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Abstract: 
4-nitro phenyl azo resorcinol  was synthesized by the coupling reaction of 4-nitro benzene diazonium chloride 

with resorcinol and then it was neutralized with sodium acetate. The epoxy-based monomer was synthesized by 

the treatment of 4-nitro phenyl azo resorcinol with epichlorohydrin and potassium carbonate in the solvent 

medium of acetone and refluxed for 12h. After cooling, the reaction mixture was poured into water. Polymer 

was synthesized by the treatment of epoxy-based monomer with aniline at 100
0
c for 24h. The obtained oligomer 

was purified by triple reprecipitation form THF to hexane. The oligomer functionalization was carried out by 

treating the oligomer with 4-azido cinnamic acid in presence of DMAP and DCC in the solvent medium of THF. 
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I. Introduction : 
A predominant number of researchers on polymer materials exhibiting the second order non-linear 

optical (NLO) activity dealt with guest-host systems or side-chain polymers where chromophore groups in side 

chains are covalently attached to the back bone. The benefits of the latter class of polymers are generally 

recognized due to a number of factors. The interest in these materials is caused by a possibility of obtaining the 

polymer systems with higher nonlinearity and better temporal and thermal stability of the  NLO response as 

compaired to guest-host composites with chromophore guest molecules dispersed In host polymer matrices. The 

determining advantage of side-chain polymer is that a high concentration of chromophore groups can be 

achieved without crystallization, phase separation or the formation of concentration gradients inside the polymer 

matrix. In addition, dye-polymer covalent attachment is shown to be highly efficient for minimizing near-IR 

losses.  

Side-chain NLO polymers based on various classes of polymer matrices including those with low Tg, 

relatively high Tg and high Tg have been synthesized and studied. Polymers with high Tg are considered 

promising as they provide high orientational stability of chromophore groups achieved during thermo-poling of 

polymer films under an external electric field producing their non-centrosymmetric organization necessary to 

exhibit the second-order NLO activity. However, to provide chromophore orientation in such high Tg matrices, 

the poling procedure should be performed at high temperatures above or close to the matrix Tg value, that may 

cause chromophore destruction during poling. Further more, polymers with high Tg values sometimes possess a 

rather high polymer chain rigidity, leading to poor film forming properties, brittleness, etc. Thus a choice of a 

suitable polymer backbone is a complicated task. One of the most popular classes of chromophores contain azo 

benzene moieties though they are characterized by rather moderate nonlinearities. The reported synthetic 

stratigies used for chromophore binding to the polymer back bone involve either the polymerization of 

azobenzene-functionalized monomer, or a polymer reaction, also called post-functionalization, which allows 

pendent azo groups to be attached. The first method is sometimes preferable since it is rather simple and makes 

it possible to introduce chromophore groups into each monomer unit. However, chromophore-containing 

monomers are often difficult to polymerize, they produce as a rule, low-moleccular weight polymer with poor 

film-forming properties. The second method has no these drawbacks but it involves polymer functionalization 

reactions proceeding often with limited yields. 

Epoxy-amine matrices are intensively used for the synthesis of polymer materials with the second order 

NLO response due to their easy processing and poling, as well as low optical losses observed for this class of 

polymers. Usually, chromophore groups in such polymers are covalently attached to the main chain, so that 

donor end-group is embedded into the main polymer chain. Such materials are characterized by rather high 

values of NLO coefficients, in particular, when chromophores with acceptor nitro and tricyanovinylene groups 

were used.  
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The increasing use for high density integrated circuits has created a need for process simplification in 

semiconductor device fabrication in order to reduce material and labour costs and to achieve lower defect levels 

and improved product reliability. It is an object of this invention to provide a new negative photoresist that can 

be developed with aqueous base, which includes epoxy-amine matrix as a base polymer and has a photoactive 

moiety chemically bonded to the base polymer. According to this invention, single component epoxy- amine 

polymers are synthesized by covalently bonding an azide group carrying carboxylic acid to the epoxy-amine 

polymer. The resultant negative tone resist materials are aqueous base developable. The resist may be patterned 

using DUV. The negative photoresistof this invention comprise azide functionalized epoxy-amine polymers in 

which a photoactive element is chemically bonded to the backbone of the base polymer. Synthesis of the 

polymers is achieved by an esterification reaction of an aromatic azide carrying carboxylic acid group with the 

hydroxyl group of the epoxy-amine polymer.  

 

II. Experimental 
2.1 Synthesis of 4-nitro phenyl azo resorcinol: 

To 20mmol of 4-nitro aniline, 5.4 ml of concentrated hydrochloric acid and 20ml of water were added. The 

mixture was placed in the ice-bath . To the cooled mixture, a solution of 20mmol of sodium nitrite in 3 ml of 

water was added dropwise and the resulting solution was stirred at a temperature between 0
0
and 5

0
c within 15 

minutes. Then, the solution containing 20mmol of resorcinol in 12ml of methanol was added dropwise. The 

reaction was carried out for 30minutes and was neutralized with sodium acetate. After the temperature was 

raised to room temperature, the mixture was stirred for 1h. The product was filtered, washed with large amount 

of water and dried under vacuum.  

 

2.2. Synthesis of epoxy based monomer:  

To a 50ml round bottom flask equipped with stirring bar, reflux condenser and nitrogen inlet, diazo resorcinol 

(0.0064M) , epichlorohydrin  (2.0ml, 0.026M) and potassium carbonate (1.8g,0.0128M) were added. The 

reaction mixture was dissolved in 15ml of acetone with stirring. The reaction mixture was purged with nitrogen 

and heated to reflux for 12h. After cooling the reaction mixture was poured onto 200ml of water. 

 

2.3. Synthesis of polyether polyol on the basis of epoxy-based diazo resorcinol  and aniline: 

2.9 mmol of epoxy monomer and 2.9 mmol of aniline were taken  into an ampoule thoroughly shaken at room 

temperature and purged with argon  for 15 minutes. The ampoule was sealed and placed into an oven. The 

reaction was carried out at 100
0
c for 24h. Then the obtained oligomer was purified by triple reprecipitation from 

THF to hexane. The isolated oligomer was dried in vacumn oven till constant weight. 

2.4. Functionalization of polymer: 

 The oligomer functionalization was carried out in  a flat-bottom flask at room temperature for 24h. 1.77g 

(2.1mmol) of oligomer was dissolved in 60ml THF,  Then 0.12g (0.99mmol) DMAP, 0.56 (2.72 mmol) DCC, 

0.44g (2.31 mmol) 4-azido cinnamic acid were added in this sequence to the oligomer solution agitated by a 

magnetic Stirrer. In the end of the reaction, the formed sediment was filtered off from the mixture, and the 

oligomer was precipitated into hexane. For the oligomer purification, the solution-precipitation procedure was 

repeated twice, and the obtained oligomer was dried in the vacumn oven till constant weight. 

 

III. Result And Discussion: 
4-nitro phenyl azo resorcinol was synthesized by the coupling reaction of 4-nitro benzene diazonium 

chloride with resorcinol and then it was neutralized with sodium acetate. The epoxy- based monomer was 

synthesized by the treatment of 4-nitro phenyl azo resorcinol with epichlorohydrin and potassium Carbonate in 

the solvent medium of acetone and refluxed for 12h. After cooling, the reaction mixture was poured into water. 

The synthetic route of monomer was represented in scheme -I. 
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scheme -I. 

 

Polymer was synthesized by the treatment of epoxy-based monomer with aniline at 100
0
C for 24h. The 

obtained oligomer was purified by triple reprecipitation from THF to hexane- The oligomer functionalization 

was carried out by treating the oligomer with 4-azido cinnamic acid in presence of DMAP and DCC in the 

solvent medium of THF. For the oligomer purification, the solution precipitation procedure was repeated twice, 

and the obtained oligomer was dried in vacumn oven. The synthetic route of polymer was represented in 

scheme-II. 
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Scheme –II. 

 

IV. Conclusion: 
IR, UV and NMR spectra revealed the successful preparation of the polymer. Reactive polyether polyol 

based on azo resorcinol and aniline with azo chromophore in the main chain are synthesized and characterized. 

The synthesized oligomer has good thermal stability and heat resistance. The synthesized oligomer is then 

treated with 4-azido cinnamic acid to give the functionalization of the polymer. The obtained oligomer can be 

used as a negative photoresist. The exposed region forms a cross-linked network and the unexposed region is 

soluble in aqueous base. 
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