethanol for 40 min.

Figure 4. Small-angle X-ray diffraction (SAXD) patterns of thin films
of P4VP, polyTDA, and P4VP-polyTDA. The inset is an enlarge-
ment of the SAXD patterns of 2θ between 6� and 12�. The intensity of
P4VP-polyTDA is multiplied for 10 times.
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has good solubility in ethanol. The insolubility of P4VP in
the hydrogen-bonding complex P4VP-polyTDA shows
again that the cross-linked hydrogen-bonding complex im-
proves the stability of P4VP to the solvent. The absorption
band at 400-600 nm is attributed to the red phase of PDA.
The absorption band of the red phase of PDA also does not
change after various exposure times in ethanol from 1 to
10 min. This again shows that P4VP-polyTDA is quite
stable to ethanol.

The different solubility of the hydrogen-bonding complex
before and after polymerization ensures that PDA-based
microstructures and devices can be fabricated by photolitho-
graphy. Here, we generate a typical microscopic pattern of
P4VP-polyTDA by photolithography as an example. The
fabrication of the pattern is explained in Figure 9. In the first
step, P4VP-TDA film is irradiated by UV light at 254 nm
and the exposed area is polymerized. As shown in Figure 9a,
this process results in a pattern of blue areas. Since PDA in
the blue phase is nonfluorescent,6 no patterned fluorescent
images can be observed (see Figure 9b). In the second step,
the film is exposed to ethanol and then dried with nitrogen.
The unpolymerized part is washed away whereas the poly-
merized part cannot be washed away and changes its color to
red which shows fluorescence (see Figure 9c,d). This kind of
microstructuremay have applications in selective adsorption
of other species40 and in optoelectronic devices.41

The well-known thermochromism of PDAs is also ob-
served in the hydrogen-bonding complex. The blue phase
PDA in P4VP-polyTDA changes to the red phase of PDA
after heating to 100 �C. The color does not change back to
blue after cooling to room temperature. Therefore, this
irreversible thermochromism in the hydrogen-bonding com-
plex can be used to fabricate patterns with different PDA
phases. The fabrication process is shown in Figure 10. In the
first step, the film is irradiated with a photomask. The
photopolymerization of the irradiated part takes place. In
the second step, the film is heated to 100 �C. The color of the
polymerized part changes to red. In the third step, the film is

Figure 6. (a) Photographs of hydrogen-bonding complexes of P4VP-polyHDA, P4VP-polyTDA, and P4VP-polyAzoDA before and after
exposure to different organic solvents. The films at left are unexposed ones and the ones to the right side are after exposure to n-hexane, ethyl
acetate (EA), ethanol, and THF. UV-vis absorption spectra of (b) P4VP-polyHDA films, (c) P4VP-polyTDA films, and (d) P4VP-polyAzoDA
films before and after exposure to different organic solvents.

Figure 7. UV-vis absorption spectra of P4VP-polyTDA films after
exposure to different gases for 15 min.

Figure 8. UV-vis absorption spectra of (a) P4VP-TDA film and (b)
P4VP-polyTDA film recorded after various exposed time to ethanol.
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cooled to room temperature, and the unpolymerized part is
polymerized to form a blue phase PDAuponUV irradiation.
As shown in Figure 10, a kind of pattern with both red phase
and blue phase PDA can be fabricated after the treat-
ment above. This process could enable to fabricate a phase
grating in thin films of the hydrogen-bonding complex
by using either an appropriate photomask or the interference
of light.

4. Conclusion

In summary, we demonstrate stability improvements of thin
films of polydiacetylenes by means of hydrogen bonding with
P4VP. We show that the stable hydrogen-bonding complex can
be used in photolithography and as a sensor to discriminate
between various liquids and gases due to the stimuli-induced

color changes of PDAs. The hydrogen-bonding complex is easy
to prepare from common commercial components by processing
from an environmentally friendly alcohol solution using spin-
coating. The hydrogen bonds are formed by attaching different
diacetylene acids to P4VP, thus allowing for tuning the kind of
diacetylene derivatives easily. The solvent stability of the hydro-
gen-bonding complex not only provides platforms for fabrication
of microstructures by photolithography but also provides the
possibility of preparing a second functional layer on top of the
hydrogen-bonding complex by spin-coating from organic sol-
vents.
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