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Synopsis 

Poly(N-vinylamine) (PVAm) and methylmethacrylate/dimethylaminoethylmethacrylate co- 
polymers (MMADMAEMA) were prepared and then substituted by cinnamic or cinnamylidene 
photosensitive groups. The photosensitivity of these materials was determined using the so-called 
photoresist test in various experimental conditions. A comparison was made between MMAI 
DMAEMA and methylrnethacrylate/4-~inylpyridine (MMA/4VP) photosensitized copolymers. 
The best results were obtained with MMADMAEMA on textile support. A photosensitization 
study was carried out by adding some compounds such as thioxanthone (10% in bulk). I t  showed 
that the multiplicity factor can be 10 with MMA/DMAEMA copolymers and even up to 64 for 
photosensitive PVAm. The addition of anionic dyes on the polymers emphasized that a better 
fixation occurred for aliphatic amines than for pyridinic ones. 

INTRODUCTION 

In a previous paper we have described the photocrosslinking of polymers and 
copolymers bearing pendant cyanocinnamylidene-pyridinium groups.2 After 
irradiation the reticulated polymers and copolymers were able to fix acidic dyes 
on their free pyridine units. But the binding of such dyes on the pyridine units 
is weak, and the dyes were eliminated when the material was washed with a 
slightly basic water. The aim of the present paper is to know whether such dyes 
will or will not be linked more strongly on the polymeric material if the pyridine 
units are replaced by a more basic moiety. In this purpose we synthesized some 
copolymers of methymethacrylate and dimethylaminoethylmethacrylate, along 
with homopolyvinylamine. We bound to them photosensitive cinnamic or 
cinnamilidene chromophores. We report here the results of the photosensitivity 
studies of these polymers and the preliminary results on the fixation of dyes on 
the photoreticulated materials. A comparison was made with the corresponding 
properties of a methylmethacrylate-4-vinylpyridine copolymer substituted by 
cinnamylidene groups. 

EXPERIMENTAL 

Photosensitive Groups 

The synthesis of the photosensitive molecules to be bound on the polymeric 
chain of vinylpyridine or dimethylaminoethylmethacrylate-methylmethacrylate 
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copolymers have been already described.2 They are 

BP( CH, ),-O--C--CH=CH--CH%H+ 
/I 

I /  I 

0 
Br-( CH,),-C-C%CH-CH----CH+ 

0 CN 
Bromoethylcinnamylidene acetic acid ester Ex 
Bromoethylcyanocinnamylidene acetic acid ester E, 

Polyvinylamine was functionalized by the acid chloride of either cinnamylidene 
acetic acid (CAACl), cyanocinnamylidene acetic acid (CCAACI), or cinnamic 
acid (CACl). These compounds were synthesized from the corresponding acid 
in the usual way.2 

Monomers 

4-Vinylpyridine (4VP), methylmethacrylate (MMA), and dimethylami- 
noethylmethacrylate (DMAEMA) were Merck compounds. They were used 
after distillation by standard procedures. N-vinyl-acetamide was synthesized 
by pyrolysis of bisacetamide according to Dawson’s procedure.3 

Polymers and Copolymers 

Copolymers of MMA with 4VP, DMAEMA, and homo(N-polyvinylacetamide) 
were obtained by conventional solution radical polymerization using a&-azo- 
bisisobutyronitrile as the inhibitor. The solvents used were isopropanol for the 
polymerization of vinylacetamide and benzene for all copolymers of methyl- 
methacrylate. All samples were polymerized at  60°C in vacuum degassed and 
sealed tubes. All polymeric materials were recovered by precipitation in a 
convenient non solvent (acetone for PVAm, petroleum ether for MMA/4VP 
copolymers, and diethylether for MMA/DMAEMA copolymers). Poly(viny- 
lamine hydrochloride) was obtained by acid hydrolysis of poly(N-vinylaceta- 
mide).3 A precipitate of polyvinylamine (PVAm) was formed by neutralization 
by NaOH 8N of an aqueous solution of its hydrochloride. After filtration PVAm 
was dried under vacuum at  100°C for 1 h. As for PVAm previously synthesized 
by other workers: our sample contained some residue after combustion (9% in 
our case). The specific viscosities vsp were determined for 1 g/lOO mL solutions. 
In the case of MMA copolymers the solvent was a 0.01M LiCl solution in meth- 
anol and for PVAm, a 0.1M NaCl solution in water. Unfortunately, in the ab- 
sence of any viscosity law, these values cannot be used to give the values of the 
molecular weights. 

Quaternization Reactions of Copolymers: Functionalization of PVAm. 
All quaternization reactions of the MMA copolymers were performed in tetra- 
methylenesulfone (TMS) for compounds El and E2 as previously reported.2 

A typical experience was conducted as follows: the copolymer was dissolved 
in TMS (2 g for 100 mL) at 50°C during 6 h under nitrogen flow. Then, the ester 
was added (1.1 mol ester for 1 mol of base) and the stirred solution was allowed 
to react a t  70°C during 70 h. The crude quaternized material was washed many 
times with the precipitant (dry diethylether). A further purification by disso- 
lution and precipitation was necessary. 
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The functionalization of PVAm by an acid chloride was performed in methanol 
in the presence of pyridine. A typical experience was conducted as follows: 
PVAm was dissolved at  room temperature in methanol distilled on MgII2 com- 
plex and dried molecular sieve (1 g in 10 mL) at  room temperature. Pyridine 
(1 mol for 1 mol of acid chloride) was added, and then an acetone solution of acid 
chloride (1 mol of acid chloride for 1 mol of PVAm) was dropped under stirring. 
After the complete addition of the acid chloride the reaction mixture was stirred 
at  room temperature during 1 h. Then the modified materials were precipitated 
(PVAm-CAAC1 in diethyl ether and PVAm-CACl in acetone) filtered off and 
dried under vacuum at 5OOC. 

Analytic Characterization 

Spectroscopic Characterization. Spectroscopic characterization of esters, 
acid chlorides, and polymeric materials was performed by recording IR spectra 
(Perkin-Elmer 257 or Beckman IR 18 Spectrometers), UV spectra (from Beck- 
man DBG Spectrometer), and NMR proton spectra (from Brucker WP 80 
Spectrometer). 

Determination of Basic Groups of the Copolymers. The pyridinyl groups 
of MMAl4VP copolymer were determined using the Tamikado conductimetric 
method already described.5 The tertiary amice groups of MMAIDMAEMA 
copolymers were determined by HC104 titration in acetonitrile (titration made 
in the Centre de Recherches sur les MacromolBcules, Strasbourg). 

Determination of the Quaternized Groups. The determination of pyri- 
dinium groups in El- or Fz-quaternized MMAl4VP copolymers was done by 
potentiometric titration of Br- ions as previously described.z 

However, for MMAIDMAEMA-quaternized copolymers, the determination 
of free pyridine groups was made in acetonitrile by HC104 titration in the pres- 
ence of CH3COZHg. 

Determination of the Percent of Functionalized PVAm. In the case of 
modified PVAm-CAC1 and PVAm-CAAC1 polymers, the percent of free base 
was titrated in glacial acetic acid by HC104. The reactions of PVAm with cin- 
namic or cinnamylidene acid chloride are nearly stoichiometric. 

Irradiation Methods; Determination of Illumination Photoresist Test 

The preparation of thin films, their irradiation, the determination of the energy 
received by a given sample, and the bismuth photoresist test used for the de- 
termination of the insolubilization of the photoirradiated films are described 
in detail in Ref. 5. 

The photosensitivity S was defined as6 

S = KIE = KIIt 

where E is the energy needed to insolubilize 1 cmz of the film, I is the illumina- 
tion, and t is the time needed for insolubilization. The constant K is arbitrarily 
taken, as K = 1. This photosensitivity is defined for a given type of irradiation 
source. 

The photosensitivity measured according to the “bismuth photoresist test” 
is called s b .  Similarly, photoresist tests were also made on thin polymeric films 
laid out directly on the transparent polyester support (without bismuth), as 
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TABLE I 

4VP and MMA/DMAEMA 
Polymerization Conditions and Specific Viscosity: Homopolymer, PVAm; Copolymers, MMA/ 

Conver- 
AIBN Time sion qSp 

Sample Formula (mol/L) Solvent (h) Precipitant (70) (mL/g) 

P PVAm 3.66 X Isopropanol 1 Acetone 22 0.26 
CI MMA-4VP 1.22 X Benzene 15 Petroleum ether 70 1.15 
CII MMA-DMAEMA 1.22 X Benzene 24 Diethylether 83 0.68 
CIII MMA-DMAEMA 1.35 X 10-2 Benzene 24 Diethylether 74 0.30 
CIV MMA-DMAEMA 1.51 X 10-3 Benzene 24 Diethylether 87.5 0.49 

previously described.2 The photoreticulated spots were then visualized by 
soaking the film in a solution of dye (color index: Acid Red No. 57, for example). 
The corresponding photosensitivity is called St. Moreover, a “textile photoresist 
test” was used in which the polymeric photosensitive film was laid out on a 
TergalB stuff polyester support. The visualization was made by dyeing as in the 
precedent case. The corresponding photosensitivity is called ST. 

The photosensitivity SX,,,~ was determined using the bismuth photoresist test 
after a Hanovia L 5430 1 KW Xenon Source and a GM 250 Schoeffel Mono- 
chromator. The wavelength range of the monochromator was centered on the 
wavelength A,, of the maximum optical density of the polymeric photosensitive 
material: AA = A,,, f 10 nm. 

RESULTS AND DISCUSSION 

Polymeric Materials. The conditions of obtaining crude polymers, their 
specific viscosity, and the determination of their composition are given in Tables 
I and 11. In Table I11 are the conditions of functionalization of the various co- 
polymers and of PVAm, along with the molar fraction f~ of photosensitive groups 
on the resulting polymeric material. We were not able to synthesize a soluble 
polymer neither by quaternization of copolymer CIV with EZ whatever the qua- 
ternization reaction time was, nor by reaction of PVAm with the acid chloride 
CCAAC1. 

The UV spectra of the functionalized polymers are nearly the same as those 
of the corresponding polymers formed by quaternization of MMA-4VP co- 
polymers already described.2 The IR spectra are, mutatis mutandis, the 
same.2 

TABLE I1 
Composition of MMA-4VP and MMA-DMAEMA Copolymersa 

Polymer F ~ V P  FMMA FDMAEMA f4VP fMMA fDMAEMA 

CI 0.16 0.84 0.22 0.78 
CII 0.75 0.25 0.75 0.25 
CIII 0.50 0.50 0.50 0.50 
Crv 0.25 0.75 0.25 0.75 

a F refers to the molar fraction in the feeding mixture; f to the molar fraction in the copolymer. 
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TABLE I11 
Functionalization of Polymers by Photosensitive Molecules 

Weight (g) 
of the 

photosensible 
molecule 

added 
for 1 g of the 
nonfunction- 

alized Reaction Reaction 
starting temp time ~ m a x  

Sample Composition polymer ("0 (h) f~~ (nm) 

CI.1 

CI,Z 

CII.1 

CIL2 

CIII 

Crv 

P1 
Pz 

p3 

P4 

p5 

MMA/4VP-E2 

MMAI~VPQ-EI 
78/22 

78/22 

Ez 
75/25 

El 
75/25 

E2 

MMAIDMAEMA- 

MMAIDMAEMA- 

MMADMAEMA- 

50150 

E2 
25/75 

MMAIDMAEMA- 

PVAm-CCAACI 
PVAm-CAAC1 

PVAm-CAACl 

PVAm-CACl 

PVAm-CACl 

1.5 

1.5 

1.5 

1.5 

3.0 

3.0 

1.0 
0.45 

0.55 

1.83 

2.51 

70 

50 

70 

50 

70 

70 

0-20 
0-20 

0-20 

20 

20 

24 

24 

24 

24 

24 

6 

1 
1 

1 

1 

1 

Gb 

ic 
18.23 310 

23.14 310 

23.50 277 

32.41 277 

(CH30H) 

(CH30H) 

(CH30H) 

(CH30H) 

a f~ refers to the molar fraction of the photosensitive group in the polymer. 
There is formation of an insoluble gel. 
The polymer formed is an insoluble powder. There is no gel formation. 

Photosensitivity. Table IV collects the photosensitivities of polymers. All 
samples were irradiated with a high pressure mercury source (Philips SP 
500). 

The difference of photosensitivity of copolymer CIII as compared with co- 
polymer CII,J is partially due to the fact that polymer CIII swells more than co- 
polymer CIIJ during its development with the chloroform-methanol mixture, 
and perhaps to the fact that in copolymer CIII, which has a higher content of 
photosensitive Ez units than polymer CII ,~  (36.2 vs. 21.2), the probability of in- 
trachain photobinding is higher. 

For photosensitized PVAm some expected results are obtained: (i) for a given 
photosensitive group, the photosensitivity increases with the percent bound; 
(ii) the photosensitivity is better for cinnamylidene units (CAAC1) than for 
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TABLE IV 
Photosensitivity of the Different Soluble Functionalized Polymersa 

Development s b  S I f E  St ST 
Sample Form u 1 a solvent (crn2.J-') = R (cm2.J-') (cm2.J-') 

Commercial KPR (KODAK) + 
products sensitizer 

P.E. 4125 (KODAK) 
+ sensitizer 

78122113.7 

78/22/18 

CIJ MMA/4VP-E2 

CI,Z MMAl4VPlEl 

CIIJ MMAIDMAEMA-E2 

c11,2 MMAIDMAEMA-El 

Crrr MMAIDMAEMA-Ep 

75/25/2 1.24 

75125120.78 

50/50/36.23 

Ethylene glycol 10 20 - 

butylphthalate 25 50 - 
acetate 

CHCl3 6.85 50 35.71 

CHCl3-CH30H- 0.45 8.77 
toluene 
(1:1:2) 

(1:l) 

(1:l) 

(1:l) 

CHCls-CH30H 6.85 32 17.86 

CHC13-CH3OH 6.85 33 17.54 

CHCIS-CH~OH 0.16 44 8.77 

P2 PVAm-CAACl(18.23 %) CH30H 0.011 0.06 0.055 
p3 PVAm-CAACl(23.14%) CH30H 0.046 0.2 0.17 
p4 PVAm-CAC1(23.50%) CHsOH 0.007 0.03 0.050 

- 

- 

157.85 

28.99 

76.92 

57.97 

153.85 

0.48 
1.07 
0.33 

PS PVAm-CACl(32.41%) CH.?OH 0.021 0.065 0.11 0.38 

a Irradiations with Philips SP 500 source: sb = photosensitivity on bismuth plated polyester 
transparent support, St = photosensitivity on polyester transparent support, ST = photosensitivity 
on polyester textile support, R = s / f E  is the photosensitivity rapported to a photosensitive unit of 
the polymeric material, and f~ is the molar fraction of the photosensitive group in the polymer. 

cinnamic ones (CAC1). This difference is a direct function of the molar ex- 
trinction coefficients of the chromophores: 

€277 = 20,000 L/mol-cm in ethanol for CACl 
€310 = 40,500 L/mol.cm in isopropanol for CAACl 

The photosensitivities of photosensitized PVAm are 2 orders of magnitude 
lower than for MMA-4VP- or MMA-DMAEMA-photosensitive polymers de- 
scribed in this paper. The high sensitivity of the latter is due to the fact that 
they contain quaternized amines.298 

One observes that sb < St < ST. This is due to differences of adhesion of the 
polymeric material on the support. In the case of Sb the adhesion forces deal 
with the polymer/Bi system since for St and ST they deal with the polymer/ 
polyester support system. The experimental result ST > St is easy to explain: 
in St determination the support is glossy since for ST it  is rough (textile). 

The photosensitivities s b ,  St and ST of Table IV refer to all the light emitted 
by the Philips SP 500 medium pressure mercury lamp. Only a small amount 
of i t  is actually absorbed by the polymer. 

In three cases (cf. Table V) we measured the SX- photosensitivity corre- 
sponding to the maximum absorption of the polymer. 

The SX,,,~~ are obviously higher than the Sb, S t ,  or ST photosensitivities. It 
is in the case of polymer P3 (PVAm-CAAC1 23.14%) that the increase is the 
highest. 
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TABLE V 
Photosensitivity Skmax a t  the Maximum Absorption 

Wavelength Photosensitivity 
Sample Formula (Amax f (nm) SX,, (cm2.J-l) 

CIIJ MMADMAEMA-El 355 f 10 9.17 

C11,z MMADMAEMA-El 310 f 10 13.89 

P3 PVAm-CAACl 310 f 10 4.17 

75125121.24 

75125120.78 

(23.14%) 

Influence of Sensitizers. We have already noticed2 that since the addition 
of benzophenone (10% in weight to a polymer solution) slightly increases the 
photosensitivity of the films of such polymers, usual commercial photosensitizers 
decrease it. Williams already described such phenomenon for styrylpyridi- 
nium-substituted vinyl polymers.8 

We found a similar behavior of usual photosensitizers toward polymer CII ,~  
(cf. Table VI); moreover, the addition of benzophenone decreases also the pho- 
tosensitivity. On the other hand, we noticed that compounds, such as anthrone, 
benzanthrone, erythrosine, thioxanthone, and xanthone added in 10% in bulk, 
strongly increases, in most cases, the photosensitivity of the polymer studied 
(cf. Table VII). 

Photosensitive copolymer CIJ containing 10% in bulk of thioxanthone is more 
than three times more sensitive than the commercial PF 4125 Kodak polymel, 
which is also photosensitized. 

The mechanism of this photosensitization was not studied. It seems not to 
be related with the triplet energy ET of the photosensitizer: ET of erythrosine 
is 42 kcal/mol, whereas that of the other photosensitizers is higher than 60 (Mi- 
chler's ketone, 60 kcal/mol; thioxanthone 65.6 kcal/mol; benzophenone 69 
kcal/mol; anthrone, benzanthrone 72 kcal/mol; xanthone 74.2 kcal/mol.g 

The increase of the photosensitivity (R)  of the nonquaternized PVAm- 
CCAACl or PVAm-CAAC1 photosensitive polymers by these photosensitizers 
is much higher than is the increase of the photosensitivity of the quaternized 
polymer. 

Spectroscopic Studies-Reaction Rate. The variation of the UV or IR 
spectra of an irradiated photosensitive film studied as a function of irradiation 

TABLE VI 
Influence of the Addition of 10% in Bulk of Photosensitizers on the Photosensitivity of 

Copolymer CIIJ (MMADMAEMA-Ez) (75/25/21.24) 

Photosensitizer None Benzouhenone ketone Kodak BNb Tartrazine 
Michler's 

S b a  6.85 3.05 0.87 1.02 3.05 
(cm2-J-l) 

a Bismuth test, Philips SP 500 Source4 = 0.164 wIcm2, development solvent CHBOHICHCl3 = 
111. 

Kodak BN: N-methyl-2-benzoyl-p-naphthatiazoline. 
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TABLE VII 
Influence of the Addition of 10% in Bulk of Photosensitizers on Various Photosensitive 

Polvmersa 

Photosensibility: Sphot (cm2.J-l) 
R 

Formula Benzan- Erythro- Thioxan- 
Samule of the polymers Anthroneh throneb sineb thoneb Xanthoneb S 

Commercial KPR (Kodak) 10 
products + sensitizer 

PE 4125 (Kodak) 25 
+ sensitizer 

CI,1 MMA14VP-Ez 42.78 80.24 21.39 80.24 21.39 6.85 
78122113.7 6.25 11.7 3.12 11.71 3.12 

CII.1 MMAIDMAEMA-E2 24.39 24.39 6.85 
75125121.24 3.56 3.56 

75125120.78 3.74 14 3.74 3.74 3.56 

(23.14%) 64 64 25.65 64 21.30 

(32.41%) 31 40 23.33 170 46.7 

CII.2 MMAIDMAEMA-El 25.64 96.15 25.64 25.64 25.64 6.85 

P3 PVAm-CAACl 2.94 2.94 1.18 2.94 0.98 0.046 

P5 PVAm-CACl 0.65 0.84 0.49 3.57 0.98 0.021 

a Sb = Sensitivity measured by the “bismuth test”5; development solvent CH3OHICHCl3, 111; 
= sensitivity measured by the “bismuth test” on films containing 10% in bulk of the photo- 

sensitizer; I = 0.164 WIcm2 Philips SP 500 medium pressure mercury lamp X = 250-800 nm; R = 
S p h o J s .  

Photosensitizers. 

time allows the determination of the reaction rate I - :  

D A , ~  being the optical density of the film at  the wavelength X at  time t ,  D A , ~ ,  at 
time t = 0, and Dx,-, at time t = 00. 

Table VIII gives the reaction rate of the photosensitive polymers studied for 

TABLE VIII 
Reaction Rate of Photosensitive Polvmers after 30 s of Irradiation 

Reaction rate ra 
Sample Formula (%) 

CIJ MMAI4VP-Ez 47.55 

CIIJ MMAIDMAEMA-E2 10.00 
78122113.7 

75125121.24 

7’5125120.78 

5Ol50136.23 

CI1,Z MMADMAEMA-El 61.90 

CIII MMAIDMAEMA-E2 29.62 

p2 PVAm-CAACl(18.23 %) 38.71 
P3 PVAm-CAACl(23.14%) 40.56 
P4 PVAm-CAC1(23.50%) 43.41 
PA PVAm-CACl(32.41%) 51.12 

a T was determined by irradiation of the photosensitive polymer film (thickness determined for 
obtaining at A,, an optical density of 1) with a polychromatic light (Philips SP 500 medium pressure 
mercury lamp, X = 250-800 nm), I = 0.07 W/cm2. 
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Fig. 1. Variation of r as a function of irradiation time for the PVAm photosensitive polymers. 

a 30 s irradiation time, and Figure 1 the variation of 7 as a function of irradiation 
time for the PVAm photosensitive polymers we studied. Similar curves are 
obtained for the other photosensitive polymers. 

Textile Dyeing. The most photosensitive were CIJ (MMA/4VP/Ep, 78/ 
22h3.7) and CIII (MMA/DMAEMA& 50/50/36.23). The values of the textile 
photosensitivity ST are nearly 156 and 154 cm2.J-1, respectively. The free bases 
are pyridine for C1.1 copolymer and an alkyl tertiary amine for (2111. In the case 
of Ps the photosensitivity is fairly increased from 1 to 43 cm2.J-l by addition of 
10% of thioxanthone in bulk. The free base is an alkyl primary amine in this case. 
These photosensitivities are high enough to allow the use of these photosensitive 
polymers as coating protective agents in textile industry. However, the problem 
of the fixation of dyes is also of interest. 

In previous studies,2 we noticed that if alizaridines are fixed on a polymer such 
as CIJ and give bright color, the dye is easily removed by water washing. We 
tried to dye with anionic dyes a Tergala stuff on the threads of which is fixed by 
photoreticulation a film of copolymer CIII or polymer P p .  Copolymer CIII leads 
to brighter colors than polymer P p .  

Alizarine and neutrichrome dyes have a good solidity to water washing, but 
have a bad solidity to light (as determined by a “xenon lamp test”). 

In fact, as expected, polymer containing aliphatic amine groups can be more 
easily dyed by anionic dyes than are polymers in which the amine is a pyridine 
group. If the solidity to water washing problem seems to be quite correctly re- 
solved, polymers such as CIII or Pp cannot be used to fix dyes on textiles very 
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difficult to be dyed such as polypropylene, because of the poor solidity to light 
of the anionic dyes used. 

CONCLUSION 

We partially succeeded in our aim. We synthesized polymers of high photo- 
sensitivity, easily fixable on the threads of a stuff and which fix strongly anionic 
dyes. We have to resolve the problem of the light solidity of this dye. Another 
purpose is to synthesize water-soluble photosensitive polymers. Their fixation 
on a stuff would be industrially much easier if it could be done in a water solution 
rather than in an organic solution. 

The dye studies have been performed at  Section Nord de 1’Institut Textile de France with the 
assistance of Mr. G. Ross and Mr. G. Voreux. We acknowledge them for their help. 
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