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1. Introduction 

 
The traditional non-fibre fields of application of poly 

(vinyl alcohol) (PVAL) take the advantage of PVAL solu-
bility in water � this is important to large-scale industrial 
processes where using different solvent than water would 
prohibitively increase the costs of production. These tradi-
tional fields of PVAL application include e.g.: paper pro-
duction and/or coating, warp sizing, adhesives and protec-
tive colloids, films and other. 

Chemical modification of PVA further widens the 
field of PVA application. Modified grades of PVAL are 
used for laminating films for safety glass, special purpose 
inkjet printing media, (photo)resist systems, membranes, 
gels for bioengineering applications etc. 

In our experimental work, we used 2 types po PVAL 
together with 5 types of modifying agents to prepare modi-
fied PVAL bearing lateral photopolymerisable moieties. 
We expect these photo-cross-polymerisable polymers to be 
potentialy useful for a number of conventional applications 
(water developable photorezists, hydrophilic gels) as well 
as the design of �smart� inkjet recieving layers which 
could be fixed by radical UV-curing process. 

 
 

2. Experimental 
 
PVAL was modified by five modifying agents: 

− maleic anhydride (I),  
− methacrylic acid (II),  
− glycidyl methacrylate (III),  
− N-methacryloyl-N-methyl-aminoacetaldehyde di-

methyl acetal (IV), and  
− methaycryloyl-glycidyl-aminoacetadelhyde dimethyl 

acetal (V).   
 

2 . 1 .  M o d i f y i n g  A g e n t s  S y n t h e s i s  
 
Compounds I�III  were simple commercially avail-

able modifying agents supplied by Fluka and were used as 

recieved. Compounds IV and V were synthetized by the 
authors. The purpose of using these particular coumpounds 
was to prepare modified grades of PVAL with varying 
lenghts of spacer joining the polymerisable endgroup to 
the macromolecular backbone. 

Agent IV was sythetized as follows: Pyridine 
(0.8 mol) was mixed with absolute ether (500 ml) and the 
mixture was cooled to 0 °C. Methacryloyl chloride 
(0.8 mol) was added dropwise over the course of 1 hour. 
White precipitate of methacryloyl pyridinium chloride was 
formed quantitatively. 

The precipitate was stirred vigorously at 0 °C and the 
solution of N-methyl-aminoacetaldehyde dimethyl acetal 
(0.8 mol) in absolute ether (500 ml) was very slowly added 
over the course of 2 hours. During this period the color of 
the precipitate changed to bright yellow. The yellow pre-
cipitate of IV was filtered, washed with cold hexane and 
dried. The precipitate turned into orange oil as the hexane 
evaporated. The oil was then extracted with water. The 
content of C=C in the aqueous extract was determined by 
UV spectrometry (see method description below) and the 
yield was 65 %. Finally, the concentration of the extract 
was adjusted to 1 mol l�1 and the aqueous extract solution 
was used for PVAL modification. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Agent V was synthetised in the following way: III 

(1 mol) was mixed with hexane (400 ml) and the mixture 
was cooled to 0 °C. 4 ml of sulphuric acid were slowly 
added dropwise. Aminoacetaldehyde dimethylacetal 
(1 mol) was added dropwise over the course of 1 hour. 
Pinkish sticky precipitate of V formed first, later changing 

Figure 1. Synthesis of IV 
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into a reddish oil. The mixture was stirred vigorously at 0 °C 
for another hour.  

The reddish oil was separated, washed with hexane 
and separated again. The oil was then extracted with water. 
During the extraction the aqueous phase dissolved the 
product V and organic phase contained hexane and the 
reaction residues. The content of C=C in the aqueous 
phase was determined by UV spectrometry and the yield 
was 58 %. Finally, the concentration of the extract was 
adjusted to 1 mol l�1 and the aqueous extract solution was 
used for PVAL modification. 

 
 

2 . 2 .  M o d i f i c a t i o n  o f  P V A L  
 
I seemed to be useful modifying agent for PVAL. The 

strained anhydride ring can be opened and one of the 
emerging carboxylic groups used for PVAL esterification. 
We used the catalytical effect of tertiary amine for PVAL 
esterification1. 

The samples were prepared in the following way: 
20 g of PVAL (appr. 0.4 mol of vinylalcohol monomeric 
units) was dissolved in 100 ml DMFA and 50 ml DMSO at 
95 °C. After complete dissolution of PVAL, the temperure 
was dropped to 70 °C. Then the desired amount of I was 
added and let to dissolve. After its dissolution, 1 wt.% 
(relative to the amount of I) of the catalyst (DMAP) was 
added. Upon the addition of the catalyst, the solution 
changed color to deep brown. After 1 hour the mixture was 
let to cool down to room temperature. Then it was diluted 
with 50 ml of deionised water and modified PVAL was 
precipitated in ethanol. The precipitate was cut into fine 
pieces in a liquidiser and washed twice with ethanol and 
finally with acetone. Washed product was dried till con-
stant weight and ground into fine yellow to brown powder, 
depending on the amount of malec anhydride used.  

Preliminary test proved the modification and modi-
fied PVAL was susceptible to radical crosspolymerization. 

However, the maleinized PVAL showed one significant 
drawback: upon the exposure to elevated temperature 
(above 60 °C), maleinized PVAL insolubilized. This pro-
cess is beleived to be caused by the esterification reaction 
of the free carboxylic group of maleic moiety with a hy-
droxyl group of another PVAL macromolecule. Because 
of this problem, maleinized PVAL was not used for further 
experiments. 

II: In order to modify PVAL, we adopted the basic 
catalylic route to open the epoxide ring. During the course 
of base-catalysed ring opening, the alkoxy anion attacks 
the less substituted carbon atom of epoxide group more 
preferably, leading to substitution at second carbon posi-
tion2. 

The samples were prepared in this way: 20 g of 
PVAL (appr. 0.4 mol of monomeric units) was dissolved 
in 100 ml DMFA and 50 ml DMSO at 95 °C. After com-
plete dissolution of PVAL the temperature was dropped to 
70 °C. Then the desired amount of II was added dropwise 
to prevent PVAL precipitation. Then 5 ml of methanolic 
KOH solution (5 g / 100 ml) were added in the same way. 
Upon the addition of KOH, the solution changed color to 
deep yellow and a smell of methacrylate was detected. 
After 1 hour the mixture was let to cool down.  Then it 
was diluted with 50 ml of deionised water and modified 
PVAL was precipitated in ethanol. The precipitate was cut, 
washed and dried in the same manner. 

III: Surprisingly, methacrylic esters of PVAL can not 
be prepared by esterification reaction with some reactive 
methacrylating agents, such as methacryloyl chloride. All 
attempts to do so were unsucceful3. Neither our experi-
ments with methacryloyl pyridinium chloride lead to the 
sought product. Therefore, the polymer-analogous equilib-
rium esterification reaction with methacrylic acid was 
adopted4, although the difficult PVAL dissolving and slow 
equilibrium establishment represented significant techno-
logical challenges. 

PVAL (appr. 0.4 mol of monomeric units) was added 
to 0.8 mol of acetic + methacrylic acid mixture in various 
ratios and to 0.8 mol water. The mixture was stirred in 
a waterbath at 95 °C until all PVAL dissolved. Then the 
temperature was dropped to 40 °C. Then 5 ml of concen-
trated HCl was added. The mixture was continuosly stirred 
for 76 hours, during which the color shifted to light yel-
low.  Esterified PVAL was precipitated in hexane-aceton 
(1:1) mixture. The precipitate was cut, washed and dried in 
the same manner. 

IV: The dialkylacetal group can be conveniently used 
for the attachment of a wide range of lateral moieties to the 
PVAL backbone via transacetalyzation. This mechanism 
can be of course used for the atachment of methacryloyl 
group as well. The samples of modified PVAL were pre-
pared in the following way: PVAL (appr. 0.4 mol of 
monomeric units) was mixed with the desired amount of 
1 M aqueous solution of IV. Deionized water was added to 
150 ml and the mixture was stirred at ambient temperature 
till PVA dissolved. Then 30 ml of acetic acid and 8 ml of 
HCl was added. The mixture was continuosly stirred for 
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Figure 2. Synthesis of V 
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76 hours.  Acetalized PVAL was precipitated in ethanol-
acetone (1:1) mixture. The precipitate was cut, washed and 
dried in the same manner. 

V: The modification reaction of PVAL and V was 
carried out in the same manner as with IV. 
 
 
2 . 3 .  S a m p l e  P r e p a r a t i o n   

 
Modified PVAL was formed into thin and thick foils 

(20 and 100 µm) by evaporating aqueous solutions on PS 
Petri dishes. These foils were then used for FTIR spectra 
acquisition and contact angle measurements. We paid spe-
cial attention to contact angle hysterezis and measured the 
so called drop spreading curves, i.e. the dependacied of 
observed water droplet contanct angle on drop age. 

For crosslinking study, 5 wt.% aqueous solutions of 
PVAL modified grades  were mixed with varying amount 
of photoinitiator Irgacure 2959. Sensitized solutions were 
spin-coated onto anodized aluminum plates and dried at 
50 °C. Coated plates were cut into stripes approximately 
1 cm wide and these stripes were then exposed by UV 
radiation. The source was a medium pressure mercury-
vapor lamp Philips HPLN 125 W, whose glass coating 
with luminofor layer has been removed. The intensity was 
1.7 mW cm�2 and the exposure steps were modulated by 
varying exposure time. After the exposure, the plates were 
processed (see Table I for details) and step-wedge senzi-
tograms were produced. 

 
 

2 . 4 .  S a m p l e  A n a l y s i s  
 
The properties of other modified grades of PVAL 

were characterised by the following methods: 

− the modification process was qualitatively evaluated 
by FTIR spectrometry, 

− the content of photocrosslinkable moieties was deter-
mined by UV spectrometry, 

− surface properties were characterized by contact angle 
measurement, 

− resist properties were characterised by resist charac-
teristic curves, resist speed was determined and opti-
mum photoinitiator concentration range suggested, 

− thermal analysis was used to detect the changes in 
glass transition of modified PVAL. 
The extend of the modification, i.e. the conversion 

degree, was expressed as a molar fraction of monomeric 
units with attached polymerisable moiety. It was deter-
mined spectrophotometrically using the potassium per-
manganate method: Our approach is based on the oxida-
tion of organic compounds by permanganate. In aqueous 
solutions, permanganate ion acts as a powerful oxidizing 
agent, destroying most organic compounds. However, its 
reaction with double bonds is much faster that the cleavage 
of saturated systems. Spectrophotometric detection of the 
oxidation intermediates at 276 nm is possible. The reaction 
is time depending, therefore certain care must be taken 
during the analysis. We could detect two principal 
changes: 
− The absorbance at the region of about 550 nm was 

dropping to negative values. Since the permangate in 
the reference solution was left intact, the absorption of 
the reference solution did not change significantly. 
However, as the permanganate ions is analysed sam-
ple solution were gradually consumed for the oxida-
tion of double bonds present in the modified PVAL 
which was being analysed, its absorption in this re-
gion became lower than the absorption of the refer-
ence solution. 

− The absorbance at 280 nm region was increasing. The 
intermediate products of double bond oxidation 
strongly absorb in this region and thus can be de-
tected. 
IR spectra and contact angle measurements were per-

formed in a standard way using NICOLET® Impact 300 D 
and Contact Angle System OCA. Thermal analysis of se-
lected samples of modified PVAL was perfomed on the 
Shimadzu DSC 60 machine at a heating rate of 20 °C min�1. 

The optical densities of processed sensitograms were 
measured by spectrodensitometer XRite 518. Recorded 
data was averaged in Excel and exported into Origin, 
where the data was normalised and plotted into graphs. In 
order to obtain the characteristic curve, the Boltzman sig-
moidal growth curve was fitted to the normalized data. 
The calculated values of fitting constants were exported to 
Excel worksheet, where the resist speeds and/or resist con-
tast were calculated. 
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Figure 3. Modification of PVAL by transacetalization 

Table I 
Sensitogram processing sequence 

Step Agent, Temperature Time 

Developing water, 20 °C 30 s 

Drying warm air, 60 °C till dry 

Coloring 2 wt.% basic fuchsin, 20 °C 15 s 

Washing water, 20 °C 15 s 

Drying warm air, 60 °C till dry 
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3. Results 
 
The conversion degrees of modified PVAL 10-98 are 

given in Table II. It is evident that the reactive agents 
(such as II) have much better yield of modification reac-
tion that less reactive agents working by equilibrium reac-
tion (such as III). 

We found out that the introduction of lateral moieties 
featuring activated carbon-carbon double bond generally 
decreases the polymer�s hydrophility, making it less solu-
ble in water and increasing the water droplet contact angle. 
PVAL modified by methacryloyl-glycidyl-
aminoacetadehyde dimethyl acetal is an important excep-
tion � amino group effectively compensates the hydropho-

bic nature of methacrylate, making modified PVAL more 
hydrophilic. 

As far as the resits properties are concerned, we char-
acterised how the resist speed depends on both the concen-
tration of photoinitiator and the conversion degree. It was 
suggested that the optimal concentration of photoinitiator 
falls to the range of 2�4 wt.%.  When comparing the resist 
speeds of different modified PVAL, we can identify two 
general trends: (1) the resist speeds of sytems based on 
PVAL 8-88 have generally one stop lower speed than re-
sists based on PVAL 10-98. (2) resist speed seems to in-
crease with increasing lenght of lateral moiety attached to 
PVAL backbone. 

Ad 1): This difference in resist speed can be ex-
plained by the difference in solubility of PVAL 8-88 and 
10-98. Fully hydrolysed PVAL 10-98, although being 
more hydrophilic than PVAL 8-88, forms more intesive 
hydrogen bonding between neighbouring PVAL macro-
molecules, and therefore it is less soluble. On the other 
hand, PVAL 8-88 contains appr. 12 m.% of residual ace-
tate groups. These make it less hydrophilic, but at the same 
time prevent formation or long-range regions of hydrogen 
bonding, lower the crystalline fraction and thus improve 
the solubility. 

Ad 2): The interpolated resist speeds for a hypotheti-
cal system of 2 mol.% conversion degree and 2 wt.% of 
initiator concentration is given at figure 5. It is evident that 
the resist speed increases with increasing lenght of lateral 
moiety attached to PVAL backbone. This can be explained 
by two simultaneous effects resulting from the nature of 
the lateral moiety. As the lenght of the spacer chain con-
necting the methacrylate group to PVAL backbone in-
creases, so does the mobility of this reactive endgroup. 
More mobile moieties are naturally more reactive. Also, 
lateral moieties attached to any polymeric chain increase 
the polymer�s free volume and act as �internal dilutant�, 
resulting into a decrease in glass transition temperature 
and lowering the crystalline fraction of the polymer. These 
processes increase the overall chain mobility and thus in-
crease the probability of collision with a reactive centre. 
Naturally, bulkier moieties induce these effects more in-
tensively than small moieties. 

Thermal analysis showed another trend � modifica-
tion of PVAL leads to a more pronounced glass transition, 
but without significant influence on transition temperature. 
It seems that the fraction of amorphous phase increases 
with modification, which is supported by data from FTIR. 
Despite the fact that the cross-polymerization was per-
formed in a glassy state, appreciable photochemical speeds 
were obtained. 

 
 

4. Conclusion 
 
5 types of modified PVAL were succesfully synthe-

tized giving a wide range of samples with varying conver-
sion degrese. All samples were susceptible to photochemi-
cally induced radical cross-polymerization: upon UV ex-
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Figure 4. UV-VIS spectra of methacrylate-permanganate com-
plex 

Target 
modification 
[mol.%] 

Actual  
converion 
[mol.%] 

Target 
modification 
[mol.%] 

Actual  
converion 
[mol.%] 

I   II   

1 1.11 2.5 0.32 

2 2.02 5 0.63 

4 2.67 10 1.40 

8 3.41 20 2.70 

III   IV   

12,5 0.11 2.5 0.25 

25 0.53 5 0.65 

50 1.31 10 1.28 

100 2.08 20 2.51 

Table II 
Conversion degrees of modified PVAL 10-98 
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posure, aqueous solutions were converted into solid elastic 
gels while dry films were insolubilized. 

Synthetized grades of modified PVAL will be used by 
collaborating pre- and postgraduate members of our ex-
perimental team for further study. We plan to evaluated 
the possible utilization of these modified grades of PVAL 
for the design of UV-curable inkjet receptive layers. We 
also investigate the possible use of UV-crosslinked hy-
drogel particles as heterogeneous catalyst carriers.  

 
This work has been supported by a grant of M�MT ČR 
No. 1679/2004. 
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P. Dzik and M. Veselý (Fakulta chemická VUT 
v Brně, Brno): UV Crosslinkable Derivatives of PVAL 

 
Poly(vinyl alcohol) (PVAL) was modified by reaction 

with several methacrylating agents. Modified PVALs fea-
turing lateral polymerisable moieties with spacers of vary-
ing lenghts were prepared. When mixed with suitable radi-
cal photoinitiator and exposed to UV radiation, solutions 
of these polymers are converted into solid elastic gels, 
while dry layers are insolubilized. The properties of 
methacrylated PVALs were studied by FTIR, thermal 
analysis and contact angled measurement. The resist prop-
erties were evaluated � resist characteristic curves were 
recorded for various combination of crosslinkable group 
content and photoinitiator concentration. 
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