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Photosensitive Azide Polymers*

STEWART H. MERRILL and C. C. UNRUH, Research Laboratories,
Eastman Kodak Company, Rochester, New York

INTRODUCTION

Organic azides are known to decompose photolytically, as well as ther-
mally, with the evolution of nitrogen.? The imine ‘“radical”’ (R-)A
which remains couples rapidly with another imine or with some other
molecule of the environment. With the azide group on a polymer, the
decomposition and coupling could result in crosslinking, if there is no
solvent or other material present with which the coupling can preferentially
occur. If the polymer crosslinks on exposure to light, a photographic
image is available. By exposure of a thin layer through a negative the
polymer will be selectively crosslinked and insolubilized in the image
areas. The unexposed polymer can be removed with a solvent. The
preparation and examination of polymers made photoreactive by the at-
tached aromatic azide groups was the object of the work reported here.

To form the azide group on an aromatic ring requires a series of reactions.
Difficulties in handling and characterization of the product are encountered
if the series of reactions are carried out on the polymer, unless it is of very
low molecular weight. The units of the polymer which undergo side
reactions or do not react are carried along and cannot be separated from
the desired product. For this reason it was difficult to obtain a well-
defined product from the preparation of polyazidostyrene starting with
polystyrene.

A better route to azide polymers is to form the azide on a simple molecule
which is then united with the polymer by means of a reactive function.
Copolymers of maleic anhydride were useful since they react with amines
and alcohols. Also, poly(vinyl alcohol) and cellulose derivatives with
free hydroxyl groups react with acid chlorides and anhydrides. These are
the polymers which are described in this paper.

Only aryl azides were used. They are easy to prepare and are thermally
more stable than alkyl azides. The bad reputation of azides derives mostly
from metal salts and alkyl compounds. Most aromatic azides decompose
without violence between 100 and 175°C.

* Communication No. 2239 from the Kodak Research Laboratories.
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EXPERIMENTAL
Azide Compounds*

All of the aromatic azides were made by diazotization of the correspond-
ing amine, followed by treatment with sodium azide. The preparation of
3- and 4-azidophthalic acid has been described, and this general method
was employed in each case.?

3-Azidophthalic anhydride. The azidophthalic acid® was cyclized by
heating at gentle reflux in a mixture of equal parts of acetic anhydride and
benzene. Following evaporation ¢n vacuo to near dryness, the residue was
recrystallized from carbon tetrachloride. It melted, with decomposition,
at 124-126°,

, ANaL. Caled. for CsHsO3Ns: N, 22.2%. Found: N, 22.5%. -

4-Azrdophthalic anhydride. This isomer was made from the acid in the
manner just described. After crystallization from carbon tetrachloride,
it melted at 88-89°.

ANaL. Found: N, 22.49,.

8-, 4-Azidophthalic anhydride, mized isomers. A mixture of approxi-
mately equal parts' of the two isomers was the final product of a synthetic
sequence starting with the nitration of phthalic acid. The isomer mixture
was carried along without separation. The product was isolated as
described for 3-azidophthalic anhydride.

p-Azidobenzoyl chloride. p-Azidobenzoic acid,* m.p. 180-182° (dec.)
after recrystallization from aqueous methanol, was heated with an excess
of thionyl chloride. Recrystallization from ligroin at ice temperature
yielded the acid chloride, m.p. 57-58°.

m-Azidobenzyl alcohol. m-Nitrobenzyl alcohol was hydrogenated to
the amine.? The azide was an oil which was taken up in ether and distilled
at 92° at 0.9 mm.

AnaL. Caled. for C:H,ON;: N, 28.29%,. Found: N, 28.69.

B-(4-Azidophenozy)ethanol. B-(4-Aminophenoxy)ethanol was converted
to the azide.® Following recrystallization from a benzene—hexane mixture
at ice temperature, the product melted at 37-38°.

Anar. Caled. for CsHyO:N;3: N, 23.49%. Found: N, 22.79.

Azide Polymers

Azidophthalate of partially hydrolyzed poly(vinyl acetate). To a solution
of 29.5 g. (0.21 mole free hydroxyl) of 47 mole-%, hydrolyzed, high-viscosity
poly(vinyl acetate) (Elvanol RH-611, Du Pont) in 590 g. of dry pyridine

* Melting points are corrected.

1 Mr. F. Wanamaker and Dr. L. Weisler determined the ratio of the isomers on the
polymer by the 6.82 u absorption band of the 3 isomer.
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was added 39.5 g. (0.21 mole) of azidophthalic anhydride. The solution
was heated, with stirring, for 5 hr. at 45-50° and allowed to stand overnight
" at room temperature. After dilution with 150 ml. of acetone, the mixture
was poured slowly, with vigorous stirring, into 15 1. of 2.59%, hydrochloric
acid. The fine, white, fibrous polymer (60 g.) which precipitated was
washed in three changes of fresh water and dried at 40°. It was soluble
in acetone, dioxane, and dilute aqueous alkali.

Anar. Caled. for 1009, reaction: N, 12.8%. Found: N, 10.8%.

Azidobenzoate of partially hydrolyzed poly(vinyl acetate). This polymer
was made in the same manner and with the same materials as the polymer
just described, except that p-azidobenzoyl chloride was used. After a
4-hr. heating period, the product was precipitated, then reprecipitated,
in water. It was soluble in butanone and chloroform.

AnaL. Caled. for 1009, reaction: N, 14.2%. Found: N, 12.7%,.

Azidophthalate of partially hydrolyzed cellulose acetate. A mixture of
10.1 g. (0.053 mole) of 3-azidophthalic anhydride and 6 g. (0.050 mole
hydroxyl) of a partially hydrolyzed cellulose acetate (249, acetyl) in 80 ml.
of pyridine was stirred at room temperature for 18 hr. Dilution with 50
ml. of butanone gave the proper concentration for precipitation in meth-
anol., The product was washed in dilute acetic acid and then in water.
It was soluble in dilute aqueous alkali.

ANaL. Caled. for 1009, reaction: N, 13.0%. Found: N, 11.7%.

3-Azidophthalate of gelatin. A solution of 10 g. (about 0.004 mole of
free amino) of gelatin in 110 ml. of water was stirred at 50° while 5 g.
(0.026 mole) of 3-azidophthalic anhydride was added in small portions
along with sufficient 109, sodium hydroxide to maintain the pH at 8-10.
Heating was continued for 3 hr., after which the solution was acidified
with acetic acid to pH 6. The polymer, recovered by precipitation in
acetone, was soluble in alkali.

Esterification of styrene—maleic anhydride heteropolymer with mo-azido-
benzyl alcohol. To a solution of 8.1 g. (0.040 mole) of styrene—maleic
anhydride heteropolymer (inherent viscosity, 0.5 in acetone, 0.25 g./100
ml.) in 130 ml. of dry pyridine was added 4.0 g. (0.027 mole) of m-azido-
benzyl alcohol. The solution was maintained at 70° for 4 hr. and allowed
to stand overnight at room temperature. The polymer was precipitated
in ethyl ether and reprecipitated from 250 ml. of acetone in 0.39, hydro-
chloric acid. The washed and dried polymer was soluble in dilute aqueous
alkali. A nitrogen content of 5.79, indicates that 369, of the maleic
anhydride units were esterified.

Esterification of styrene—maleic anhydride heleropolymer with 8-(4-azido-
phenoxy)ethanol. A 13-g. amount (0.064 mole) of styrene-maleic anhydride
was treated with 10 g. (0.056 mole) of this azide as just described. Esteri-
fication was 559, as determined by a nitrogen content of 7.59;. The
polymer was soluble in dilute aqueous alkali containing 109, ethanol.
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Ezxamination of Light Sensitivity of the Polymers

The method of measuring the photoreactivity of a polymer has been
described.”® This procedure was followed in our work, with minor varia-
tions. The photographic speed value S (sensitivity value in the work cited)
of the polymers is defined as the reciprocal of the exposure required to
insolubilize the polymer which has been coated on a silicated aluminum
sheet. To measure the exposure, a neutral-density filter is placed against
the coating, and the transmitted illuminance is inversely proportional to
the antilog of the photographic density D of the filter. The speed values
were calculated in terms of a control speed value from the equation

antilog Dy

Sx =8 antilog D,

where the subscripts X and ¢ refer to the sample and control, respectively.
Poly(vinyl cinnamate) with a speed of 2.2 was the control.”

Sensitizers, when used, were included in the coating solutions at the level
of 109, of the weight of the polymer.

RESULTS AND DISCUSSION

Table I gives the speed values and sensitized speed values of the photo-
reactive azide polymers. The data show that the speed has no direct rela-
tionship to the azide nitrogen content. Furthermore, poly(vinyl acetate
3-, 4-azidophthalate) samples with nitrogen contents in the range of 9.5~
11.59, showed random variations in speed of 35~120 which were apparently
dependent on factors other than azide content.

The measured speed of the photoreaction will be a function of the cross-
links and thus of the solubility of the exposed polymer. Too, it will be a
function of factors which are external to the actual crosslinking. The speed
is a measure of the minimum exposure which will leave a layer of polymer
adhered to the substrate after development. Coating thickness and ad-
hesion of the insolubilized polymer are two factors which affect the measure-
ment.

The crosslinking reaction is subject to variations which depend on organic
structure. One is the actual amount of energy necessary to decompose an
azide group. Related to that is the ability of the molecule to utilize the
energy of the incident radiation. Exposure through a high-silica glass
essentially limits the spectrum to wavelengths above 260 mu. The azides
all have comparable absorption peaks and ranges. Variations of 10 mpu are
not significant as they are not reproducible. The narrow range of poly-
(vinyl cinnamate) pattly aceounts for its lower sensitivity.

The principal function of sensitizers is to extend the absorption range into
the region of longer wavelengths. As shown by the table, this is done by
the two sensitizers, one of which is alkali-soluble and the other organic-
soluble. With the azidophthalates the sensitizer uniformly increases speed
bv a factor of five, and it adds another absorption peak at longer wave-



277

PHOTOSENSITIVE AZIDE POLYMERS

*oul[ozBI}oy)ydeu-g-| Ly jowi-1-oUusAjom[L0ZUsg-7 :JIOZI}ISUSG o
‘surjozen3oyjydeu-g-[Ayjow-[~(suUs[A)ow[A0ZH0qOJINE-E)-7, :I0ZHISUg q
‘PoINSBOUI J0U RBM N SPIZE (UIR[PF JO 1U0IU0D SUTWUE 991 U0 Paseq ‘G | st a[qIssod WNWIXBIA «

0ge HOY %01 [ous
007082 ‘o1g 031 + *HN %90 gL -y3e(£xoudydopize-)-¢ JO 10380 YIN-0UaLA1g
0L8-082 (vey) ce SHN %S0 L'e [0qod[e [AZuaqopize-ui JO 19489 YIN-0usIL}S
02806z (389) 81 6 THN %S0 «(g°1) eprurereyyydoprze-¢ unepEn
098-063 03¢ oI 6 AN %50 LT 9gurey)ydopize-¢ 918208 S8OMIP)
08702  OTF ‘01  068-0.3 01 0018 01T  euouwxafopLi) L3l (eysozURqOpIZE-d %1008 [AutA)Aj0d
09F-0L2  0ZF ‘038  068-0.% 028  q0FF 001 *HN %$°0 g 01 (eorereqyydopize-p g 0181008 [Auta)L[og
0SP-022 0% ‘018 088092 0I€ 40011 033 *HN %<0 L6 (eysreyqIqdopize-§ 918309 [Aula)L[o]
09%-0L2  OTF ‘0I¢  068-0LC 01¢ 4082 0s *HN %90 801 (yereyqiydopize-¢ 9)e}e08 (Luta)sjod
0v£-092 o1g 44 ouOUBX9Y0[2LD) (eysureuumd [Luta)Lfed ‘oryuo)
rhu " g L] onjeA onreA JUIA[O8 % Jowijod
‘ofuvy Xty ‘afuey et peads paedg 8uryeon ‘N 9p1zy
uondiosqe uwopdiosqe .M”Mm
pozisueg pezIIsUsBU[) :

sIruLijod opizy jo asuodsey [sIjoedg puw L)1Anisusg
T ¥I9V.L



278 S. H. MERRILL AND C. C. UNRUH

lengths. The remarkable sensitization of the poly(vinyl acetate azido-
benzoate) is unique among the azides. The mechanism of this response is
not known.

Studies reported in the literature® ! on the thermal decomposition of
organic azides show that the decomposition is unimolecular and the rate is
independent of the solvent, except for some catalysis by strong acid.!
Photochemical decomposition has given the same products when the two
processes have been compared.’'! The thermal and photochemical reac-
tions are probably comparable in mechanism. The rate-determining step
is the loss of nitrogen, and the fate of the imine radical is a function of its
environment. For example, in the presence of alkylbenzene, the decom-
position product of phenyl azide abstracts hydrogen from the side chain of
the solvent. In the presence of benzene, the imine radical will combine
with another of its kind in preference to abstraction of nuclear hydrogen.!?
This correlates with work we have done!® in crosslinking polymers by
irradiation in the presence of simple bisazides. Polyvinyltoluene was more
rapidly insolubilized than was polystyrene.

A few experiments on the irradiation of aromatic azides without solvent
to simulate conditions of a polymer coating indicated how diverse the reac-
tion can be, depending on the moleculesinvolved.!* When irradiated in the
crystal form, p-azidobenzoic acid gave p,p’-dicarboxyazobenzene. Phenyl
azide, irradiated in air, gave an amorphous solid with the empirical formula
CeHeON. Irradiation of phenyl azide in a nitrogen atmosphere gave
another unidentifiable product, C¢H;N. In neither case was azobenzene
formed. The significance of these facts is that the rate of photochemical
decomposition of a given azide will not be changed by altering the material
with which the imine radical eventually reacts, but the fate of that radical
and its efficient utilization (e.g., insolubilization of a polymer) can be con-
trolied by the nature of the other groups in the system.

From the azide polymers described here, little can be stated about the
effectiveness of various groups in increasing the observed photoreactivity.
The 4 isomer of the azidophthalate shows a pronounced speed increase over
the 3 isomer. Perhaps less energy is required to decompose the 4 azido
isomer, or that imine radical, for steric reasons, is more efficient in cross-
linking in competition with an intramolecular reaction than is the 3 isomer.
The poly(viny!l acetate) derivatives have higher speeds than the other poly-
mers. This might suggest that the acetate group is particularly effective
as a crosslinking site but the cellulose acetate derivative is a low-speed poly-
mer with a high azide content. For its azide content, the gelatin derivative
has a high speed. Since gelatin is insoluble in cold water, the small amount
of carboxyl group contributed by the azidophthalamide may give it only
marginal solubility in alkali. Even lightly crosslinked polymer would then
be insoluble in the developer. The two azide polymers derived from sty-
rene-maleic acid copolymer have different light sensitivities, presumably
because of the difference of the two aryl azide groups.

To separate the factors which cause speed variations in photoreactive
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azide polymers, the photoreaction must be isolated from the subsequent
coupling reaction, The quantum efliciency of decomposition of substituted
aryl azides should be known independently of the ability of various groups
to couple with the imine radical.

We wish to acknowledge the contribution of Mr. E. M. Robertson and his co-workers
who determined the light sensitivity data.
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Synopsis

Derivatives of poly(vinyl alcohol), styrene-maleic acid copolymer, cellulose, and
gelatin have been made which incorporate aromatic azide groups into the polymer mole-
cule. The relative rates at which these polymers become crosslinked on exposure to ul-
traviolet light were measured. A preliminary discussion is given of the structural fac-
tors involved in the photolytic decomposition and subsequent coupling reaction,

Résumé

On a préparé des dérivés de Paleool polyvinylique, du copolymare styréne-acide mal-
éique, de la cellulose et de la gélatine qui contiennent des groupements acides aromatigues
dans la molécule du polymere. Ces polymeres ont été exposés 4 la lumidre et les vitesses
relatives avec lesquelles ils ont pontés ont ét6 mesurées. On ajoute une discussion pré-
liminaire sur les facteurs structurels impliqués dans la décomposition photolytique et la
réaction de couplage qui 8’en suit.

Zusammenfassung

Derivate von Polyvinylalkohol, Styrol-Maleinsiurecopolymeren, Cellulose und
Gelatine mit eingebauten aromatischen Azidgruppen in der Polymermolekel wurden
dargestellt. Die relative Vernetzungsgeschwindigkeit dieser Polymeren. im ultra-
violetten Licht wurden gemessen. Eine vorliufige Diskussion der bei der photolytischen
Zersetzung und darauf folgenden Kupplungsreaktion wirksamen strukturellen Einfliisse
wird durchgefiihrt.
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