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Abstract 

The esterification reaction of polyvinyl alcohol with chloranhydride of 

vinylphenylcyclopropyl carboxylic acid has been studied. As a result of 

the investigation the new polymer has been synthesized and its 

composition, structure and properties on the basis of data of IR- and PMR-

spectroscopy have been determined. The photochemical structurization of 

the synthesized polymer has been studied and it has been established that 

the modified polymer containing hydroxyl, carbonyl, cyclopropane group 

in macrochain possesses photosensitivity of order 47-50 cm
2
/J, which 

allows its using as a negative photoresist in the photolithography process. 

The advantage of this polymer is good adhesion to substrates, resistance to 

aggressive media. It has been shown that due to the availability of strongly 

absorbing groups in macromolecules the modified polymer is the 

photosensitive and in action to radiation, is inclined to be subjected 

photochemical conversions leading to the formation of three-dimensional 

structures 

Keywords: polyvinyl alcohol, esterification, chloranhydride of vinylphenylcyclopropyl 

carboxylic acid, photosensitivity  

Introduction 

One of the actual problems in the field of photosensitive materials is the creation of new 

photopolymers (photoresists) meeting all modern requirements. The structure of polymers chain 

and presence of various functional groups influences on photosensitivity of these polymers. An 

introduction of the phenyl nucleus and cyclopropane ring into the polymer chain considerably 

improves the photosensitivity of some class of the compounds. 

For synthesis of the photosensitive polymers recently it is recently used the modification of 

existing polymers, in particular, polyvinyl alcohol (PVA), differing by high reactivity and 

photosensitivity [1].  

For increase of the stability of the photo-hardened compositions on the basis of polyvinyl 

alcohol, it is modified by introducing of unsaturated groups into side chain of macromolecule, 

able to form cross-linked structures at absorption of light quantum [2].   

The esterification of PVA in the Schotten-Baumen reaction conditions [3] based on 

preparation of esters from chlorides of the aromatic acids and alcohols in the presence of 10% 
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solution of NaOH is the widely used method of introduction of the reactive functional groups 

into side chain of macromolecule. Very perspective ones in terms of creation of new 

photosensitive materials are the functionally substituted cyclopropyl styrenes [4,5]. 

The task of this work was the synthesis of the polymer by esterification of PVA and 

investigation of its photosensitivity. 

Results and Discussion 

The synthesis of polymer was carried out by interaction of PVC with chloranhydride of 

vinylphenylcyclopropyl carboxylic acid with the aim of creation of the equilibrium polymer 

containing fragments of vinyl alcohol and chloranhydride (phenyl nucleus, cyclopropane ring 

and vinyl group) in the side links. 

The synthesis of the polymer ester was carried out on the following scheme: 

 

The prepared polymer is the white powder, which is well dissolved in various solvents, 

including in methyl ketone, chloroform, dioxane and is not soluble in unsaturated hydrocarbons.  

The acylation reaction is usually carried out in solution with the aim of decrease of 

influence of intramolecular hydrogen bond in PVC, complicating the acylation process.  

The structure of modified PVC has been established by the methods of elemental and 

spectral (IR- and PMR-) analyses. In the IR-spectra of the polymers the absorption bands 

characteristic for cyclopropane ring (1030-1035 and 3060 cm
-1

), carbonyl group (1720 cm
-1

), 

ether bond (1080 cm
-1

), multiple С=С bond (990 and 1640-1645 cm
-1

) and benzene ring (1450-

1500 and 1605 cm
-1

) are appeared. An availability of the absorption bands in the field of 3500-

3600 cm
-1 

are referred to hydroxyl groups. The data of IR-spectra confirm the structure of the 

prepared polymer. The data of PMR-spectra confirming the formation of this structure have 

resonance signals of protons characteristic for groups: СН2=СН– (δ = 4.35-5.45 ppm), ОН– (δ = 

3.64 ppm), cyclopropane protons (δ = 0.75-1.75 ppm) and for benzene ring (δ = 6.85-7.25 ppm). 

Using dimethylacetamide as a solvent, it was assumed that the solvent not only blocks the 

intensive intermolecular interaction of PVA, favoring its solubility, but also favors the 

nucleophilic substitution reaction at the carbon atom of the chloranhydride group. The 

dimethylacetamide dissolving PVA in enough quantities and in addition, possessing high 

basicity is the good acceptor isolating in the reaction process of the hydrogen chloride.  

The use of dimethylformamide as a solvent showed that it possesses worst dissolving 

capacity in relation to PVA and allows to prepare concentrated solutions of the last one only at 

more higher temperatures.    

The acylation reaction was carried out both in solution and at the phase boundary. In this, a 

degree of substitution essentially depends on carrying out reaction conditions, the most important 

of which were the temperature and reaction time, as well as the ratio of reagents.   
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From Fig.1 the dependence of a degree of substitution on temperature at reaction of PVA 

and chloranhydride of vinylphenylcyclopropyl carboxylic acid in the medium of 

dimethylacetamide has been seen. A curve has an extreme character with maximum at 70°С. 

With increase of temperature a degree of substitution is decreased, apparently, due to side 

interaction of solvent and chloranhydride [6-10].  

 
 

Fig.1. Dependence of a degree of substitution on time (1) and reaction temperature (2); 

concentration 0.7 М and 70°С (1), time –1 h (2) 

A dependence of the polymer yield on concentration of reagents is presented in Fig.2. A 

character of curve corresponds to a character of dependence of a degree of substitution on 

reagent concentration and has also an extreme character (fig.2). In this case, the increase of a 

degree of substitution with increase of concentration is determined by increase of the main 

reaction rate. A decrease of a degree of substitution with further increase of the concentration is 

probable stipulated by difficulty of transition of a large number of PVA to a solution. So, at high 

concentrations a part of PVA does not pass into the solution, even with sufficiently long keeping 

in dimethylacetamide at 130°С.  

In Fig.2 the dependence of yield of the forming polymer ester on concentration of reagent, 

considering the full degree of substitution has been also shown.  

In Fig.3 the data obtained in interaction of PVA with chloranhydride in Schotten-Bauman 

reaction conditions are presented [3]. In these conditions, the reaction proceeds sufficiently fast 

and finishes in 45 min.  
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Fig.2.  Dependence of a degree of substitution on concentration (1), ratios of the initial reagents 

(2) and dependence of yield of the end polymer on concentration of reagents (3); time –1 

h, 60°С; concentration 0.7 М 

         
Fig.3 Dependence of a degree of substitution on esterification time at the phase boundary. 

Organic phase – benzene, chloranhydride: PVA=1 : 1mol, concentration – 0.4 M, 30°, 

ratio NaOH: chloranhydride=1:1 mol 

 

With increase of the reaction temperature from 5 to 35°, a degree of substitution is 

increased, which has been obviously connected with increase of the main reaction rate to a 
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greater extent than an increase of chloranhydride hydrolysis rate. A further increase of 

temperature leads to a noticeable decrease of a degree of substitution, which has been clearly 

connected with increase of hydrolysis rate.  

 

Fig.4.  Dependence of degree of substitution at esterification at the phase boundary on quantity 
of alkaline (a) and ratio of reagents (b). Organic phase: 1 – chloroform, 2 –MEK, 3 – 
benzene; reaction time 40 min, 25°С (a, b),  concentration of reagents – 0,5 M, ratio 
NaOH: chloranhydride=1:1  mol (b), ratio chloranhydride: PVA=0,5 : 1mol (a)  

Alkali concentration greatly influences on degree of esterification of PVA. An increase of 
NaOH concentration in the aqueous phase from 0.5 to 1.0 M leads to the increase of a degree of 
substitution from 12.5 to 25.8 mol %. With further increase of quantity of alkali a degree of 
substitution falls, which has been connected with increase of chloranhydride hydrolysis rate in 
the presence of alkali (fig.4a). 

A nature of solvent shows also an essential influence on acylation reaction of PVA. It 
should be noted that the greatest degree of substitution was observed in application of 
chloroform, in which the forming polymer was dissolved and reaction product – HCl passed into 
the aqueous phase neutralizing by alkali. A relatively low degree of substitution was in use of 
methyl ethyl ketone, which was mixed with certain quantity of water, causing the hydrolysis of 
chloroanhydride; and in a case of benzene, the forming polymer is precipitated not reaching high 
degrees of substitution. In Fig.4 b a dependence of a degree of substitution on ratio of the initial 
reagents: PVA and chloranhydride has been presented. In introduction of excess of 
chloranhydride in reaction it is observed an increase of a degree of substitution. Thus, in 
acylation of PVA in the solution of dimethylacetamide by chloranhydride of 
vinylphenylcyclopropyl carboxylic acid, a degree of substitution in the optimal conditions 
reaches sufficiently high values (Fig.2, curve 2). In carrying out of the esterification in the 
conditions of Schotten-Baumann a degree of substitution is below (Fig. 4 b). This phenomenon 
is explained by fall of substitution rate at certain stages of the reaction.  
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 An availability of ester prepared as a result of esterification of PVA with chloranhydride 
of vinylphenylcyclopropyl carboxylic acid, multiple С=С bond, cyclopropane ring and carbonyl 
group in the side chain of macromolecule favors participation of these groups in the structuring 
process, which enables to use this polymer as photoresists of negative type.   

The peculiarity of the structure of the prepared polymer, namely an availability of groups 
(phenyl, multiple carbon-carbon bond, carbonyl, cyclopropane) very sensitive to UV irradiation 
should give a very high photosensitivity to the polymer. The study of structuring process of 
modified PVA was carried out by action of UV-irradiation on polymer film. It has been 
established on the basis of IR-spectroscopic investigations before and after irradiation that the 
photo-cross-linking process occurs with participation of the indicated photosensitive groups in 
macrochain. Under action of UV-irradiation the polymer loses solubility in the various stages of 
UV-irradiation.  

Depending on irradiation duration (25-30 min.), the intensity of maxima of the absorption 
bands characteristic for cyclopropane ring, carbonyl group and a multiple C=C bond falls 
considerably, which indicates their participation in the structuring process of the modified PVA. 
It has been revealed that the compositions of the negative type are 10-20% solutions in toluene, 
xylene and trichloroethylene without content of sensitizer. The appearance of the photoresist, i.e. 
the removal of non-cross-linked areas of the exposed layer, is produced by trichloroethylene or 
its mixture with isopropyl alcohol. The cross-linked modified polymer layers are very resistant in 
aggressive media practically on any substrate, which stipulates their successful use as 
photoresists for several years.   

The photosensitivity of the modified PVA is 47-50 cm
2
/J. The highest yield of the polymer 

ester is reached at concentration of PVA 1.0 mol/l, content of chloranhydride – 1.2 mol/l and 
duration of the process for 1 h.   

Experimental Part 
An interaction of polyvinyl alcohol (PVA) with chloranhydride of vinylphenylcyclopropyl 

carboxylic acid is accompanied by formation of the polymer with various links containing 
fragments of vinyl alcohol, cyclopropane ring and vinyl group in combination with carbonyl 
group in the side links. 

In work (PVA) prepared by alkaline saponification with residual molar content of acetate 
groups 0.72 % and a molecular weight of 56000 was used. Chloranhydride phenylcyclopropane 
acid was prepared by interaction of the corresponding acid with excess of thionyl chloride [11]. 

The photochemical polymer structurization was carried out as follows: there have been 
firstly made 2-10% polymer solutions. Then, by a method of centrifugation at 2500 rev/min, the 
films were applied on a glass substrate (K-8) with size of 60x90 mm. The thickness of the 
prepared film-resists was measured by a microinterferometer “LINNIKAMII-4”. The thickness 

of resist layer after its drying for 10 min., at room temperature and for 20 min., at 40-45C/10 
mm merc.c., was 0.15-0.20 mcm. As a source of UV-irradiation it was used the mercury lamp 
DPT-220 (current strength 2.2 А, distance from radiation source – 15 cm, mobile shutter rate of 
exponometer – 720 mm/h), exposition time – 5-20 sec. The insoluble polymer content was 
calculated by weight of residue. 

The IR-spectra of the copolymer were registered on apparatus “Agilent Cary 630 FTIR” in 
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thin layer, the PMR-spectra – on specftrometer BS-487B Tesla (80MHz) in the solution of 
deuterated chloroform. 

Conclusions 
The modified polymer containing hydroxyl, carbonyl, cyclopropane group in macrochain 

has been synthesized by esterification reaction of polyvinyl alcohol by chloranhydride of 
vinylphenyl cyclopropane acid and its composition and structure have been established.  

It has been revealed that the synthesized polymer possesses photosensitivity of order   47-
50 cm

2
/J and can be used as a photosensitive base of resists of negative type. 
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