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Sammanfattning 

I det här arbetet undersöks möjligheterna till att polymerisera vinylalkohol med nedbrytbara 

esterbindningar i huvudkedjan. Bakgrunden till detta är att polyvinylalkohol, liksom andra 

radikalpolymeriserade material, är utbredda kommersiella polymerer vars framtida användning skulle 

kunna förbättras om nedbrytbarheten förbättrades. Med andra nedbrytbara polymerer som grund kan 

det antas att en snabbare nedbrytning kan uppnås genom att infoga nedbrytbara bindningar, så som 

esterbindningar, i huvudkedjan. För att uppnå målet har syntes av en ny monomer, metylendioxepan, 

utförts. Syntesen har följts med NMR och utbytet från reaktionerna har beräknats och sammanställts. 

Bland resultaten ses att en lyckad sampolymerisation har skett mellan vinylacetat och metylendioxepan 

vid kompositionerna MDO/VAc; 30/70, 50/50, 70/30 mol%. Reaktionstiden bestäms utifrån 

kinetikstudier till 3-4 timmar för att uppnå en omsättning som överstiger 90 % under förhållandena 60°C 

och 5 mol% AIBN som initiator. Detta följs av hydrolys med två metoder; metanolys och lipas hydrolys. 

Resultaten visar att klyvning av kedjor sker vid metanolys men inte med lipas hydrolys. Dessutom dras 

slutsatsen att det är möjligt att hydrolysera sampolymeren polyvinylalkohol-co-ε-caprolakton med hjälp 

av lipasenzyment Candida Rugosa.



 
 

Abstract 

The commercial field of radical polymerized polymers, such as polyvinyl alcohol, is very broad partly 

because they are easy to polymerize and cheap. One aspect that could improve their commercial range 

is to enhance their degradation rate. As the environmental aspect of polymers grows bigger an 

enhancement of biological degradation is a great improvement. This thesis deals with the prospect of 

polymerizing polyvinyl alcohol with degradable linkages in the main chain. In order to achieve the aim 

the monomer 2-methylene-1,3-dioxepane is successfully synthesized and characterized. The synthesis is 

followed by copolymerization of 2-methylene-1,3-dioxepane with vinylacetate at the feed compositions; 

30/70, 50/50, 70/30 mol% respectively. The copolymerization was successful and reached over 90% 

conversion at the reaction time 3-4 hours with the conditions 60°C and 5mol% 2,2-Azobis(2-

methylpropionitrile) as initiator. The copolymerization is followed by hydrolysis with potassium 

hydroxide or Candida Rugosa Lipase. The results show that chain scission occurs when the polymer is 

hydrolyzed by potassium hydroxide but not by lipase. There is also a tendency toward hydrolysis of the 

chain with lipase.
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2. Introduction 
The use of commercial polymers is increasing and researchers all over the world are looking for new 

application areas and modifications of the vast variety of chemical structures. It is well known that the 

properties of a material are very dependent of the chemical structure and composition.  Some of the 

existing commercial polymers on the market have come to a place where the change of the chemical 

structure can lead to an extended application area. There are many ways to change the properties of 

materials. Changes can be achieved by adding additives or by blending two different materials, another 

way is by changing the chemical structure, through copolymerization of different monomers, or by 

chemically changing the structure after polymerization. For commercial polymers with an aliphatic 

backbone structure a good enhancement is the increase of degradability both in nature and for 

biomedical purposes. This can be achieved by copolymerization of the vinyl monomer with a 

biodegradable monomer or a monomer that gives rise to a biodegradable linkage in the structure. 

 

2.1. PolyVinyl Alcohol 
PolyVinyl Alcohol (PVA) was discovered in 1924 by Herrman and Haehnel as they mixed an alkali solution 
with a solution of PolyVinylAcetal (PVAc) and obtained an opaque solution 1. Due to the ability of PVA to 
crystallize it could be seen that the structure had changed since PVAc is not able to crystallize.  
 
Synthesis of PVA might be accomplished by many methods; the easiest method would be to polymerize 
vinyl alcohol. Unfortunately there is a problem with this approach, vinyl alcohol is a chemical substance 
that is very unstable. It is easily tautomerized into acetaldehyde, which is a very stable resonance 
structure of vinyl alcohol, see figure 1. 

 
Figure 1 -  tautomeric form of vinylalcohol 

Because of this other methods must be applied in order to produce PVA. The method that is used is to 
hydrolyze polyvinyl acetate (PVAc) into PVA, which implies a chemical modification of the acetate 
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groups leading to alcohol groups. Since this chemical modification often is uncompleted the name PVA 
can also be the abbreviation for the copolymer of vinylacetate and vinylalcohol, P(VAc-co-VA),  
see figure 2. 
 

 
Figure 2 – Polyvinylalcohol-co-vinyl-acetate 

 
An important aspect of PVA is that the degree of hydrolysis determines many of the mechanical 
properties that PVA possesses, for instance the tensile strength of 99% hydrolyzed PVA is 67-110 MPa 
and by only decreasing the hydrolysis degree with 10% the tensile strength is lowered to 24-79 MPa 2. 
Also according to Shalaby et al. (1991) the water solubility of PVA is strongly deteriorated as the 
hydrolysis degree is below 30 mol %3. Another important aspect that affects the mechanical properties 
is the molecular weight of the polymer. Commercially available PVA can be found in the molecular 
weight range of 30 000-200 000 g/mol, this is a low molecular weight for a radical polymer. It is 
explained by the fact that chain scission is very common due to the hydrolysis. 
 
The conventional way of hydrolyzing PVAc is by methanolysis, which consists of dissolving PVAc in 
methanol and thereafter adding a base or acid catalyst to the solution in order to hydrolyze the acetate 
groups into hydroxyl groups. By adjusting the time, temperature and pH strength of the methanolysis 
different degrees of hydrolysis can be obtained 4.  
 
PVA is a widespread coating industry polymer, it is commonly used as textile fiber coatings or as coatings 
for pills. Trademarks for PVA are, amongst others; Elvanol®, Gelvatol®, Vinol®, Poval®. 
 
PVA consists of an aliphatic backbone, see figure 2, this makes it slow to degrade. Carbon-carbon bonds 
require high amount of energy to break. As the polymer is used as coatings it is often rinsed of as a final 
step, this leads to waste water with high amounts of PVA. The waste water ends up in watercourses 
changing the environment. Studies have shown that in these streams PVA is not degraded by natural 
microbes. Biodegradation of PVA requires addition of not naturally reoccurring microbes 5. By inserting 
weaker bonds into the backbone structure the degradation time of the polymer can be shortened. This 
might open up for a new market for PVA.  

 

2.1.1. Biomedical applications of PVA 

PVA is due to its chemical properties and structure a suitable polymer for biomedical applications. The 

hydroxyl groups make it soluble in water and in body fluids. PVA is approved by the Food and Drug 
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Administration (FDA) in the United States which makes it applicable in biomedical areas. PVA is inert in 

the body and does not cause harmful immune responses. After entrance in the body it is dissolved and 

extracted by renal clearance6. Though a problem can occur with PVA, as it is further crystallized 

hydrogen bonds are generated between the chains making these parts harder to dissolve and harder to 

clear out of the body. These crystalline parts of PVA can give rise to immune responses, cause blood 

cloths and thrombosis or, in the worst case, act as projectiles in the blood system causing severe 

problems 2.  

There is another type of biomedical materials that instead of being rinsed out of the body are degraded 

in the body and the degradation parts are absorbed by the body and integrated into biochemical 

processes. These materials are fully biodegraded, also known as bioabsorbed. Examples of such 

polymers are poly(-ε-caprolactone) (PCL) or poly(-l-lactide) (PLLA) which are degraded into parts that 

later are absorbed into biochemical metabolic processes in the body such as the citric cycle or the 

glycolysis.  

By altering the chemical structure of PVA with for example ester linkages, more enhanced biomedical 
properties can be achieved, possibly even bioadsorption properties. 
 
The focus of this thesis lies in the incorporation of degradable bonds in PVA but there are several other 
radical polymerized biomedical polymers, with aliphatic backbone structure, that can acquire larger 
application areas and enhanced properties by insertion of degradable linkages in the backbone. 
Research is done in this area at the Albertsson group in order to develop new improved materials. 

 

2.1.2. Hydrolysis 

The only method to achieve PVA is by hydrolysis of PVAc. Figure 3 shows a schematic picture of the 
hydrolysis reaction.  
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When vinyl acetate is polymerized by radical polymerization backbiting and side chain reactions can 
occur, leading to a non linear polymer with side chains attached by ester linkages. When that structure 
later on is hydrolyzed by methanolysis, chain scission occurs deteriorating the mechanical strength of 
the polymer and lowering the molecular weight. Since this thesis deals with the prospect of inserting 
weaker linkages into the backbone it can be expected that the tough treatment of the methanolysis will 
degrade the polymer instead of only chemically modifying it. Therefore a more targeted way to 
hydrolyze PVAc is needed. A way of solving this would be by using lipase enzymes. These enzymes are 
part of the biological process that hydrolyses fat in order to release energy from the bonds. This 
happens e.g. in the digestive system of the human body. There are several different lipases that are 
suitable for the purpose of hydrolyzing PVAc but according to Chattopadhyay, S. et al (2003) the most 
suitable lipase for hydrolysis of shorter chains is the Candida Rugosa lipase7. It is a lipase that is known 
to hydrolyze shorter acetate bonds. It has a molecular weight of about 50-100 kDa (50 000-100 000 
g/mol) and a peak efficiency at around 60°C. The disadvantage with this approach is that this hydrolysis 
is also difficult to control. As the hydrolysis proceeds the polymer is further reduced into a polyketone, 
see figure 4, so a balance must be found to be able to control the process 8. 
 

 
Figure 4 – Schematic picture of the lipase hydrolysis reaction steps 

 

 

2.2. Radical Ring Opening Polymerization 
Ring opening polymerization (ROP) is a polymerization technique that utilizes the natural strain in cyclic 

carbon compounds for initiation of polymerization. The mechanism behind the reaction is complicated 

and involves stabilization of free radicals and chain strain evaluation. The initiation of the polymerization 

is often performed by some kind of ionic or coordination initiator. This requires a very inert and water 

free environment otherwise the polymerization can be terminated due to unopened rings or destroyed 

initiator. This restricts the technique to bulk or solution polymerization9. 

2.2.1. Polycaprolactone (PCL) 

PCL is one of the several commercial ring-opened polymers that exist on the market and has the 

advantage of being a FDA approved polymer. It is synthesized by ROP of ε-caprolactone. It is commonly 

used in biomedical applications due to its very good biocompatible properties. ROP of PCL has its 

drawbacks. For biomedical purposes stannous (II) ethylhexanoate (Sn(Oct)2) is often used as inititator 

for the reaction. It is a harmful chemical and its use can give rise to immunoresponses, therefore 

research has been done in minimizing the amount required for polymerization by Sn(Oct)2.10 an 

alternative way of polymerizing PCL is by using MDO, as described in next chapter.  
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2.2.2. 2-Methylene-1,3-DiOxepane (MDO) 

MDO is a ketenacetal that has lifted the field of ROP to a new level. It was first described by Bailey et al. 

in 1982; in this article copolymerization of MDO with several different vinyl monomers are investigated. 

By incorporating MDO into the structure through ROP degradability of common aliphatic radical 

polymers can be obtained. The structure of ringopened MDO is the same as of PCL. The mayor 

difference lies in the polymerization technique. The specific structure of MDO allows ROP and has no 

requirements of water free environment. The advantage lies in that all ingoing reactants can be weighed 

at room conditions and does not require glove box handling. The radical initiation also opens up for 

other polymerization techniques, such as emulsion polymerization. 

In order to implement new properties into known polymers copolymerization of different monomers 

can be used. There has been research made in the field of developing new monomers which can 

incorporate new functionality into existing polymers such as degradability, ability to crosslink and 

modifications of hydrophilicity amongst others. By incorporating esterbonds into the structure of PVA 

further degradability can be achieved 11.  

The synthesis of MDO has been documented in the article of Bailey et al. It includes two main steps; 

firstly a ring-closing step of 2-bromo-1,1-dimethoxyethane and 1,4-butanediol leading to product 1, see 

figure 5, this is followed by vacuum distillation. Afterwards product 1 is dehydrogenized with help of 

potassium tert-butoxide leading to the final product that is MDO, see figure 6.  

 

Figure 5 - first step in MDO synthesis leading to product 1 

 

Figure 6 - final step in MDO synthesis leading to MDO 

 

2.3. Copolymerization of MDO by radical ROP 
Earlier copolymerizations of MDO have been performed by Bailey et al. the copolymerization of MDO 
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and VAc has earlier been studied resulting in a 52% yield with 100% ringopening of MDO with the 

initiator AIBN used. The reaction time was according to the study 48 h at 50°C. The type of copolymer 

achieved by copolymerization of VAc and MDO will later on determine the properties of the copolymer 

but also the size of the eroded oligomers. This can determine whether the formed copolymer is 

appropriate for biomedical use or not. Another important aspect of the copolymerization is whether the 

MDO has fully ring opened or not since the segments incorporated into the backbone will not be ester 

linkages if it fails to ring open. The mechanism for the copolymerization of VAc and MDO can be seen in 

figure 712. 

 

 

Other copolymerizations besides with VAc have been studied, this due to the fact that there are several 

There are several more polymers that are biocompatible but with low degradation rate due to their 

aliphatic backbone structure. The copolymerization of MDO with biocompatible radical polymers opens 

up for a field of new materials yet to be discovered and characterized. The future for these polymers can 

broaden the use of new materials in the medical field. 

 

2.4. Aim of study 
To extend the use of polyvinyl alcohol (PVA) it is desirable to modify the structure and make it 

degradable into parts that can be handled by the human body.  This report will deal with the subject of 

analyzing the prospects of making a biodegradable PVA. In order to make it biodegradable it might be a 

good start to incorporate weaker bonds into the main structure, as can be seen in figure 7. An example 

of this would be to incorporate esterbonds into the backbone. Incorporation of esterbonds can be made 

by copolymerization of VAc with a ketenacetal, see figure 7. The acetal in question will be 2-methylene-
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1,3-dioxepane (MDO). Following the studies of Plikk, P. et al (2009) and Bailey, W. J. et al (1982) recipes 

for the synthesis of the monomer MDO have been collected.  This is later followed by hydrolysis to 

achieved P(VA-co-CL) 11,13. 

3. Experimental 

3.1. Materials 
Vinyl acetate (Sigma-Aldrich) was vacuum distilled before use. 1,4-butanediol (Sigma-Aldrich), 

bromoacetaldehyde dimethyl acetal (Sigma-Aldrich), Aliquat 336 (Sigma-Aldrich), Dowex 50 (Acros 

Organics), potassium tert-butoxide (Sigma-Aldrich), hexane (LabScan), methanol (BDH), Candida Rugosa 

Lipase (Sigma Aldrich), potassium hydroxide (Sigma-Aldrich) and anhydrous tetrahydrofuran, THF, 

(LabScan) were used as received. 

3.2. Synthesis of MDO 
The synthesis path follows a two step reaction. First a solution of equimolar amounts of 

bromoacetaldehyde dimethyl acetal and 1,4-butanediol are heated to 115°C with Dowex 50, a proton 

transfer agent. The by-product, methanol, is extracted from the reaction. The reaction proceeds for 3 

hours. The product is then vacuum distilled at 120°C. The extract is kept at 0°C and dissolved in Aliquat 

336 and anhydrous tetrahydrofuran (THF). The solution is later reacted further with potassium tert-

butoxide added slowly and in excess and kept under cooled conditions in an ice bath for three hours. 

The final product step is favored at low temperatures and in order to prevent unwanted side reactions 

the potassium tert butoxide is added very slowly during the first hour of reaction. The final product is 

vacuum distilled from the last step by using liquid nitrogen as a cold trap. This step gives a mixture of 

both MDO and THF which is later rotary evaporated at room temperature leaving the final product, see 

figure 5.  

The yield of the reaction is calculated at three points; first after the first step, equation 1, then after the 

second step, equation 2, and finally for the overall reaction, equation 3. 

                  
               
                  

 
       

                  
 

EQ 1 

            
         
       

 
EQ 2 

                  
    

                  
 

      

                  
 EQ 3 
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3.3. Polymerization 
Before polymerization the reaction mixture undergoes a three thaw freezing cycle in liquid nitrogen to 

remove impurities, the freezing thaw cycle is ended with inert Argon gas. Three different bulk 

polymerization blends are made; 30/70; 50/50; 70/30 mol% of MDO/VAc all at 60°C with the initiator 

AIBN at the amount of 5 mol%. The kinetics is measured by taking aliquots along the polymerization 

time, graphs of the kinetics are found in the result section. The conversion of the monomers is 

calculated with help of the integrals from H-NMR spectrums of the aliquots according to equation 4. 

                     
        

        
  where I is the Integral in the NMR spectrum EQ 4 

After the kinetic of the polymerization is determined the final polymerization time is set. Three bulk 

polymerizations are made at the determined time. The conversion of these is also calculated by 

equation 4. Furthermore the coupling constant for PVAc and PCL is calculated according to equation 5, 

this is also based on the H-NMR spectrums. 

                  
              

        
 

EQ 5 

 

 

3.4. Hydrolysis 
Hydrolysis is made by both alkali hydrolysis and lipase hydrolysis with the enzyme Candida Rugosa 

Lipase and follows the article of Chattopadhyay, S. et al7. The three batches of bulkpolymerized P(VAc-

co-MDO) are dissolved in chloroform (10 kg/m3) in round-bottomed flasks equipped with magnetic 

stirrer and sealed with septum.  All copolymers are divided into two batches of 5 ml polymer solution. 

Three of the solutions are treated with lipase (0,01 g in 5 ml), the others are treated with 0,1 M KOH  

dissolved in methanol. All solutions are heated in an oil bath at 60°C and stirred with a magnetic stirrer 

at 200 rpm. Aliquots of 0,2 ml are taken at chosen intervals and dried in order to remove the solvent. 

SEC and FT-IR analysis are performed on all samples. 
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According to Lambert-Beers law, equation 6, the concentration of a compound can be determined by 

analyzing the absorption of light of a compound, using FTIR. By correlating the carbonyl peaks (at about 

1730 cm-1) to the aliphatic peaks (at about 1375 cm-1) in the polymer and comparing the amount of 

carbonyl along time, a hint of how the hydrolysis process proceeds can be achieved. This is done 

according to equation 7. To calculate the change in accordance to time, equation 8 is used. 

         

A=absorbance; ε=molar absorptivity; b=thickness of sample; c=concentration of compound 

EQ 6 

              
    
     

 
EQ 7 

                    
             
             

 
EQ 8 

Aliquots are taken for SEC analysis in order to determine the eventual degradation of the polymer by the 

hydrolysis. These results can be seen in the result section. 

 

3.5.  Equipment 
For NMR analysis Bruker Advance DPX-400 Nuclear Magnetic Resonance Spectrometer equipped with a 

BBFO probe, Z-gradient coil, and ATM unit (Auto-Tuning and Auto-Shimming) has been used. Samples 

have been prepared by being dissolved in deuterated chloroform. 

In order to analyze the molecular weight, Size Exclusion Chromatography (SEC) has been used. It is a 

method that measures the hydrodynamic volume of the polymer and separates it accordingly. The 

retention time in the SEC is measured and compared to polystyrene standards of known molecular 

weight. This implies that it is not an absolute measuring technique but it shows if the sample has chains 

and in what range the molecular weight might be. The samples for SEC-analysis are dissolved in THF 

stabilized with toluene at the concentration 2-3 mg/ml. 

For FTIR analysis Perkin-Elmer Spectrum 2000 FT-IR Spectrometer has been used, at the spectra of 500-

6000 cm-1 with 16 scans. The analysis was performed with a Golden Gate ATR device and the samples 

were dissolved in THF as for the SEC analysis. 
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4. Result and Discussion 

4.1. MDO synthesis 
Monomer synthesis was made according to the recipe described earlier in the method section. Reaction 

was followed by NMR, see figure 8 and 9. 

 

 

Proton δ (ppm) 

1 3,65 

2 4,89 

3 3,91 and 3,94 

4 1,68 

Bromoacetaldehyde 4,64 and  
3,36–3,31 

Butanediol 3,52 

Figure 8 – 1H-NMR peak assignment of step 1 in the reaction 

 

 

Proton δ (ppm) 

1 1,11 

2 3,60 

3 1,72 

Figure 9 – Peak assignment of 1H-NMR of step 2 in MDO synthesis, solvent CDCl3 

As can be seen in figure 9 a very clean product is achieved after rotary evaporation and ring closure of 

MDO can be concluded after peak assignment in the NMR spectra. 
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Thirteen batches of the monomer MDO were made. The yields of the syntheses are presented in table 1. 

Initial batch size was set to 35 g bromoacetaldehyde, batches marked with * are of the initial batch size 

of 55 g bromoacetaldehyde. 

Table 1 – yield results for MDO syntheses calculated according to eq. 1-3 

Batch name Yield MeOH Yield step 1 Yield step 2 Total Yield 

A 80,3% 81,0% 7,8% 6,4% 

B 84,5% 41,3% 7,9% 0,4% 

C 74,2% 7,6% -- -- 

D* 81,3% 14,7% 7,2% 1,1% 

E* 76,2% 14,2% 5,3% 0,8% 

F 79,6% 47,8% 14,4% 6,9% 

G 92,8% 86,0% 3,8% 3,2% 

H 87,2% 48,2% 3,8% 1,8% 

I 90,0% 41,6% 11,0% 4,6% 

J 70,2% 38,6% 10,5% 4,1% 

K 83,0% 44,9% 3,0% 1,4% 

L* 86,0% 47,7% 1,8% 0,9% 

M* 75,9% 50,9% 17,2% 8,7% 

 

As can be seen in table 1 the final yield of the synthesis is very low and the major loss is found in the 

final reaction step. This can be explained by the fact that there is a competing reaction in the final 

reaction step. Also by looking at the results from batch A and G it can be seen that although a high yield 

is achieved in the first step the final yield is still very low which is another proof of that the final step in 

the reaction is crucial for the total yield outcome. Another reason, besides of the competing reaction, 

for the low yield might be that the final extraction of the product is hard to perform practically. The 

resulting slurry is very viscous and as it is distilled further a crust is made that prevents further 

extraction. In the final batch (M) the mixture was shaken vigorously in order to remove the crust which 

can be a reason for the higher yield in that specific batch. Results from the batches marked with a * do 

not show an increased yield or any other significant differences from the syntheses of smaller batch size.  

From the result in table 1 and NMR analysis, conclusions can be drawn that successful synthesis of the 

monomer MDO have been made. Also the conclusion that the yield of the monomer synthesis is very 

low can be drawn. This implies that the further investigation on MDO synthesis would be profitable for 

the usage of this monomer in future polymer synthesis. An improvement might be to enhance the 

stirring in the final step to make sure that as much monomer as possible is extracted, it might be good to 

have mechanical stirring instead of magnetic stirring. It can also be concluded that a bigger batch size 

does not result in a higher yield. 
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4.2. Copolymerization 
In order to find the optimal polymerization time kinetic studies of the copolymerization between VAc 

and MDO was performed. This was followed by measuring the conversion in accordance to VAc and 

MDO, see figure11-12, and by measuring the chain length Mn (SEC). These results can be seen in figure 

13.  

 
 

Proton δ (ppm) 

1 4,93 

2, coupling 2,58 

3 4,06 

5, 9, VAc 2,05-1,85 

6, 7, 8 1,85-1,29 

VAc 5,24 

MDO 3,06 and 3,49 

Figure 10 – H-NMR of 50/50 MDO/VAc after 4 hrs of polymerization, assignment in accordance to numbers. 

4.2.1. Kinetics 

The results of the kinetics measurements are found in the figures below. The conversion has been 

calculated according to equations 4 and 5. As can be seen in figure 11 and 12 high monomer conversion 

is achieved after approximately 4 hours. 

 

Figure 11- conversion of VAc measured by NMR analysis, comparison of VAc peak and polymer peak according to eq 30/70 
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Figure 12– conversion of MDO calculated by H-NMR analysis, comparison of MDO peak and polymer peak according to eq 

30/70 50/50 70/30 

 

Figure 13 - conversion measured by SEC, 30/70 50/50 70/30 

In figure 13 the increase in molecular weight for the copolymerizations can be followed. Here it can be 

seen that high molecular weights are achieved faster than the high conversion is achieved, which is 

usual for a typical radical polymerization. After prediction of the optimal polymerization time, clean 

batches of the polymers were made at the before given reaction parameters. From this it can be seen 

that the copolymerization has been successful and that high molecular weight have been achieved, 

figure 10 is from a the batch polymerization 50/50 MDO/VAc. Also conclusion can be drawn that the 

optimal copolymerization time differs between the different feed and the copolymerization time can be 

set to 3 hrs for 30/70; MDO/VAc and 4 hrs for the two batches 50/50 and 70/30. 
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4.2.2. Bulk polymerizations 

The coupling peak in the NMR (δ=2,58 ppm) in figure 10 shows that MDO has been coupled with VAc. 

The SEC result shows that high molecular weights have been reached. Table 2 shows conversion and 

molecular weight for the batch bulk polymerizations. 

Table 2- result from bulk polymerizations 

Monomer composition (MDO/VAc) 30/70 50/50 70/30 

Conversion VAc 94% 96% 92% 
Conversion MDO 88% 90% 89% 
Coupling MDO 38% 60% 72% 
Coupling VAc 107% 108% 82% 
Mn 13 000 10 000 13 000 
Mw 46 000 36 000 60 000 
PDI 3,5 3,6 4,5 
Reaction time 3 hrs 4 hrs 4 hrs 
 

High molecular weights have been achieved for all batches of bulk polymerizations. By analyzing the 

NMR (showing over 90% monomer conversion) and SEC (high molecular weights) results, conclusion can 

be drawn that a successful copolymerization has been achieved between MDO and VAc at the different 

monomer feeds.  

4.3. Hydrolysis 
The hydrolysis has as aforementioned been measured by both FT-IR and by SEC. Figure 14 shows the 

difference between a hydrolyzed PVA and PVAc. In the figure the strong carbonyl peak at 1729,58 and 

1713,52 cm-1 decreases and the broad hydroxyl peak (C=O) at 3270,75 and 3445,41 cm-1 increases, this is 

typical for PVAc hydrolysis.  
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Figure 14 – example of FTIR on alkali hydrolysis of PVAc, carbonyl peak is decreased and hydroxyl peak is increased, purple 
line is PVAC and turquoise line is PVA. 

In the following two sections the correlation between the indicated bonds and the CH2 bonds in the 

main chain are calculated, according to eguations 6-2. The darker graphs show the molecular weight 

value determined by SEC. The numbers are the polymer composition in the monomer feed (MDO/VAc). 

Also the results of the different hydrolysis methods are discussed. 
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4.3.1. Methanolysis 

 

Figure 15 - comparison of molecular weight and C=O bond change in methanolysis 

In figure 15 a big decrease in molecular weight can be observed, although the carbonyl decrease is hard 

to see. This implies that chain scission might have occurred. Other influences on the results might come 

from the fact that the FTIR analysis is performed in solvent (THF) and that there may be residues from 

the hydrolysis left in the samples. 

In figure 16 the result from the FTIR analysis of the 50/50 polymer in both alkali and lipase hydrolysis is 

shown.  
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Figure 16 – FTIR results after 3hrs for both lipase (blue line) and alkali (black line) hydrolysis, the green line is PVAC-co-MDO. 

Here it can be seen that although the hydroxyl group has increased the carbonyl peak has not decreased, 

on the contrary it has also increased. This might imply that the hydrolysis reaction has gone too far and 

follows the example in figure 4 where the hydrolysis leads to a polyvinyl ketone. 

 

4.3.2. Lipase hydrolysis 

When it comes to the lipase hydrolysis the results are even more inconclusive. Here, no trend can be 

seen when it comes to the FTIR results and no larger change has occurred in the SEC results. This can be 

seen in figure 17. An explanation for these results might be that the samples are too weak to be 

analyzed by FTIR. On the FTIR results absorbencies of only up to 10 % have been reached, which is very 

low. At these low concentrations other factors can give bigger impact to the final result, leading to a 

more uncertain outcome. Despite this it can still be argued that there are tendencies toward a 

successful lipase hydrolysis. By looking at figure 17 it can be seen that after 1 hour there is a decrease in 

carbonyl groups for two of the three polymers. This might imply that there has been a hydrolysis though 

there hasn’t been any significant increase in the hydroxyl group, which can be seen in figure 18.  
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Figure 17 - comparison of molecular weight and C=O bond change 

 
Figure 18 – FTIR results of lipase hydrolysis, notice the decrease in C=O bonds after 1 hour, purple line is the PVAc-co-MDO 
and the turquoise line is after 1 hour of lipase hydrolysis  
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5. Conclusion 
From this thesis conclusions that can be drawn are that a successful synthesis of the monomer MDO has 

been accomplished and the polymer PVAc-co-MDO-co-VA has been synthesized. A successful 

copolymerization of VAc and MDO at three different monomer feeds has been achieved. The reaction 

kinetics has been established after H-NMR analysis and SEC analysis. The reaction times for the different 

copolymerizations have been set to 3 hrs for 30/70 and 4 hrs for 50/50 and 70/30, MDO/VAc , and bulk 

polymerizations have been successfully polymerized according to them. The results from the hydrolysis 

test lead to the conclusions that chain scission occurs with methanolysis but not with lipase hydrolysis. 

Also a trend towards successful lipase hydrolysis of the chains can be observed and concluded. 

5.1. Future work 
There is much more to be done in this field, for starters finding a more improved synthesis for the initial 

monomer MDO would help a lot in the work of testing the polymerization properties and the 

polymerization reactivity of the monomer. Larger polymer batches can be achieved by improving the 

synthesis of the monomer. An improvement idea for the monomer yield is to improve the stirring in the 

final step in order to get a more efficient extraction from the last synthesis step. 

In order to polymerize MDO with VAc several techniques can be applied. The most important factor will 

be to make sure that the final product of the copolymerization has bonds that are stable enough to 

surpass the hydrolysis in the backbone. In the literature the controlled radical copolymerization of VAc 

has been studied, leading to the question whether MDO –co-VAc can be controlled by any of the 

methods considered. The ability to control the copolymerization of MDO and VAc could lead to more 

enhanced properties of the copolymer and also to a more defined backbone structure without branches 

which can facilitate the later on hydrolysis of the copolymer into poly-MDO-co-VA. 

If in the future a P(MDO-co-VA) were to be successfully synthesized it will be of high interest to evaluate 

the mechanical properties of the material. Also the mechanical testing’s of the pre polymer P(MDO-co-

VAc) is of high interest. For the future further investigation in the field of enzymatic hydrolysis is of high 

interest, due to the specificity of many lipases.  

After accomplishing a new material, degradation studies of the final polymer is good for sustainability 

reasons. In order to justify further investigation on the copolymerization of MDO with other vinyl 

monomers it is important to investigate whether the degradability actually is improved by the insertion 

of ester linkages to the backbone. It is also of high interest to further investigate copolymerization of 

MDO with other biomedical and slowly biodegradable monomers in order to extend their application 

areas and enhance their properties. 
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