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Synthesis, Characterization and Photocrosslinking
Properties of Poly(1-(4-Methacrylamidophenyl)-1-

(4-nitrophenyl)prop-1-en-3-one)

S. NANJUNDAN AND C. S. JONE SELVAMALAR

Department of Chemistry, College of Engineering, Anna University,

Chennai, India

The phenylmethacrylamide monomer, 1-(4-methacrylamidophenyl)-1-(4-nitrophenyl)-
prop-1-en-3-one (MPNP) containing a photosensitive group was synthesized by
reacting 4-nitrocinnamoylaniline with methacryloyl chloride in the presence of tri-
ethylamine at 0–58C. The functional monomer, MPNP was polymerized in ethyl
methyl ketone (EMK) under nitrogen atmosphere at 708C using benzoyl peroxide
(BPO) as the initiator. The synthesized polymer was characterized by UV, IR,
1H-NMR and 13C-NMR spectroscopy. The molecular weight data of the polymer as
obtained from gel permeation chromatography suggests a higher tendency for chain
termination by radical recombination than disproportionation. The thermal studies
of the polymer were obtained from thermogravimetric analysis. The glass transition
temperature of the polymer was determined by differential scanning calorimetry.
The solubility of the polymer was tested in various organic solvents at room tempera-
ture. The photosensitivity of the polymer was investigated in various solvents in the
presence and absence of triplet photosensitizers. The effect of the different solvents
nature and concentration on the rate of photocrosslinking of the polymer were also
examined for using the polymer as negative photoresist materials.

Keywords 1-(4-methacrylamidophenyl)-1-(4-nitrophenyl)prop-1-en-3-one,
chalcone, crosslinking, radical polymerization, thermal property

Introduction

Photosensitive polymers with photo-crosslinkable groups have gained considerable

interest in recent years owing to a wide variety of applications in microlithography

(1, 2), printing materials (3), photocrosslinkable paints (4), liquid crystalline display

(5, 6), nonlinear optical materials (7, 8), tissue engineering (9, 10), biosensors (11),

smart polymers responding to pH, temperature, and ionic strength (12), photo-orientation

of mesoporous silica thin films (13), formation of polarization gratings and surface relief

gratings (14), permseparation of water and ethanol by pervaporation (15).

Among various photocrosslinkable groups, a,b-unsaturated carbonyl unit has

attracted particular attention due to its excellent photoreactivity at UV absorption wave-

length (16–20). They possess properties of good solubility, ability to form films, high
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photosensitivity, and resistance towards solvents after crosslinking, etching agents and

thermal stability. These properties in combination in a polymer are needed for practical

use as negative photoresist material.

Polymers with cinnamoyl group either in the backbone or side chain undergo cross-

linking through [2mþ 2m] cycloaddition of the carbon-carbon double bond upon

irradiation with UV light (21–24). Several polymers having photofunctional groups

such as poly(vinyl cinnamate) (25), poly(vinylcyanocinnamoxy acetate) (26), poly

(vinylcinnamoyl acetate) (27), phosphazenes based cinnamate photopolymers (28, 29),

polysaccharides based on chondroitin sulfate (30), polyf11-[4-(3-ethoxycarbonyl-

coumarin-7-oxy)-carbonylphenyloxy]-undecyl methacrylateg containing a coumarin

moiety (31), spiroxazine polymer (32), poly(nonbornene derivatives) (33), polymers

bearing pendant conjugated heterocyclic chromophores (34), polymers based on

4-[5-(4-hydroxyphenyl)-3-oxopenta-1,4-dienyl]phenyl-2-methacrylate (35), copolymers

of 4-methacryloyloxy phenyl-30,40-dimethoxystyryl ketone (36) copolymers based on

4-acryloyloxyphenyl-30-chlorostyryl ketone (37) polymers with bis(benzylidene) cyclo-

hexanone unit (38) methacrylate polymer comprising 2-cinnamoyloxyethoxy biphenyl

side group (39) poly(2-trimethylsilyl-2-propyl methacrylate) (40) have been reported. In

continuation of our earlier reports on photocrosslinkable acrylamide polymers containing

bromo (41), N, N dimethylamino and benzo substituted chalcone moiety (42) we report the

synthesis, characterization, thermal stability and photocrosslinking properties of a metha-

crylamide based photocrosslinkable polymer, poly(4-methacrylamidophenyl)-1-(4-nitro-

phenyl) prop-1-en-3-one). The methacrylamide polymers were found to be more

photosensitive than the acrylate or methacrylate polymers. The introduction of electron

withdrawing nitro group would increase the thermal stability of the polymers. The work

was also carried out to see the effect of nitro group on the photocrosslinking properties

of the polymer. The effect of concentration of the polymer, solvent and triplet sensitizers

on the photocrosslinking property of the polymer is also studied.

Experimental

Materials and Methods

4-Aminoacetophenone (SRL) and 4-nitrobenzaldehyde (SRL) were used as received.

Benzoyl peroxide (BPO) was recrystallized from a 1:1 mixture of methanol and chloro-

form. Methacryloyl chloride was synthesized according to the method of Stampel et al.

(43). All the other chemicals were distilled before use.

Synthesis of Chalcone

4-Nitrocinnamoylaniline (NCA) (1) was prepared by Claisen-Schmidt condensation of

4-nitrobenzaldehyde and 4-aminoacetophenone. 4-Amino acetophenone (7 g) in 50 ml

of ethanol and a solution of sodium hydroxide (2 g) in distilled water (20 mL) was

taken in a three-necked flask and the contents were cooled in an ice bath. 4-Nitrobenzal-

dehyde (7.8 g) dissolved in 40 ml of ethanol was added dropwise to the reaction mixture

with constant stirring and cooling such that the temperature was not allowed to exceed

208C. After the mixture was stirred for 24 h at room temperature, the precipitate was

filtered and successfully washed with ice-cold water and cold alcohol. The crude

product was recrystallized from ethyl acetate to obtain pure NCA. The yield of the

product was 13.9 g (53%) m.p. 223–2248C.
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The structure of NCA was confirmed by elemental analysis, FT-IR, 1H-NMR, and
13NMR spectroscopy.

Elemental analysis (%): C: 67.13 (Found), 67.16 (Calcd); H: 4.45(Found), 4.51

(Calcd); N: 10.38 (Found), 10.44 (Calcd).

FT-IR (KBr, cm21): 3485 and 3388 (N-H stretching); 3065 (55C-H stretching); 2925

and 2778 (C-H stretching); 1637 (.C55O); 1595 (olefinic .C55C , ); 1508 (N-H

bending); 1595 and 1441 (aromatic C55C stretching); 1341 (C-N stretching); 1230

(NO2); 828 and 758 (55C-H out of plane bending); 669 (N-H wagging); 502 (C55C out

of plane bending).
1H-NMR (DMSO, ppm): 1H-NMR (DMSO, ppm): 8.18–7.62 (m, 9H, Ar-H and

55CH-Ar), 6.62–6.60 (d, 1H, -CO-CH55), 6.22 (s, 2H, NH2).

13C-NMR (DMSO, ppm): 186.26 (C5), 155.11 (C1), 148.52 (C11), 142.66 (C7),

139.47 (C8), 132.27 (C3), 130.28 (C9), 127.51 (C4), 125.87 (C6), 124.72 (C10), 113.65 (C2).

Synthesis of Monomer

For the synthesis of 1-(4-methacrylamidophenyl)-1-(4-nitrophenyl)prop-1-en-3-one

(MPNP) (2), methacryloyl chloride (2 g, 0.02 mol) in 40 ml of MEK was added dropwise

with stirring to a mixture containing NCA (6 g, 0.02 mol), triethylamine (2.3 g) and methyl

ethyl ketone (MEK) (250 ml) in a three necked flask and cooled between 0 and 258C.

Then, the reaction mixture was stirred for 2 h at room temperature and the precipitated

quaternary ammonium salt was filtered off. Then, the solvent was removed using a

rotary evaporator. The residue obtained was washed thoroughly with distilled water and

then with cold ethanol. The crude product was recrystallized from ethyl acetate to

obtain pure 1-(4-methacrylamidophenyl)-1-(4-nitrophenyl)prop-1-en-3-one; yield: 4.6 g

(62%), m.p. 1418C.

The structure of MPNP was confirmed by elemental analysis, FT-IR, 1H-NMR, and
13C-NMR spectroscopy.

Elemental analysis: (C18H14N2O4): C ¼ 67.13 (Found), 67.16 (Calcd); H ¼ 4.45

(Found), 4.51 (Calcd); N ¼ 10.38 (Found), 10.44 (Calcd).

IR (KBr, cm21): FT-IR (KBr, cm21): 3485 and 3388 (N-H stretching); 3107 (55C-H

stretching); 2925 and 2778 (C-H Stretching); 1637 (.C55O); 1595 (olefinic and aromatic

.C55C , ); 1508 (N-H bending); 1595 and 1441 (aromatic C55C stretching); 1341 (C-N

stretching); 1230 (NO2); 828 and 758 (55C-H out of plane bending); 669 (N-H wagging);

502 (C¼C out of plane bending).
1H-NMR (CDCl3, ppm): 1H-NMR (DMSO, ppm): 8.18–7.62 (m, 9H, Ar-H and

55CH-Ar), 6.62–6.60 (d, 1H, -CO-CH55), 6.22 (s, 2H, NH2).
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13C-NMR (DMSO, ppm): 188.11 (C9), 166.64 (C4), 151.65, (C15), 141.69 (C11), 141.

25 (C5), 139.91 (C12), 139.31(C2), 131.33 (C8), 130.15 (C7), 128.75(C13), 126.05 (C14),

124.19 (C10), 120.61 (C1), 119.13 (C6), 18.70 (C3).

Synthesis of Polymer

The polymer, poly(1-(4-methacrylamidophenyl)-1-(4-nitrophenyl)prop-1-en-3-one),

[poly(MPNP)] (3) was synthesized by free-radical polymerization of MPNP at 708C
as a 2M solution in MEK using BPO as the initiator. The reaction tube was purged

with oxygen-free nitrogen gas for 25 min. The tube was tightly sealed and kept in a ther-

mostat at 708C. After 12 h, the polymer was precipitated by adding into the excess

methanol, redissolved in MEK, reprecipitated by methanol, filtered, washed with

methanol and dried in vacuo at 408C. Yield was 46%.

Solubility Studies

Solubility of the polymers was tested in various polar and non-polar solvents. About

5–10 mg of the polymer was added to about 2 ml of the solvent in a test tube and

kept overnight with the tube tightly closed. The solubility of the polymers was noted

after 24 h.

Spectral Measurements

IR spectra were recorded on a Hitachi model 270–50 spectrophotometer using potassium

bromide pellets. 1H-NMR spectra were run on a JEOL 400 MHz spectrometer at room

temperature using 15 wt% solutions in CDCl3 and tetramethylsilane (TMS) as the

internal standard. 13C-NMR spectra were run on a Bruker 270 MHz spectrometer.

Elemental analysis was performed with a Perkin-Elmer C-H analyzer. The UV

spectrum of poly(MPNP) in chloroform was obtained on a U-2000 Hitachi spectropho-

tometer. Number and weight-average molecular weights (M̄w and M̄n) and polydispersity

index values were determined using a Waters 501 gel permeation chromatograph (three

ultrastyragel columns, refractive index detector and calibrations with polystyrene

standards) with tetrahydrofuran (THF) as the eluent. Thermogravimetric analysis was

performed on a Mettler TA 3000 thermal analyzer. TG traces were recorded on 10 mg

samples at a heating rate of 108C/min in air. The glass transition temperature was deter-

mined with a Perkin-Elmer DSC d7 differential scanning calorimeter (DSC) at a heating

rate of 108C/min using air as the purge gas. The thickness of the polymer film was

measured using Sloan Dektak-3030 surface profile measuring equipment. An average of

three readings were noted.

Photoreactivity Measurement

A thin film of the polymer, prepared from a 2% solution in chloroform and polymer in

solution (45 mg/L) were irradiated in air with a medium pressure mercury lamp

(Toshiba SHL-100 UV, 75 W frequency). The quartz plate coated with thin film of the

polymer or the quartz cell containing the polymer solution (the path length of the cell

was 1 cm) was kept at a distance of 10 cm from the UV lamp for different time

intervals of irradiation. After each exposure, the UV spectra of the polymer film/
solution were recorded on an UV-visible spectrophotometer. The extend of
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disappearance of the double bond in the reactive chalcone group was monitored according

to equation (1):

Extent of conversionð%Þ ¼
ðA0 � ATÞ

ðA0 � A1Þ
� 100 ð1Þ

Where A0, AT and A1 are the absorbance after irradiation time t ¼ 0, t¼T and t ¼ 1,

respectively.

Results and Discussion

4-Nitrocinnamoylaniline (1) and the photosensitive acrylamide monomer, 1-(4-methacry-

lamidophenyl)-1-(4-nitrophenyl) prop-1-en-3-one (2) were synthesized according to

Scheme 1. Polymer 3, poly(MPNP) was synthesized by free radical polymerization of

2 in MEK using BPO as a free radical initiator (Scheme 1).

Scheme 1. Synthesis of chalcone, monomer and homopolymer.
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Characterization

Solubility. One of the important requirements for a photosensitive polymer is its solubility

in different organic solvents. Polymer 3 (obtained after 14 h, 46% yield) is completely

soluble in chlorinated solvents like chloroform, dichloromethane and chlorobenzene

and polar aprotic solvents such as dimethyl formamide, dimethyl sulphoxide,

1,4-dioxane and tetrahydrofuran. The complete solubility indicates that the cinnamoyl

double bond is not involved in crosslinking during polymerization. The polymer was

insoluble in non-polar solvents such as benzene, toluene and xylene and hydroxy group

containing solvents like methanol, ethanol, 2-propanol, water etc. The solubility of 3 is

generally very low when the conversion is above 60%, which might be due to crosslinking.

The infrared spectra of both the soluble and insoluble polymers are identical and hence do

not prove any crosslinks due to an obviously very small crosslink density. However,

swelling studies performed with dry polymer samples and MEK as the solvent prove

the presence of crosslinks in the insoluble polymer.

UV Spectrum

The UV spectrum of poly(MPNP) shows an absorption band at 340 nm due to the m-m�

transition of the .C55C, moiety of the pendant chalcone moiety.

IR Spectrum

The IR spectrum of poly(MPNP) is shown in Figure 1. It displays strong bands at

3426 cm21 due to N-H stretching vibrations. An absorption band at 3097 cm21 is due to

the aromatic and olefinic 55C-H stretching vibrations. The asymmetrical and symmetrical

C-H stretching is observed at 2929, 2906 and 2881 cm21. The .C55O stretching due to

the keto and the amide group (amide band I) is observed at 1656 cm21. The amide

band II due to the N-H bending is observed at 1519 cm21. Strong absorption at

Figure 1. FT-IR Spectrum of poly(MPNP).
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1599 cm21 and 1410 cm21 are due to C55C stretching of the olefinic and aromatic moiety,

respectively. The peak at 1339 cm21 is attributed to the C-N stretching. The peak at

1223 cm21 is due to the nitro group. The absorption due to the aromatic C-H out of

plane bending vibrations is observed at 836 and 788 cm21. The peak at 652 cm21 is due

to the out of plane NH wagging.

1H-NMR Spectrum

The 1H-NMR spectrum of the poly(MPNP) is shown in Figure 2. It shows multiple

resonance signals at 8.73–7.26 ppm. The signals due to NH and olefinic protons of the

pendant group are overlapped with that of aromatic protons. The backbone methylene

proton signal is observed at 2.09 ppm. The peak due to the a-methyl group is observed

at 1.20 ppm.

13C-NMR Spectroscopy

The 13C-NMR chemical shift assignments are made from off-resonance decoupled spectra

of the polymer (Figure 3). The resonance signals at 188.86 and 175.58 ppm are due to the

ketone and amide carbonyl groups, respectively. The signals at 141.71 and 124.17 ppm are

due the olefinic carbons attached to the aromatic ring and keto group, respectively. The

resonances of aromatic carbon atoms are observed between 151.61 and 119.18 ppm.

The signals at 54.23 and 46.04 ppm are due to backbone methylene and tertiary

carbons, respectively. A series of peaks due to the a-methyl carbon at 18.69–18.74

suggests the existence of tacticity.

Figure 2. 1H-NMR Spectrum of poly(MPNP).
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Molecular Weights

Weight average (M̄w) and number average (M̄n) molecular weights of poly(MPNP) deter-

mined from gel permeation chromatography and are M̄w ¼ 6.31 � 104 and M̄n¼

3.25 � 104, respectively. The polydispersity index ( M̄w/M̄n) for the polymer is 1.94.

The theoretical values of M̄w/M̄n for polymer produced via radical recombination and dis-

proportionation are 1.5 and 2.0, respectively (44). The polydispersity index value of

poly(MPNP) suggests that in homopolymerization of MPNP chain termination takes

place mainly by disproportionation.

Thermal Properties

The TGA trace (Figure 4) of poly(MPNP) clearly shows that the decomposition of the

polymer occurs in three stages. The initial decomposition temperature is 2888C, which

indicates that polymer 3 has good thermal stability required for a negative photoresist.

The first stage decomposition (2888C–3488C) may be attributed to the cleaving of the

pendant group and the second stage (3488C–4768C) and the third stage (4768C–6198C)

decomposition may be due to the cleavage of the main chain bonds. A weight loss of

10, 30, 50, 70, and 90% occurred at 304, 326, 459, 541, and 5928C, respectively.

Glass transition temperature (Tg) of poly(MPNP) was determined by differential

scanning calorimetry and was found to be 1718C. The higher Tg value for the polymer

may be attributed to the a-methyl groups and the inflexible and bulky pendant chalcone

units. The introduction of methyl groups into the backbone of the polymer would lead

to more chain entanglement that would result in a high Tg value.

Photocrosslinking Properties

The thickness of the polymer film was measured as an average of three readings using a

Sloan Dektak-3030 surface profile measuring equipment. The thickness of the film was

roughly 1mm. The photocrosslinking property of polymer 3 was studied in film, as well

Figure 3. 13C-NMR Spectrum of poly(MPNP).
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as in a solution using chloroform (CHCl3), 1,4-dioxane, tetrahydrofuran (THF), dimethyl

formamide (DMF) and dimethyl sulfoxide (DMSO) as solvents with a concentration of

45 mg/L in the presence and absence of photosensitizers. The polymer film showed an

UV absorption maximum at 340 nm due to the m-m� transitions of .C55C, of the

pendant chalcone moiety. Figure 5 shows the UV spectrum of the polymer film before

and after irradiation at different time intervals. For the polymer in thin film, photoconver-

sions of about 33%, 50%, and 63% were observed after 240, 1000, and 2400s of irradiation

time, respectively. It was found that even after a photoconversion of about 8%, which

takes place within 30 sec of irradiation, the polymer film was rendered completely

insoluble in chloroform with the help of which the original film was casted.

In the CHCl3 solution, the polymer shows an UV absorption at 340 nm due to the m-m�

transitions of .C55C, of the pendant chalcone moiety. Figure 6 shows the UV spectra of the

Figure 5. Changes in the UV spectral pattern of poly(MPNP) in chloroform solution upon

irradiation. Top to bottom: irradiation times t ¼ 0, 240, 1000, 2400, 2800, 3600, 4000, 5000,

5400, 6000, and 6000 s.

Figure 4. Thermogravimetric (TG) analysis of poly(MPNP).
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polymer before and after irradiation at different time intervals. The .C55C, bond absorp-

tion decreases drastically upon irradiation. An isobestic point appears which can be attributed

to the cis–trans isomerization of the pendant chalcone moiety. The decrease in the absorbance

of the polymer film/solution at 340 nm on irradiation with UV light may be due to the disap-

pearance of the chalcone double bond with the formation of a cyclobutane ring via [2þ 2]

addition of the .C55C, bond (45) of the pendant chalcone units as shown in Scheme 2.

This ring formation destroys the conjugated m-electron system and, hence results in a

decrease in the UV absorption intensity. Thus polymer 3 responded to irradiation similarly

as found for cinnamic acid and its derivative (46, 47).

The rate of photocrosslinking of polymer 3 was studied in terms of the rate of disap-

pearance of the .C55C, group with irradiation time. The extent of crosslinking was

evaluated by calculating the conversion of the photoreactive olefinic chromophore

(-CH55CH-) using the equation (1). In CHCl3 solution polymer 3 showed photoconversion

of 8%, 14%, and 31% after 40, 76 and 300s of irradiation respectively and about 69% con-

version occurred within 45 min of irradiation (Figure 6). However, when compared with the

corresponding polymers containing para-methoxy, para-N,N dimethylamino and 2,3-ben-

zosubstituted chalcone moiety (41, 42) the rate of disappearance of .C55C, of

poly(MPNP) is very slow in the solution for the same time of irradiation. The electron with-

drawing tendency of the -NO2 group weakens the electron density of -CH55CH- double

bond of the chalcone moiety through an extended conjugation and this is responsible for

the lower crosslinking efficiency of poly(APNK). It was found that the initial rate of photo-

crosslinking of the polymer film was faster than that in the solution. This may be due to the

close proximity of the polymer molecules in polymer film than in solution. However, the

maximum percentage of crosslinking in the solution was greater than that in the film

because in solution there can be proper alignment of the polymer molecules for crosslinking

due to its ability to move. Such a movement is not possible in the polymer film. For the same

reason, the polymer film does not exhibit any isobestic point on irradiation.

Figure 6. Changes in the UV spectral pattern of poly(MPNP) in chloroform solution upon

irradiation. Top to bottom: irradiation times t ¼ 0, 20, 300, 1200, 2000, 2700, 36000, and 4400 s.
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When chloroform solutions of the polymers at higher concentration (520 mg/L) were

irradiated for 1 h and the solvent was evaporated, the residue obtained was found to be

insoluble in the organic solvent, in which the original polymers were easily soluble

before irradiation. The FT-IR spectrum of the irradiated polymer shows the shifting of

the carbonyl peak to a higher wavelength, 1695 cm21 that is attributed to the loss of the

extended conjugation (with olefinic and the para-nitrophenyl groups) after the photocros-

slinking reactions. The decrease in the intensity of absorption peak at 1599 cm21 after the

photocrosslinking reactions is attributed to the disappearance of olefinic bonds of the

chalcone moiety. These observations are an indirect proof for the formation of a cyclobu-

tane ring after irradiation.

The effect of solvents on the rate of crosslinking of poly(MPNP) was studied. There is

clear difference on the rate of disappearance of .C55C, of chalcone units in

poly(MPNP) in various solvents such as chloroform, 1,4-dioxane, tetrahydrofuran,

dimethylfarmamide and dimethylsulphoxide. The rates of crosslinking of poly(MPNP)

Scheme 2. Photocrosslinking reaction of the polymer.
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in different solvents (Figure 7) are associated in the following order: CHCl3 . 1,4-

dioxane . THF . DMF . DMSO indicating that the type of solvents used also have a

significant effect in the rate of photocrosslinking (48).

The effect of polymer concentration on the rate of photocrosslinking was studied in the

chloroform solution with a concentration rage 21–166 mg/l. Figure 8 shows the results con-

cerning the rate of disappearance of .C55C, of the chalcone units in the polymer 3. It

shows that the rate of crosslinking increases with an increase in concentration because of

greater proximity of photoactive chalcone moieties in concentrated solutions (49).

The photocrosslinking reactions were are also carried out in the presence of various

triplet sensitizers such as benzoin, benzophenone, etc., but they are not effective in

increasing the sensitivity further. This behavior of the polymer 3 strongly indicates that

the photocrosslinking might not be taking place through the triplet (T) state, but alterna-

tively through singlet state electrons leading to a one-step, concerted [2þ 2] cycloaddition

(50). Thus, the polymer 3 with a pendant chalcone moiety has a higher rate of photocros-

slinking, even in the absence of sensitizers, leading to insolubility of the polymer upon

irradiation. It is expected that this type of polymer might be useful as a negative photo-

resist for various applications.

Conclusions

A new methacrylamide based photocrosslinkable polymer was synthesized by free radical

polymerization in solution using benzoyl peroxide as initiator. IR, 1H-NMR and 13C-NMR

characterized the structure of the chalcone, monomer and the polymer. The polymer was

easily soluble in polar aprotic solvents and chlorinated solvents. The molecular weight

data of the polymer suggests that in homopolymerization chain termination takes place

mainly by disproportionation than radical recombination. Thermal studies indicate that

polymer 3 has good thermal stability required for a negative photoresist. The

Figure 7. Rate of disappearance of .C55C, of the chalcone unit of poly(MPNP) with irradiation

time in different solvents: (†) CHCl3, (W) 1,4-dioxane, (O) THF, (4) DMF and (B) DMSO.
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photocrosslinking behavior of the polymer tested in various solvents strongly suggests

easy photoconversion of the photoactive groups during UV irradiation as required for a

photopolymer. The initial rate of photocrosslinking of the polymer film was faster than

that in solution. It was found that even after a photoconversion of about 8%, which

takes place within 30 sec of irradiation, the polymer film was rendered completely

insoluble in chloroform with the help of which the original film was casted. It was

found that there was no enhanced rate of photocrosslinking of the polymer when irradiated

in the presence of triplet sanitizers suggesting that the photocrosslinking might not be

taking place through the triplet state, but alternatively through singlet state electrons

leading to a one-step, concerted [2þ 2] cycloaddition. The overall property of the

polymer suggests that it would be useful as a good negative photoresist for various appli-

cations. The copolymerization of monomer 2 with photosensitive monomers and vinyl

monomers is under investigation.
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