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Abstract 

     Polyacetal was synthesized from the reaction of Polyethylene glycol with 4- dimethyl 
aminobenzaldehyde. Polymer metal complex was synthesized by the reaction with Ag+; 
polymer blend with polyvinyl alcohol was synthesized solution casting technique. All 
synthesized compounds were characterized by FT-IR in addition to the antimicrobial activity. 
The FT-IR spectra indicate the formation of the polyacetal. The DSC results indicate the 
thermal stability regarding the synthesized polymer blends. The synthesized polyacetal, its 
metal complex and PA blend against four types of bacteria (gram+ve) Staphylococcus aureas, 
Bacillus subtilis and (gram –ve) Klebsiella pneumoniae, Escherichia Coli were evaluated. 
The results revealed that the polyacetal-Ag complex has the greater potential against all kinds 
of bacteria than polyacetal and polymer blend. 
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1. Introduction 
The microbial infections can be considered to be a high concern due to the fact that they 

are a major cause of morbidity, particularly in the health-care institutions, in which 
individuals are commonly more exposed [1,2]. Such a fact is mainly due to the persistence 
regarding the potentially pathogenic microbes (fungi, viruses, and bacteria) in different 
locations, like sanitation facilities, medical devices, textiles, health care products and systems 
of water purification [3,4]. Polyethylene glycol (PEG) is a synthetic material with a wide 
range of clinical applications, as its functions can be modified by regulating its physical and 
chemical properties of graft-related materials [5]. Polyacetal is considered to be one of the 
few materials with possible application in producing elements that increase the flow of blood 
in blood vessels (stents) and that slowly degrade in the body and release incorporated drugs. 
The most straight forward polycyclic acetal medical application, that is examined today. 
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 Uses material for manufacturing orthodontic brackets [6]. Polymer blends have been physical 
mixtures related to at least two polymers without/with chemical bonding between them. The 
aim related to the polymer blending is to achieve products which are commercially viable via 
unique properties or low costs in comparison to other approaches can provide [7]. The present 
research work polyacetal was initially synthesized by the reaction of PEG with N, N- 
dimethyl aminobenzaldehyde, polymer metal complex was prepared from the reaction of 
polyacetal with Ag and PVA added to form polyacetal-Ag /PVA polymer blend. The prepared 
polymer, its metal complex and the polymer blend were characterized and its biological 
activity was tested  . 

2. Experimental 
  Poly (ethylene glycol) M.W8000 has been purchased from HIMEDIA, also all the solvents 
and reagents have been purchased from BDH and utilized without any purification. 
2.1 Synthesis of PEG poly cyclic acetal [8] 
  PEG (0.1875mmol) has been dissolved in (25mL) DMSO at 50°C and added with mixing, 
the solution has been mixed in (250mL) round bottle benzene and ethanol with ratio 80:20 
with two drops of HCl conc. After that, the aldehyde (1.2 g ,1 mmol) of (4-
dimethylaminobenzaldehyde) was added to a solution, and stirred magnetically at 50°C for 
24h, the resulting mixture has been neutralized by adding two drops of NaOH (5N) solution. 
The crude product has been washed with the acetone then distilled water many times. The 
products have been dried at a (40°C) for a period of 12h. Synthetic route related to target 
compounds demonstrated in Figure1. 
 

 

Figure 1. PEG modified with aldehyde. 
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2.2 Synthesized of polycyclic acetal metal complexes [9] 
    (0.6g, 1Mmol) regarding the modified polymer ligand was mixed with (0.2g, 1Mmol 
AgNO3) was dissolved in 20mLof DMSO with continuously stirring, after that the mixture 
was heated at 60°C for 12hours. Upon cooling, the complex was washed with ethanol, then 
dried at 60°C in vacuum 24 hours. Synthetic route related to the target compound displayed 
Figure2.  
 

 

 

Figure 2. Preparation of polymer metal complexes. 

 

2.3 Preparation of polymer blends: 
   Polymer films was prepared by casting approach solution. The polycyclic acetal metal 
complex solution was prepared by dissolving 0.6 gm polyacetal in (25ml) DMSO at 50°C 
with stirring (5gm) PVA was dissolved in a hot water for creating 5% polymer solution. The 
two polymer solutions were mixed at different ratios. PVA weight fraction was different for 
obtaining series of blends with (0-100% wt/wt) PVA in resulting solution as it can be seen in 
Table1.  
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Table1. The weight fraction of PVA Polymer blend. 

PVA% PA% Polymer blend 

75 25 B1 

50 50 B2 

25 75 B3 

75 25 B1Ag 

50 50 B2Ag 

25 75 B3Ag 

 

  Physical properties of the prepared polyacetal, its metal complex and polymer blend are 
shown in Table 2. 

Table 2. Physical properties of prepared polymers. 

 

3. Results and Discussion 
     Poly cyclic acetal-Ag metal complex was synthesized from the reaction of PEG with 4-N, 
N dimethyl aminobenzaldehyde and characterized by FTIR, antibacterial activity. 
 
3.1 FTIR – characterization of PEG cyclic acetal, PVA polymer blend: 
       PEG polyacetal was synthesized from reaction of PEG with para dimethyl amino 
benzaldehyde. The FTIR spectrum of ligand (PA) Figure 3. Displayed bands at 3471cm 
assigned to (O–H stretching vibration) the band at (2889,2736cm) assigned to (C-H 
symmetric and asymmetric stretching),(1111cm-1) for  (C—O—H stretching), (3100) cm-1 
due to  (C—H aromatic stretching), (1342cm-1) and(1468cm -1) for (C—N), (1153 cm−1) for 
(C—O—C) acetal group.                           
   FT-IR spectrum regarding blend polymers, Figure 4. Showed a broad absorption band in 
range 3402cm−1corresponding to (O–H stretching vibration), 2918cm−1 is for (C-H 
symmetric stretch), (1666cm -1) for (C═C aromatic) (1371cm-1) and(1439cm -1) for (C—N) 
N,N di methyl group, (C—-O) acetal group of ligand at (1167cm−1)and (1109cm-1) for (C—
-O—-H) stretching .                                                                                        

FTIR spectra of the PVA/PA-Ag complex Figure 5. Showed broad band at range of 
(3425cm-1) for (O-H stretching vibration), as well as band at range of (2991cm-1), due to 
stretching vibration of (C-H) aliphatic, (1167cm−1) for (C—O—C) acetal group and 

Colors Symbol 

White PEG 

White PA 

Light Green B(PA-PVA) 

Dark Brown PA-Ag 

Dark Brown B1Ag 

Dark Brown B2Ag 

Dark Brown B3Ag 
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(1109cm-1) for (C—O—H stretching) , bands at(810-995cm-1) indicated to coordinates water 
(aqua) and bands at the range of (596-400cm−1) attributed to the metal coordination to the 
ligand, (1369cm-1),(1360cm-1) owing to the stretching vibration of (Ag-ONO2) symmetrical 
and asymmetrical for the PVA/PA-Ag complex.                                                         

 

Figure 3. FTIR spectra of polycyclic acetal. 

 

 

Figure 4. FTIR spectra of (PVA/PA) blend. 
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Figure 5.  FTIR spectra of (PVA/PA-Ag) blend. 

 

3.2 Thermal analysis 
   The thermo gravimetric (DSC∕ TGA) for the pure PVA, PA / Ag metal complex as well as 
the PVA/PA polymer blend was measured at temperatures in range 0 to 600 °C with constant 
rate of 10°C∕ min-1.                                                                                       
The TGA curve that is related to Polyacetal Figure 6. Indicates 3 steps regarding continuous 
mass loss. The initial step at 120-318.77°C with -55.84% mass loss regarding the volatile 
compounds. The second step at 318.77-364.45°C with -2.981% mass lose. The final step at 
364.45-594.94°C for decomposition regarding polymer side chain as well as weight loss of 
approximately -42.798%                                                                             

   The DSC curve for the polyacetal indicated glass transition temperature Tg at 58.8°C. The 
endothermic peak located at a 233.8°C related to polymer melting Tm. Degradation 
temperature Td at a 558.7°C.                                                                             

   The TGA thermo gram regarding the B(PVA/PA) Figure 7. Exhibited 3 steps. The initial 
one was at100-380.43°C with the weight loss approximately (-61.42%). The second step at 
380.43-460.81°C with weight loss approximately (-6.67%). The third step 460.81-595.24°C 
with weight loss approximately (-8.12%).                                                                    

  The DSC curve of B(PVA/PA) showed glass transition temperature Tg at 73. 5°C.The 
endothermic peak related to Crystalline temperature point Tc at 196.8 °C and (390 °C) of 
melting point Tm. Degradation temperature Td at 505.9 °C.                           

  The TGA thermo gram regarding (PA-Ag) Figure 8. Was displayed in two steps. The first 
one was at 110-338.48°C with a weight loss approximately -24.36%. The last step was at 
338.48-495.93°Cwith weight loss approximately -61.45%.                                                                
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   The DSC curve of (PA-Ag) presented the glass transition temperature Tg at 50°C. The 
endothermic peak related to Crystalline temperature point Tc at240°C and 410 °C of melting 
point Tm. The polymer degraded at 500°C.   

   The TGA thermo gram related to the B(PVA/PA-Ag) Figure 9. Was displayed in three 
steps. The first-step was assigned at 225-326.02°Cwith weight loss approximately -16.70%. 
The second step was located at 326.02 - 438.61°Cwith weight loss approximately -60.35%. 
The third step was located at 438.61-497.50°Cwith weight loss approximately -7.56%.            

   The DSC curve of B(PVA/PA-Ag) exhibited the glass transition temperature at 65.5°C. The 
crystalline temperature point located at 205°C and 310°C of melting point Tm. Degradation 
temperature Td at 400°C.    

                                                                           

 

Figure 6. Thermal analysis of polycyclic acetal. 
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Figure 7. Thermal analysis of [PVA/PA] blend. 

 

 

Figure 8. Thermal analysis of [PA-Ag]. 
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Figure 9. Thermal analysis of [PVA/PA-Ag] blend. 

 

3.3 Antibacterial activity 
Antibacterial activity for derivative ligand [PA] and complexes: 
   The synthesized polyacetal and its metal complex besides to PVA/PA-Ag blend have been 
evaluated in vitro against gram_vebacteria: E-coli,Klebsiellapneumoniae, and gram +ve 
Staphyloccusaureus, Bacillus subtilis .                                                                  
The results of the anti-bacterial activity in Table 3. Indicated that the polyacetal and its metal 
complex displayed moderate to excellent activity against all kinds of bacteria [10-12]. For the 
polymer blends, all of the prepared blends showed a good activity against all bacteria types. 
The antibacterial activity was found to be in the order                                    

B3Ag> B2Ag> B1Ag                                                              

   Increasing the biological activities regarding metal complex may due to the effect  of the  
metal ions on normal cell process. Potential action mode was the  increase in the toxicity could 
be taken into account (Tweedy’s chelation theory) [13]. Chelation significantly decrease 
metal ion polarity due to partial sharing regarding metal positive charge with donor groups as 
well as the potential of de-localization that was related to the p-electron in entire ring system 
which was  created throughout coordination. This chelation might improve lipophilicity 
regarding central metal atom, thus increasing hydrophobic character as well as the lipo-
solubility regarding complex preferring its permeation via cell membrane lipid layer.  Such 
process would enhance the rate related to uptake/entrance, and therefore anti-microbial 
activities regarding testing compounds. Thus, anti-microbial activity related to the metal 
complex could be indicated to increase in lipophilicity that would be going to deactivate the 
respiration processes enzymes and also the other cellular enzymes, that were of high 
importance in the metabolic pathways regarding tested micro-organisms [14]. 
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Table 3. Inhibition diameter in millimeter for ligand complexes after 24 hrs. 

Klebsiellapneum
oniae 

Bacillus subtilis Escherichia Coli 
Staphylococcus 

aureas 
ComPoud 

16 13 11 - PA 

11 14 12 13  PA-Ag 

- -- - -  B1(PA-PVA) 

18 11 16 10 B2(PA-PVA) 

13 - 13 - B3(PA-PVA) 

14 - 16 14 B1(PA-Ag/PVA) 

13 14 15 14 B2(PA-Ag/PVA) 

18 14 14 15 B3(PA-Ag/PVA) 

 

4. Conclusion 
      Polyacetal, PA-Ag and PVA/PA-Ag polymer blend were prepared through solution 

casting method. Thermal analysis revealed addition of PVA improves thermal stability of 
PVA/PA-Ag blends. Biological activity revealed that PA-Ag metal complex has the greater 
activity than polyacetal and polymer blend against all kinds of bacteria. 
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