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ABSTRACT: 1-(Phenyl)-3-(2-acryloyloxyethyl)-3-methyl triazene-1 (M1) and 1-(p-nitro-
phenyl)-3-(2-acryloyloxyethyl)-3-methyl triazene-1 (M2) were synthesized to study the
substituent effect of the triazene unit on the copolymerization with methyl methacry-
late (MMA). From the 1H NMR spectra of the resulting copolymers, their composi-
tions were determined to be 1:3.18 M1/MMA and 1:2.45 M2/MMA, respectively. The
polymers were examined with respect to their structure, thermal properties, and sur-
face morphology. The influence of the triazene structure on the photosensitive proper-
ties of the copolymers exposed to ultraviolet/laser irradiation was also investigated
and compared with that of the parent derivatives. The copolymer containing the phe-
nyl triazene chromophore as the photochemically most active group exhibited a low
threshold of ablation and a high etching rate for fluences under 400 mJ cm�2. Scan-
ning electron microscopy images confirm the formation of ablated craters more clearly
in the copolymer made with M1, for which the thermal effects of the ablation mecha-
nism were visible only with 2500� magnification. VVC 2006 Wiley Periodicals, Inc. J Polym
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INTRODUCTION

Polymers containing photosensitive moieties have
attracted great interest because of their potential
use in various applications, the foremost of these
including devices for optical data storage,1 photo-
resists,2 and photolithographic assemblies.3 More-
over, the design and synthesis of polymers highly
sensitive to light processing continue to be the
most attractive targets because various material
properties can be improved by the incorporation of

appropriate chemical structures into a polymer
backbone. An interesting topic in this field is the
fabrication of artificial surface relief structures in
films based on triazene polymers upon their expo-
sure to ultraviolet (UV)/laser irradiation, which
are particularly exploitable as dry etching resists
in microlithography.4–7 These materials are usu-
ally characterized by the presence of triazene
chromophores able to undergo facile photochemi-
cal cleavage with the release of molecular nitro-
gen during the laser–solid interaction.8–10

In the context of the notable progress made in
understanding polymer ablation11 with direct
consequences for the structuring of surfaces, the
triazene polymers are considered materials of
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great promise for excimer laser ablation lithogra-
phy12 as a complementary technique to conven-
tional photolithography. Viewed from this per-
spective, some polymers with triazene functions
(Ph��N¼¼N��N��), such as polyesters, polyethers,
poly(methyl methacrylate)s (PMMAs), polysul-
fones, and polytriazenes, have been tested with
UV/laser ablation.13–17 Comparisons of their
microstructural characteristics with those of com-
mercial polymers (i.e., polyimide and PMMA)
have been made. Above all, it has already been
argued that the triazene polymers reveal superior
ablation properties for irradiation wavelengths at
about 308 nm.18 For this reason, the investigation
of such designed photopolymers represents a tar-
get opportunity to develop and characterize novel
systems into interdisciplinary research.

Our group has also been active in this area,
studying triazene polyurethanes based on new
monomers19–22 by changing the substituent at-
tached to the triazene group and the concentra-
tion and position of the chromophores inserted
into the polymer backbone with a significant
effect on the polymer properties. In this article,
we describe the synthesis of triazene acrylate and
the corresponding copolymers with methyl meth-
acrylate (MMA). After confirming the structures
of the resultant copolymers, we investigate prop-
erties such as the thermal stability and surface
morphology of films cast from solutions together
with the photochemical response under UV/laser
irradiation. We now report the results of the first
study of triazene polyacrylates as a continuation
of our effort to develop novel photoionomers bear-
ing stilbene,23,24 pyrene,25 anil,26 and azobenzene
chromophores,27–30 whose thin films have excel-
lent fluorescent, photochromic, or photodegrad-
able properties.

EXPERIMENTAL

Monomer Synthesis

A stirred solution of aniline (10 g, 0.107 mol) in
HCl 12% (70 mL) was cooled to 0 8C and diazo-
tized with an aqueous solution of sodium nitrite
(7.4 g, 0.107 mol). The reaction mixture was
added dropwise to a solution of 8 g of N-methyl
ethanol amine (0.107 mol) and 28.4 g (0.268 mol)
of sodium carbonate in 50 mL of water at 0 8C over
1 h. Then, 5 g of sodium chloride was added, and
the resulting mixture was extracted twice with
Et2O. The organic layer was dried (Na2SO4) and

concentrated under reduced pressure, resulting
in 1-(phenyl)-3-(2-hydroxyethyl)-3-methyl triazene-
1 (P1) as a brown, viscous oil.

Yield: 12.53 g (70%). ELEM. ANAL. Calcd. for
C9H13N3O: C, 60.33%; H, 7.26%; N, 23.46%.
Found: C, 60.30%; H, 7.24%; N, 23.44%. 1H NMR
[dimethyl sulfoxide-d6 (DMSO-d6), d, ppm]: 7.43
(d, 2H, ortho aromatic protons to triazene), 7.35
(t, 2H, meta aromatic protons to triazene), 7.17 (t,
1H, para aromatic proton to triazene), 3.81 (s, 4H,
CH2CH2OH), 3.28 (s, 3H, CH3��N��N¼¼N). IR
(KBr, cm�1): 3350 (OH), 2920 (CH), 1595 (aro-
matic CH), 1350 (N¼¼N��N), 750, 690 (monosub-
stituted aromatic ring).

1-(Phenyl)-3-(2-acryloyloxyethyl)-3-methyl tri-
azene-1 (M1) was synthesized through the reac-
tion of 0.05 mol (9.5 g) of the triazene precursor
(P1) with 0.05 mol (4.8 mL) of acryloyl chloride in
methylene chloride and in the presence of triethyl
amine (7 mL, 0.05 mol) at 0–5 8C. The reaction
mixture, maintained at room temperature with
stirring for 3 days, was filtered, extracted, and
washed several times with water and was then
dried over Na2SO4. The triazene acrylic monomer
(M1) was collected after the removal of the sol-
vent.

Yield (C12H15N3O2): 7.4 g (82%). 1H NMR
(DMSO-d6, d, ppm): 7.45 (d, 2H, ortho aromatic
protons to triazene), 7.33 (t, 2H, meta aromatic
protons to triazene), 7.14 (t, 1H, para aromatic pro-
tons to triazene), 6.38 (d, 1H, trans olefinic proton
CH2), 6.09 (m, 1H, olefinic proton CH), 5.78 (d, 1H,
cis olefinic proton CH2), 4.38 (t, 2H, CH2CH2OCO),
3.98 (t, 2H, CH2CH2OCO), 3.25 (s, 3H, CH3��N
��N¼¼N). IR (KBr cm�1), 1720 (CO), 1630 (CH
¼¼CH), 1350 (N¼¼N��N), 690, 760 cm�1 (monosub-
stituted aromatic ring).

Similarly, with para-nitroaniline under the
aforementioned conditions, the 1-(para-nitrophenyl)-
3-(2-hydroxyethyl)-3-methyl triazene-1 (P2) pre-
cursor (yellow crystals) was prepared to obtain
1-(p-nitrophenyl)-3-(2 acryloyloxyethyl)-3-methyl
triazene-1 (M2) as brown crystals.

P2

Yield (C9H12N4O3): 18.06 g (75%). ELEM. ANAL.
Calcd.: C, 48.21%; H, 5.35%; N, 25.0%. Found: C,
48.19%; H, 5.33%; N, 24.95%. 1H NMR (DMSO-
d6, d, ppm): 8.11 (d, 2H, meta aromatic protons to
triazene), 7.42 (d, 2H, ortho aromatic protons to
triazene), 3.94 (s, 4H, CH2CH2OH), 3.64 (s, 1H,
OH), 3.3 (s, 3H, CH3��N��N¼¼N). IR (KBr, cm�1):
3500 (OH), 2950 (CH2), 1595 (aromatic ring),
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1510 (NO2), 1350 (N¼¼N��N), 860 (disubstituted
aromatic ring).

M2

Yield (C12H14N44O4): 11.8 g (85%). 1H NMR
(DMSO-d6, d, ppm): 8.16 (d, 2H, meta protons to
triazene), 7.46 (d, 2H, ortho aromatic protons to
triazene), 6.4 (d, 1H, trans olefinic proton CH2),
6.1 (m, 1H, olefinic proton CH), 5.83 (d, 1H, cis
olefinic proton CH2) 4.45 (t, 2H, CH2CH2OCO),
4.12 (t, 2H, CH2CH2OCO), 3.30 (s, 3H,
CH3��N��N¼¼N). IR (KBr, cm�1): 1720 (CO), 1625
(CH¼¼CH), 1590 (aromatic ring), 1505 (NO2),
1325 (N¼¼N��N), 850 (disubstituted aromatic
ring).

Polymer Synthesis

The preparation of copolymers of M1 or M2 with
MMA was performed by free-radical polymeriza-
tion with a starting comonomer ratio of 1:2.33 in a
solution of dioxane (30 wt %) in sealed glass
ampules at 60 8C for 3 days in the presence of 2.20-
azobisizobutyronitrile (AIBN; 0.2%) as the initia-
tor. The resulting copolymers were precipitated in
methanol and dried for 48 h under reduced pres-
sure.

1-(Phenyl)-3-(2 acryloyloxyethyl)-3-methyl
triazene-1-co-methyl methacrylate (T-PAc1)

1H NMR (DMSO-d6, d, ppm): 7.1–7.4 (aromatic
protons from M1), 3.69–4.3 (CH2��CH2 from M1),
3.58 (��COOCH3 from MMA), 3.29–3.37
(N��CH3), 1.5–2.2, (CH��COOCH3), 0.8–1.5 (CH2

fromM1; CH2 and CH3 fromMMA).

1-(p-Nitrophenyl)-3-(2 acryloyloxyethyl)-3-methyl
triazene-1-co-methyl methacrylate (T-PAc2)

1H NMR (DMSO-d6, d, ppm): 8.13, 7.45 (aromatic
protons from M2), 3.9–4.42 (CH2��CH2 from M2),
3.55 (COOCH3 from M2), 3.2–3.33 (N��CH3), 1.4–
2.1 (CH��COOCH3 from MMA), 0.7–1.3 (CH2

fromM2; CH2 and CH3 fromMMA).

Measurements

The IR spectra were recorded on a Specord M80
spectrophotometer. The 1H NMR spectra were
recorded on a Bruker 400-MHz spectrophotome-
ter with tetramethylsilane as an internal stan-
dard. The UV absorption spectra were measured

with a Specord M42 spectrophotometer in solu-
tions and thin films. The molecular weight distri-
butions of the copolymers were determined with a
PLEMD 950 apparatus equipped with two PLgel
mixed columns. Thermogravimetric analyses
(TGAs) were conducted in air on a MOM (Buda-
pest) derivatograph at a heating rate of 12 8C
min�1. For UV spectroscopy investigations, the
samples were exposed to UV irradiation with a
high-pressure mercury lamp. A Digital Instru-
ment model DI 5000 atomic force microscope was
used to probe the surface morphology. The film
thickness of the films was determined with an
interferential microscope (Linnik). The laser abla-
tion rate and the ablation threshold fluence (Fth)
were obtained by the irradiation of solvent-cast
polymer films with a XeCl laser (wavelength
¼ 308 nm, pulse length (s) ¼ 30 ns; Compex 205,
Lambda Physic). The resulting ablation craters in
the polymer were measured with a Sloan Dektak
8000 profilometer (Veeco) and were plotted against
the pulse number for each irradiation fluence (F).
The slopes of these individual curves corresponded
to the ablation rates for the corresponding fluence.
The ablation rates were then plotted versus the
fluence and fitted according to eq 1:31

dðFÞ ¼ 1

aeff
ln

F

Fth

� �
ð1Þ

where d(F) represents the ablation rate per pulse
and aeff is the effective absorption coefficient. Fth

is defined as the minimum fluence at which the
onset of ablation can be observed. For scanning
electron microscopy (SEM) images, an ABT-60
scanning electron microscope (Topcon) was used.

RESULTS AND DISCUSSION

Characterization of the Triazene Acrylates
and Copolymers

Two new acrylic monomers with phenyl triazene
(M1) and para-nitrophenyl triazene units (M2)
were synthesized through the esterification of P1
or P2 with acryloyl chloride, which was previously
obtained by a coupling reaction of diazotized
(para-NO2)aniline with N-methyl ethanol amine
in a basic medium, as shown in Scheme 1. The
chemical structures of the triazene monomers
(M1 and M2) and the parent precursors (P1
and P2) were confirmed with elemental analysis,
IR/UV, and 1H NMR spectroscopy data. The deter-

PHOTOSENSITIVE TRIAZENE POLYACRYLATES 5273

Journal of Polymer Science: Part A: Polymer Chemistry
DOI 10.1002/pola



mined values of elemental analysis given in the
Experimental section are very close to the theo-
retical ones. For exemplification, the 1H NMR
spectrum of M2 is shown in Figure 1, and it is in
good agreement with the expected structure. In
comparison with P2 (not shown here), for which
the resonance of protons attributed to CH2��CH2

appears as singlet proton peak at 3.94 ppm, in M2
two triplets at 4.45 ppm (CH2OCO) and at 4.12
ppm (CH2��N��N¼¼N��) can be observed as
result of the esterification reaction.

The protons in the meta position (2H) adjacent
to the triazene moiety can be seen at 8.17 ppm,
whereas those in the ortho position are present at
7.48 ppm. The doublet peak due to the olefinic
proton (CH) appears at 6.14 ppm, and the peaks
assigned to CH2 protons in a cis (multiplet) or
trans (doublet) configuration have been identified
at 5.81 and 6.48 ppm, respectively. Another peak
at 3.32 ppm belongs to the protons from CH3

linked to triazene. Monomer M1 has an NMR
spectrum analogous to that of M2, with a differ-

Scheme 1. Synthesis of triazene acrylate monomers (M1 and M2).

Figure 1. 1H NMR spectrum of M2.
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ence in the aromatic zone, in which three signals
of the aromatic protons appear at 7.46 (2H, d,
ortho to triazene), 7.34 (2H, t, meta to triazene),
and 7.15 ppm (1H, t, para to triazene). Also, the
presence of aliphatic protons at a higher field at
about 0.1 ppm has been evidenced. As shown in
Scheme 2, the corresponding copolymers of M1

and M2 with MMA were prepared by free-radical
polymerization with AIBN as the initiator (T-
PAc1 and T-PAc2). Both polymers are readily solu-
ble at room temperature in common organic sol-
vents such as chloroform, dichloromethane, tetra-
hydrofuran, and dimethylformamide (DMF), and
their solutions can be formed via casting onto var-
ious good-quality substrate films. The weight-av-
erage molecular weight (Mw) of T-PAc1 was
193,400 [weight-average molecular weight/num-
ber-average molecular weight (Mw/Mn) ¼ 1.9],
and, Mw was 220,600 (Mw/Mn ¼ 1.8) for T-PAc2, as
measured by gel permeation chromatography with
respect to monodisperse polystyrene standards.

In the IR spectra, the synthesized copolymers
exhibit absorption bands of the parent monomers,
with the exception of the stretching vibration
of the C¼¼C double bond, which confirms the
polymerization of the monomeric units. Charac-
teristic of the triazene structure chemically an-
chored to the polymeric chain is the absorption at
1375 cm�1.

The 1H NMR spectrum of the T-PAc2 copolymer
is presented in Figure 2. The most interesting
peaks in this polymer are those assigned to the ar-
omatic protons located at 8.13 and 7.45 ppm and
the aliphatic ones from the spectral zone of 2.2–
0.8 ppm because these signals can be used to cal-
culate its composition. In fact, from the ratio of
the peak integral for aliphatic protons that origi-
nated from the acrylic backbone to that of the aro-
matic protons in the NMR spectrum, a molar ratio
of the two monomer components (M2/MMA) of
1:2.45 was found for T-PAc2. We can see that the
copolymer composition determined via NMR spec-
troscopy by integration of the aforementioned sig-
nals does not coincide with the corresponding feed
ratio because of the reactivity difference between

Figure 2. 1H NMR spectrum of T-PAc2.

Scheme 2. Schematic representation of the triazene
polyacrylate structure (T-PAc1 and T-PAc2).
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triazene acrylate and MMA, the reactivity being
slightly higher in the latter. Additionally, an un-
saturated structure with minor peaks between
5.8 and 6.4 ppm, possibly generated by a dispro-
portionation reaction, can be observed in the
aforementioned spectrum. Similarly, the ratio of
1:3.18 M1/MMA, calculated for T-PAc1, is close to
that found by elemental analysis from the nitro-
gen content (Table 1). The introduction of an elec-
tron-acceptor substituent in the triazene mono-
mer has resulted in a modest increase in the reac-
tivity in the copolymerization.

Because the decomposition temperature of the
polymers has a pronounced influence on the abla-
tion quality, the thermal stability of the triazene
copolymers has been investigated with TGA. In
the case of T-PAc1, the first thermal decomposi-

tion step occurs between 110 and 169 8C, indicat-
ing around 23% weight loss (not shown). As
assumed, the main decomposition process of this
polymer results from the decomposition of the tri-
azene fragment. For T-PAc2, the first stage of the
thermal process starts at 122 8C and reaches
206 8C when 25% weight loss is noticed.

To quantify some aspects of the classic picture
of acrylic copolymer morphology, the surface to-
pography of the T-PAc2 copolyacrylate on a quartz
substrate has been examined with atomic force
microscopy (AFM). For better visibility of the
details, some different positions per substrate
have been taken. Figure 3 displays the surface
image of the polymeric film of T-PAc2 obtained via
casting from a DMF solution. The structure of the
film (thickness & 1.68 lm) corresponds to the

Table 1. Characteristics of the Triazene Acrylic Copolymers

Sample

Elemental Analysis (%)
Ultraviolet–Visible

(nm) Mw (g/mol) Mw/MnC H N

T-PAc1 Calcd. 60.87 6.82 8.78 286, 322 (DMF) 193,400 1.9
Found 60.85 6.79 8.65 284, 313 (film)

T-PAc2 Calcd. 56.17 6.61 9.39 364 (DMF) 220,600 1.8
Found 56.14 6.58 9.36 366 (film)

Figure 3. AFM images and corresponding cross sections of the film based on T-
PAc2 (a) before and (b) after 110 min of UV exposure.
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morphology of compact particles distributed over
the entire substrate without any tendency for
agglomeration. Although T-PAc2 forms a good-
quality film, its surface is not so flat and clean,
and this results in numerous hills and valleys
placed in a very smooth structure. The aspect ra-
tio of the height and diameter has been confirmed
by a cross section of 2 lm. This seems to provide
direct evidence for the presence of relatively
nanophase-separated domains that appear less
distinct and have, on average, smaller lamellae or
crystallites randomly disseminated throughout
the surface of the film. The distribution of multi-
chain aggregates of various sizes arranged in a
quasilinear mode can be observed in the profilo-
metric curve attached to this figure. Following
then the image of the surface for the T-PAc2 film
kept under UV irradiation for 110 min, when the
triazene maximum completely disappeared in the
UV spectrum (discussed later), we detected no
obvious changes with AFM analysis [Fig. 3(b)]. At
first glance, the absence of surface damage con-
firms that the photodecomposition of triazene
chromophore caused by UV light does not affect
the surface morphology.

Photobehavior of the Triazene Monomers
and Copolymers

Because the triazene polymers are intended for
applications in microlithography, it is important
to study the photodecomposition of the triazene
moiety both in the triazene precursors and in the

derived copolymers. From this viewpoint, the pho-
tobehavior of P1 and P2 has been followed by the
visualization of the change in the p–p* transition
of the triazene unit during irradiation with a
high-pressure mercury lamp. The former absorbs
in the UV spectrum at 284 and 308 nm, whereas
P2 presents a single absorption band at 360 nm.
Figure 4(a) shows UVabsorption spectral changes
for P1 in a methanol solution over various irradia-
tion times. Under these conditions, there is a
gradual decrease in both absorption maxima with
the irradiation time. Exhaustive irradiation
causes the disappearance of the earlier mentioned
peak. Such a photoresponse, registered in about 9
min of irradiation, suggests an irreversible cleav-
age of the phenyl triazene chromophore in P1. Its
kinetic evaluation [Fig. 4(b), plot 1] can be ex-
pressed by a first-order rate equation: ln(A0/At)
¼ kt, where A0 and At are the values of the absorb-
ance at times t0 and t, respectively, and k is a rate
constant. Accordingly, the k value calculated for
the phenyl triazene precursor is k ¼ 2.48 � 10�3

s�1. In comparison, for P2, in which the photo-
transformation degree is almost 30% after 144
min, k ¼ 4.9 � 10�5 s�1 has been found. The lower
photoreactivity in P2 is caused by the electron-
withdrawing substituent of the triazene function.

To obtain further insight into the substituent
effects, we have examined the structural changes
of the triazene chromophore of each copolymer
with absorption bands in UV spectra at 286 and
322 nm (T-PAc1) or 364 nm (T-PAc2) in DMF solu-
tions. For a T-PAc1 solution, its photodecomposi-

Figure 4. (a) Ultraviolet–visible spectral changes for P1 during UV irradiation and
(b) dependence of the relative absorbance on the irradiation times (1) for P1 in meth-
anol and (2) for T-PAc1 in a DMF solution.
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tion occurred within 30 min, whereas for the poly-
mer with p-nitrophenyl triazene, a phototransfor-
mation of about 56% was attained after more than
200 min of exposure to UV light. A comparison of
the kinetic plots indicates that this reaction took
place faster for T-PAc1 (k ¼ 8 � 10�3 s�1) in a
DMF solution [Fig. 4(b), plot 2] than for T-PAc2
(k ¼ 6.6 � 10�5 s�1). Moreover, for both polymers,
the photoprocess follows first-order kinetics.
Therefore, this result confirms again that the
electron-acceptor substituent adjacent to the tria-
zene function increases the stability of the poly-
mers to UV photolysis. Similar data have been
obtained for triazene diols used as partners in the
synthesis of polyurethanes.19

Because the spectral changes induced by UV
light in thin films are of practical interest, the
rates of photolysis of the triazene polyacrylates
have been determined under the same experimen-
tal conditions. An examination of the absorption
maxima centered at 284 and 313 nm for T-PAc1
films has indicated that indeed the photodecom-
position of the triazene function is induced almost
completely in 15 min (ca. 95% transformation
degree). Plotted in Figure 5(a,b) are the changes
in the apparent percentage of phenyl triazene
phototransformation in a T-PAc2 film. In compari-
son with T-PAc1, for which k ¼ 2.3 � 10�3 s�1 has
been calculated, the photodecomposition in the T-
PAc2 film occurs more slowly (k ¼ 2 � 10�4 s�1). A
possible decomposition scheme for triazene poly-
acrylates is shown in Scheme 3. In the first step of

the photoprocess, we assume a trans–cis photoiso-
merization of the N¼¼N bond with the formation
of the cis isomer, which is thermodynamically
more instable. Once formed, this isomer can pho-
tochemically be decomposed to aminyl macroradi-
cals and phenyl or para-nitrophenyl diazenyl rad-
icals. The diazenyl radicals are able to generate
molecular nitrogen, leading to phenyl/para-nitro-
phenyl species that can be stabilized by hydrogen
extraction or recombination. Similar photochemi-
cal reactions in the case of aminyl macroradicals
are presumably responsible for the formation of
crosslinked polyacrylates or polymers with pend-
ant amino groups.

To probe the idea that the fragmentation of tri-
azene groups via photolysis with UV light is
accompanied by a crosslinking effect of the poly-
mer, an experiment with a T-PAc1 film was per-
formed. The film was irradiated for 2 h and then
developed in CHCl3. A decrease in the solubility
for the irradiated area with increasing irradiation
time suggests the irreversible decomposition of
the triazene chromophore and photocrosslinking
of the polymeric film.

Laser Ablation of the Triazene Acrylic Copolymers

The laser ablation rates at 308 nm versus the
irradiation fluence are shown in Figure 6 for both
triazene polyacrylates (T-PAc1 and T-PAc2), for
which two distinct regions are notable. From
the lower region, Fth can be determined, that is,

Figure 5. (a) Ultraviolet–visible spectral changes in a polymeric film (T-PAc2) upon
UV irradiation and (b) its kinetics.
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Scheme 3. Idealized representation of the photodecomposition of the triazene copo-
lyacrylates.
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60 mJ cm�2 for T-PAc1 and 70 mJ cm�2 for T-
PAc2. The lower Fth value for T-PAc1 clearly indi-
cates that the phenyl triazene is more sensitive to
308-nm irradiation than the nitrophenyl triazene
group. This is consistent with studies performed
on dialkyl phenyl triazenes, for which the nitro-
substituted compounds are also less sensitive in
comparison with nonsubstituted ones.32 In tan-
dem with the aforementioned, the higher aeff val-
ues found in both regions for T-PAc1 (low fluence
at 35,200 cm�1 and high fluence at 10,200 cm�1)
compared with those of T-PAc2 (low fluence at
11,200 cm�1 and high fluence at 5200 cm�1) corre-
spond to high ablation rates. In addition, the lin-
ear absorption coefficient at the irradiation wave-
length is higher for T-PAc1 (52,300 cm�1) than for
T-PAc2 (31,700 cm�1), suggesting a lower penetra-
tion depth of the laser photons. If the absorbed
photons do not cause a bond breakage, they can
induce fluorescence (not observable here) or heat-
ing via vibrational relaxation. Subsequently,
additional heat could appear by the decomposi-
tion of triazene chromophores with effects on the
increase in the polymer softening temperature.
Taking into consideration that this temperature
is 62 8C for PAc1 and 58 8C for PAc2, one would
assume that the nitrophenyl triazene copolymer
starts to flow (the round edges of the ablation
spot, as observed for T-PAc2) when it is heated
above the melting temperature but below the
decomposition temperature. In comparison with
T-PAc2, only partial melting on the edge has been
observed for T-PAc1. Studies of PMMA confirm

that this is a UV-softened polymer33 that flows
below its glass-transition temperature after UV
irradiation. Some SEM photographs of our
ablated films are shown in Figures 7 and 8, where
one can see interesting effects of the exposure flu-
ence on the physical conditions of the etched sur-
face. After exposure, the T-PAc1 film shows a clear

Figure 6. Ablation rate versus the fluence for T-PAc1 and T-PAc2 with irradiation
at 308 nm.

Figure 7. SEM images of T-PAc1 after 308-nm irra-
diation for five pulses at 550 mJ cm�2. The whole
ablation spot is shown in the top image; a close-up of
the thermal features is shown in the bottom image.
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ablation structure, in which the thermal features
of the ablation mechanism are visible only with
2500� magnification (the lower image in Fig. 7).
The rough structures of the films after drying are
most likely caused by the presence of crystallites
or small impurities in the polymer. However, the
profile measurements clearly demonstrate that
the phenyl triazene group is more suitable for
laser structuring than the nitrophenyl triazene
group, for which more pronounced thermal effects
are observed, that is, flowing of the edges.

Details of the mechanism from a photophysical
(thermal) viewpoint will be published elsewhere.

CONCLUSIONS

Two new triazene copolymers based on M1 or M2
and MMA were synthesized and characterized.
The copolymers reported here had polymer com-
positions of 1:3.18 M1/MMA and 1:2.45 M2/MMA,
respectively, as determined by NMR analysis. The
photoreactivity of the triazene precursors and the
resulting copolymers under Hg-lamp irradiation

was dependent on the structure of the triazene
chromophore. The phenyl triazene monomer led
to copolymers with a higher photosensitivity to
UV irradiation than those with nitrophenyl tria-
zene. The irradiation of the polymer films up to
the complete disappearance of the characteristic
peak for the triazene group in the UV spectrum
had no effects on the surface morphology viewed
in the AFM image. This result supports the idea
that the photodecomposition of the triazene chro-
mophore, which occurs by first-order kinetics,
does not induce surface damage. This ablation
work clearly demonstrates that the ablation of tri-
azene copolymer films can be caused by laser ex-
posure at 308 nm even with a higher ablation rate
for the phenyl triazene copolymer.
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